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General cross section through Newcomb quadrangle. This
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Two cross sections through the Vanderwhacker arch. The flow
lines form a regular arch, to which the cross joints conform.
The summit of Vanderwhacker mountain lies within the
axis of the arch, the eastward and westward slopes conform
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Structure map of the gabbro on top of Rise 2074, south of Pine

hill. The gabbro (stippled area) is conformably surrounded
by the foliation of the syenite. The contact dips under the
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Diagram showing the strike of the joints in Newcomb quadrangle.
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surface carved in weak Grenville rocks, similar to the con-
ditions in the southern half of the quadrangle. Two large
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right. They cause elevations with a gentle dip-slope to the
right, conformable with the foliation, whereas the slope on the
left side is constantly undercut by the more rapidly decom-
posed Grenville rocks. This causes a bold escarpment,
resembling a fault scarp , 73

The same landscape as in figure 12, cut into five blocks to show
the structure of the Grenville and syenite. The shape of the
siUs is assumed to be lenticular 74

The great curve of the Hudson at Dutton mountain. Looking
southeast, from Rise i960, west of the confluence of the
Hudson and Boreas rivers 82

Ledge of Grenville marble, south shore, Hudson river, just above
the mouth of Indian river. Dark bands show folding; over-

hanging edge due to solution of the marble by the water 91
Contact of older (?) gabbro with Grenvflle marble, north of

Newcomb post office, on the road, south shore of Harris
lake. Sharp botmdary between the marble (bent calcite

grains) and the gabbro (augite, hypersthene, hornblende
and mica). 15 x magnified 92

Injected Grenville quartzite, south shore, Hudson river, one
mile west of mouth of Boreas river. Intricate border of

quartz grains and intergranular streaks of limonite. 30 x
magnified 92

Grenville lime silicate gneiss, main highway south of Aiden
Lair, a little north of the beginning of the road to Northwoods
Club. Large calcite grain with bent twinning lamellae. The
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magnified 93

Anorthosite, north of Perch pond. Protoclastic granulation of
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Basic syenite, old road metal quarry, three and a half miles

north of Joseph mountain. Dark minerals with high relief are

augite and hypersthene. Near the center, a grain of horn-

blende. Black grains are biotite and ores. Plagioclase and
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Porphyritic diabase, south of the garnet pit of the American
Glue Co. Laths and a large phenocryst of labradorite. Finer

grained groimdmass of augite, hornblende and ores. 30 x
magnified 95

Syenite, road cut southwest of Kays hill. Section parallel to the
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30 X magnified 96

Cross-cutting veinlet of syenite, road metal quarry, main high-
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28). 30 X magnified 98
Same rock as in figure 27, but cut across the foliation and

parallel to the flow lines. In this direction the parallelism of the
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magnified 98
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Cliff of syenite, bed of the Hudson, southwest of Tahawus.
The wall along which the water cascades is a diabase dike
which strikes parallel with the main joint system 102
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GEOLOGY OF THE NEWCOMB QUADRANGLE
By Robert Balk Ph.D.

Assistant Geologist, New York State Museum

INTRODUCTION

In May 1925 the writer was appointed by the late Director of the

State Museum, Dr John M. Clarke, to map the geology of Newcomb

quadrangle in the south central Adirondacks. This was done at the

suggestion of Dr Charles Schuchert, Dr Rudolf Ruedemann and the

late Professor James F. Kemp, who desired to have a portion of the

Precambrian rocks of the Adirondacks surveyed with the new
structural methods of Professor H. Cloos, with whom the writer

has collaborated for a number of years. The interest and coopera-

tion of these men as well as of the present administration of the

State Museum alone have made the publication of the present report

possible, and it is a great pleasure to the writer to express his

indebtedness to all of them. Field work in the quadrangle was com-

pleted in 1926, and the report was submitted in 1928.

Location. Newcomb quadrangle lies in the south central Adiron-

dacks, between 74° and 74° 15' longitude, and 43° 45' and 44°

latitude. It covers approximately 227 square miles. The greater part

is in Essex county, small marginal portions lying in Hamilton and

Warren counties. See accompanying topographic and geologic map
in color.

Newcomb, the only village in the quadrangle, may be reached by

automobile from North Creek (Delaware and Hudson railroad) or

from Tupper Lake (New York Central railroad).

Culture. There are two belts of relatively fertile land in the

quadrangle, where some farming is being done: (i) the Newcomb
valley, trending east-west, in the northern part of the quadrangle;

(2) the low land west of Casey mountain, along the main highway

to Indian Lake village, in the southwestern corner of the quadrangle.

The forest has been cut, and the soil yields good pasture for cattle,

whose milk is used for local demands, especially during the summer,

when the country is visited by thousands of tourists.

Agriculture has been more extensive in the past, and, as is so

common in the eastern States, the farm population is now gradually

moving away from this region, because of inability to compete with

the prevailing prices set by large-scale farming in other parts of the

country. Consequently, one may see many abandoned farms in

[7]
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the quadrangle, for example, southeast of Newcomb village, south-

east of McGinn hill, in the Deer Creek valley, and along the Hudson
river, east of the Black mountains.

The rest of the quadrangle is uninhabited and forested. The trees

are cut by lumber companies, and the wood is floated down the

Hudson, to be used for paper manufacture. Trails and temporary

wagon roads lead to the larger rivers, and the logs are thrown into

the water. Dams are built at certain intervals across the rivers, in

order to raise the waters to float the logs over the shallow rapids of

the streams. There is a dam across the Hudson river, northeast of

Cedar mountain
; one across the Indian river, one mile southeast of

Bullhead pond
;
one across Goodenow river, south of Zack pond

;

and one across Newcomb river, and at the outlet of Newcomb lake.

The rocks of Newcomb quadrangle yield little of economic value.

The most important mineral product is garnet; next in importance

is building stone which is available in inexhaustible quantities, but is

used only for the maintenance of roads and in local building. Five

or six gravel pits supply the local demand for concrete construction.

The reader will find the garnet deposits described on p. 84.

Any one who wishes to visit the area, will find accomodations in

Newcomb, in Aiden Lair (between Newcomb and Minerva), Hus-

son’s camp. Hunter’s Home (Cooley on the map), and a camp on

the south shore of Third lake (Chain lakes).

Relief. Newcomb quadrangle has a comparatively moderate phy-

siographic relief. Surrounded by the highest peaks of the Adiron-

dacks on the north and northeast, and by only slightly lower moun-

tains in the west, south and east, the .quadrangle shows an average

elevation of 1800 to 2000 feet. The highest peak, Vanderwhacker

mountain, reaches 3385 feet, the lowest point is 1065 feet (Hudson

river level near southeast corner of the topographic sheet).

Many rivers flow through the area. The Hudson, which drains

it, enters at the northeast, traverses the quadrangle in a south-south-

west direction, bends suddenly to the east, and after crossing two-

thirds of the quadrangle, bends again to the south, entering finally

into the Thirteenth lake area. The Newcomb, Goodenow, Cedar,

Indian and Boreas rivers all empty into the Hudson river within

this quadrangle.

GENERAL GEOLOGY
The quadrangle is made up of Precambrian rocks. Only the

valley floors and certain mountain slopes are superficially covered

with the ground moraine of the glaciers of the Ice Age, or by sand

and gravel, washed out from the moraine by postglacial streams. No
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rocks of Paleozoic age, which occur in the neighboring quadrangles

to the east (Schroon lake) and to the south (Thirteenth lake), are

present on the Newcomb sheet.

Accordingly, this report deals primarily with Precambrian rocks.

A general description of the origin, history and arrangement of them

will be given in this paragraph, to make the reader familiar with the

general geologic features. The writer feels the more obliged to do so,

as this report introduces a new method of field geology in the Adiron-

dacks. Unfortunately, this method necessitates detailed and lengthy

descriptions of structural features which are not easily read. Should

the reader not care to read these details, he will find condensed and

more easily legible outlines both in this paragraph and in the sum-

maries on p. 49 and 64.

The oldest record in the quadrangle is that of the deposition of a

series of sedimentary rocks, the so-called Grenville formation, com-

posed of limestones with interbedded sandstones and marls. These

strata belong to the oldest rocks of North America and were laid

down on the bottom of a sea which once covered a very large area

of the continent. The sediments have been identified and described

within the entire Adirondack mountains (W. J. Miller ’17) ;
they

extended southward possibly to Franklin Furnace, N. J. (Bayley ’14,

P- 333)- They are common in the provinces of Ontario and Quebec,

and have been tentatively identified by Quirke (’24) as far west as

Georgian bay.

There is no complete agreement as to the proper correlation of

the Grenville series with the type sections of the North Ameri-

can Precambrian system. Until recently the Grenville series

had been considered approximately equivalent with the Keewatin

of the Lake Superior district (see, for instance, B. Willis ’12, p. 67;

W. G. Miller and Knight ’15, p. 403). In 1924, however, Quirke

(’24) correlated the Grenville with the Huronian, a younger subdi-

vision of the Precambrian. Gregory and Barrett (’27), however,

question the necessity of this change and adhere to the older corre-

lation. The difficulties of the correlation of Precambrian rocks

are pointed out by Wilson (’27),.

Some time after their deposition, the Grenville sediments were

intruded by an acid magma, the so-called Laurentian granite. The
writer believes that the originally horizontal strata were folded and
metamorphosed prior to, or simultaneously with, the granite injec-

tion, whereby the limestones were converted into marbles, the sand-

stones into quartzites, and shales and marls into mica-schists and
amphibolites.
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During a still later epoch, according to Kemp and Ailing (’25,

p. 7) and others in the Algoman, according to Quirke (’24) in the

Keweenawan time, the Adirondacks were the theater of enormous

upwellings of magma, far below the earth’s surface. The center of

the magmatic activity is represented by a peculiar igneous rock, com-

posed chiefly of crystals of labradorite, a soda-lime-feldspar. The
scientific name of this rock is anorthosite and it constitutes the

highest peaks of the Adirondacks, occupying, according to W. J.

Miller (’18, p. 403), 1200 square miles. The anorthosite forms a

geological center of the entire Adirondack region, and has main-

tained this governing position up to the present time, so far as this

rock composes the central peaks of the mountains (Mount Marcy,

Mount McIntyre and many others).

Newcomb quadrangle lies on the southwestern edge of the

anorthosite area, enclosing a small portion of it in the extreme north-

eastern corner.

The most common igneous rocks in the quadrangle are the syenite-

granites (quartz nordmarkite of Kemp and Ailing (’25, p. 42). They

surround the anorthosite like a broad shell, and there is good evi-

dence that these igneous rocks played the role of a mother liquor of

the parent magma of the anorthosite. The labradorite crystals

appear to have segregated in the center of the magma chamber, and

the remaining liquid has been ejected beyond the periphery of the

congealing crystal masses. The petrological side of this process has

been recently discussed by Barth (’30), and the structural mechanics

by Balk (’30). Since this mother liquor has been in a liquid and

more mobile condition, it is capable of intruding occasionally the

anorthosite, wherever this rock had fractured while the syenite liquor

was still surrounding it. Thus the impression is created in some

places that the syenite is definitely younger than, and intrusive into,

the anorthosite (Cushing ’07, p. 479; W. J. Miller ’i8a, p. 39).

The syenite series comprises variable types of rocks, ranging from

dark green gabbroic phases to grayish white or pink normal granites.

During this great igneous invasion the older Grenville strata were

strongly deformed, folded and heated until they became extremely

plastic. The syenite magma broke into the marbles, splitting and

squeezing the sediments apart; the great volume of heated magma
rendered them potentially liqiud, and the motion of the syenites

dragged the sediments along. This magma current was obliquely

to the south and southwest in the southern half of the quadrangle,

and steeply upward in the central and northerly portions. The phe-

nomena resulting from the flowage of the Grenville marble are
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especially interesting as they are not often found exposed to view.

The marble appears to have flowed and moved with approximately

the same ease as the syenitic magma, and where the latter in a late

stage of the intrusion had already begun to consolidate, the marble

may be seen to break into the syenite, cutting its foliation at high

angles and with perfectly sharp contact planes; another line of evi-

dence is thus presented that so-called intrusive relations between

any two rocks in the Adirondacks do not necessarily indicate the

correct age relations. The intruding rock has been more mobile or

liquid during a stage when the intruded rock had already partly or

completely congealed. The Grenville marble, although older than

any other Adirondack rock, remained potentially liquid after the

syenite had consolidated. Likewise the syenite remained semi-

molten some time after the labradorite crystals had frozen into

anorthosite.

A large part of the report is devoted to a detailed description of

the movements of the syenite series and of the Grenville sediments.

Summaries will be found on p. 47 and 64. It may be noted that

we are dealing with movements of molten magma and of potentially

liquid and plastic sedimentary roclcs, which took place at considerable

depths below what was then the surface of the earth. There are no

means, of course, of witnessing such deep-seated movements from

the surface. The phenomena remain invisible, unless the slowly

progressive erosion of the land by wind and weather succeeds in

removing thousands of feet of overlying rocks, bringing thereby to

the surface the formerly deeply buried rocks. This has been accom-

plished by nature in the Adirondacks.

A study of these structures of formerly deep-seated rocks fur-

nishes the key to the understanding of mountain-building
;
it explains

many phases of the activities of volcanoes, of earthquakes and of the

distribution of hot or mineral springs.

The history of Newcomb quadrangle after the epoch of magmatic

intrusion is poorly recorded. Erosion has performed a wholly nega-

tive work, constantly removing rocks from the surface, but adding

nothing to the formations of the region. Only once, during the late

Cambrian and Ordovician formation of the Paleozoic era, some 450
million years ago (Knopf et al., ’31, p. 7), has the country at large

been submerged below sea level, and on the bottom of a shallow ocean

a red, pink or gray sandstone (Potsdam sandstone) and dark gray

limestones (Theresa, Little Falls and Ployt limestones) were laid

down. Later, the region again emerged, and the subsequent erosion

of the land has completely removed the Paleozoic strata within the
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Newcomb quadrangle,whereas remnants of them are still left in the

territory to the east and south (Schroon lake and Thirteenth lake

quadrangles)

.

It is of great interest that in some parts of the northern and

northwestern Adirondacks the present land surface can be identified

with the old surface on which the Cambrian formation had been

laid down. In the southern Adirondacks, however, the present sur-

face does not show such a close similarity with the older surface.

Since no Paleozoic strata outcrop in Newcomb quadrangle, this

report is not concerned with this particular problem of morphology.

The only further geological change was brought about during the

great Ice Age, one of the most recent epochs of the earth’s history.

Glaciers then extended well over the State of New York, covering

the Adirondacks more or less completely. The glaciers scraped off

much loose soil, earth, stones and boulders from the surface; on the

other hand, they covered the valley floors with extensive deposits of

loosened rocks and ground-up material which had been transported

by the moving ice, but was dropped as the ice finally melted away.

Such deposits of ice-transported boulders, stones and their com-

minuted fragments are usually compact, unassorted, and lack strati-

fication; their geological name is ground moraine or till. Glacial

till covers superficially a large portion of the quadrangle. Since the

boulders in the moraine are often identical with rocks which outcrop

farther to the north, the ice must have moved in a general direction

from north to south. This is verified by the parallel direction of

the glacial striae (grooves and scratches made on the bed rock by the

boulders carried by the glaciers along the base). Glacial striae are

less common in the present quadrangle, however, than in other parts

of the Adirondacks.

The patchy distribution of ground moraine in the Adirondack

valleys has played an important role in the development of the sub-

sequent drainage. Where a preglacial valley was drained by a creek,

there the morainal walls would often block the course of the water,

raise the level of the valley and give rise to a pond or lake. Newcomb
quadrangle has more than 6o lakes, and practically every one of

them originated because a preglacial valley had been blocked by

moraine. Other lakes are located in depressions on the surface of

larger areas of till. The present courses of many streams likewise

show the deflecting and disturbing influence of the glacial deposits.

The morphological peculiarities and the evolution of the Hudson

valley will be described in greater detail on p. 79.
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CLASSIFICATION OF THE ROCKS
On the basis of observed field relations, the following sequence

of rocks has been recognized in Newcomb quadrangle:

Postglacial Stream gravels and stratified sand

Pleistocene
| Fluvioglacial gravels in part

Late Precambrian Basic dikes

f
Syenite-granite series

Younger igneous rocks J Qabbro
(Algoman) Anorthosite

Older gneissoid granite

(Laurentian?)
Gabbro amphibolite
Grenville marble, quartzite,

amphibolite, and mixed
gneisses

This sequence is in accordance with the relations recognized else-

where in the Adirondacks, save for the age of the gabbros. They

have been considered younger than the syenite series, but recently

W. J. Miller (’26, p. ii; ’23, p. 15) has described gabbros which

have the same age relation as those in the above classification. In the

map a few minor discriminations have been observed.

The distribution of these rocks in the quadrangle is as follows;

The syenite series has by far the greatest areal extension, especially

in the northern half of the sheet. In the south it covers round or

elliptical areas. Next in importance is the Grenville series. The

rocks predominate in the southern half and decrease northward in

proportion as the syenite increases. The long and broad valley of

Newcomb is underlain by Grenville marble
;
so is the valley of Chain

lakes. Gabbros constitute a large mountain group near the north-

eastern corner of the sheet, several adjacent hills farther south and

a few hills near the southern border of Newcomb quadrangle.

All other rocks are of more limited occurrence, save the glacial

till which covers most of the valley floors.

PETROLOGY OF THE PRECAMBRIAN ROCKS
The Precambrian rocks of Newcomb quadrangle extend without

any essential changes over into the quadrangles to the west, east

and south. Since their petrology has been described in the reports

of these quadrangles (W. J. Miller, T6a; T8a; T4), this part of the

report will be presented as briefly as possible.

Early
Precambrian 1 Older igneous and

sedimentary rocks
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THE GRENVILLE SERIES

Grenville marble. The medium to coarse-grained rock consists

of calcite, diopside, quartz, garnet and variable quantities of scapo-

lite, tremolite, phlogopite, chondrodite, graphite, apatite, spinel,

zircon, magnetite and sulphides. Pure calcite is rare, for the indi-

vidual crystals contain commonly the other minerals as small inclu-

sions. Ledges in the field show light and dark layers, caused by the

parallel arrangement of such minerals as graphite, garnet or quartz.

Within the small range of a thin section the change from one layer

to another can hardly be observed, and the rock appears massive.

The calcite grains are always larger than the other constituents of

the marble. In an exposure on the south shore of the Hudson, west

of Blue ledge, calcite crystals were observed which reach one yard

in diameter. The average size of calcite grains is one-eighth of an

inch (figure 15).

Exposures. Newcomb village. South shore of Goodenow river.

Hudson valley between Gooley and Dutton moimtain. Main high-

way southwest of Casey mountain. Main highway from Minerva

to Twenty-ninth pond.

Grenville quartzite. Only a few exposures of this rock were

seen. A rock from the south shore of Rich lake consists almost

entirely of quartz. The closely interlocked grains include flakes of

graphite and are stained yellow or brown by thin intergranular

veneers of iron oxides and pyrite. In most exposures, pure quartzose

layers alternate with impure calcareous beds, and all the accessory

minerals mentioned above may be found. The local abundance of

apatite and titanite was noted in particular.

Exposures. All exposures have been indicated on the map.

Grenville amphibolite. These well- foliated rocks are composed

of green hornblende which frequently surrounds cores of augite.

The writer doubts whether this feature is a reliable criterion for an

igneous origin of all amphibolites. The rocks occur in the Grenville

marble as small detached blocks which would indicate former marly

layers rather than lava flows. Plagioclase in the examined sections

has been replaced largely by chlorite and muscovite, and secondary

calcite or epidote are common. The mineral composition varies con-

siderably, and the rocks grade often into diopside-amphibole quart-

zites or impure marbles.

Exposures. Apart from the numerous fragments in the Gren-

ville marble, amphibolite constitutes a narrow belt in the Black moun-
tains, extending west-northwest from Rise 2221 across Black moun-

tain ponds to the ridge northeast of Casey mountain. Another belt of
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amphibolite is on Rise 1840, east of Deer creek, near the southern

border of the sheet.

Older (?) gabbro. Within the Grenville formation there are

several small gabbroic rocks which may be older than the gabbros

associated with anorthosite and syenite. They are nowhere connected

with these rocks. Some of the older gabbro exposures have a

spherical shape. Since their mineral composition and general appear-

ance resemble the other gabbros, they will be included with them

(figure 16).

Exposures. The marble belt in the vicinity of Newcomb shows

these rocks best. All outcrops are represented on the map.

Laurentian granite. Granitic rocks older than the syenite series

are extremely rare. There is a siliceous rock exposed in ledges on

the south side of the Hudson river between Gooley and Dutton

mountain which is composed of quartz and microcline. A small

exposure one-half of a mile south of “o” of the name “Beaver

meadow brook” (southwest corner of the quadrangle) is a basic

hornblende granite. More frequent are pegmatites rich in quartz,

microcline, orthoclase, which are coarse grained and typically rusty

due to oxidized pyrite. These rusty pegmatites differ considerably

from those pegmatites which occur associated with the syenites.

The age relation of the supposedly Laurentian granite to the younger

syenite could be determined at two localities. Two-thirds of a mile

northwest of Venison mountain, on the top of a little hill north of

Rise 2169, there is an inclusion of Grenville marble and of coarse-

grained light yellow granite in the syenite. The included mass is

exposed for some 15 feet in a vertical cliff, with the shape of a lens

whose major axis lies horizontal. On the western embankment of

Boreas river, two-thirds of a mile south of the bridge, coarse-

grained hornblende-bearing granite is abruptly cut off by a pink

rock which is in all probability identical with the syenite. The folia-

tion of the older rock is also cut off, and in the pink intrusive rock

two inclusions of the hornblende granite were seen, some eight inches

in diameter.

Exposures. Hudson River canyon, east and west of Kettle moun-
tain. Coarse-grained perthite-quartz-tourmaline pegmatite south-

west of “R” of the name “^ich lake.” Other localities are marked
on the map.

Mixed gneisses. Even if the few exposures of Laurentian granite

were concealed, the existence of an older magma could be inferred

from the occurrence of injected highly feldspathic rocks within the

Grenville formation, without any noticeable relation to the local dis-
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tribution of syenite. As Smyth (’12, p. 144), Cushing (’25, p. 27)
and others have pointed out, these rocks are typically rusty, owing

to small but persistent quantities of pyrite. The feldspar in such

mixed gneisses is microcline or orthoclase, with smaller amounts of

albite.

Injected quartzites on the south shore of the Hudson river, one

mile west of the mouth of Boreas river, are of brown color and

glassy on the surface. The rock consists of quartz, microperthite

and an acid plagioclase in variable proportions. The quartz grains

have irregular outlines, the lines of iron oxide traverse the grains,

indicating perhaps the original boundaries of the quartz grains

(compare Colony, ’17, p. 10). Even in the freshest specimens the

feldspar grains may be completely sericitized (figure 17). A lime

silicate gneiss, a little farther west, consists of quartz, basic plagio-

clase, diopside, biotite, apatite and some calcite. Another phase is

composed of quartz and microcline almost to the exclusion of all

other minerals. Allanite was found sporadically in isolated grains

up to three or four millimeters in length, surrounded by the

characteristic radial cracks. The quartz-feldspar boundaries are

indented, quartz corrodes the latter, myrmekitic embayments advance

towards the microcline. A greenish brown rock, one mile east of

Venison mountain shows microperthite, quartz, diopside and calcite.

A few small grains of plagioclase are completely decomposed.

Quartz is interlocked with chondrodite (figure 8).

Although typical lit-par-lit injections have not been observed, it

seems as if pegmatitic emanations have had access to the Grenville

sediments almost anywhere, resulting in the scattered occurrence of

injected gneisses. The amphibolites and quartzites have reacted

more readily with these magmatic infiltrations than has the Gren-

ville marble. This may account for the relative scarcity of the

gneisses.

The best exposures have been mentioned already.

THE YOUNGER IGNEOUS ROCKS

Anorthosite. The rock is composed of labradorite crystals, up to

one cubic inch in size. According to recent investigations by

T. Barth of the Geophysical Laboratory in Washington (’30), the

plagioclase of the anorthosite contains between 45 and 55 per cent of

the anorthite molecule, which places the mineral, according to general

usage, into the andesine class. The term “labradorite” will be retained

here nevertheless. The crystal margins are commonly crushed and

sericitized. The twin lamellae of the albitic and periclinic system
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are well developed and often bent, due to excessive shearing of the

rock. Extremely small dustlike inclusions in the labradorites are sup-

posed to be pyroxene. They are so numerous that, in spite of their

smallness, they may enhance the specific gravity of the labradorite

(Barth, ’30, p. 132). Accessory minerals are garnet in fairly large

grains, hypersthene and augite, and some quartz or hornblende.

Exposures. Only a few small exposures occur in the extreme

northeast corner of the quadrangle.

Border phase anorthosite. Apart from labradorite, this rock

contains augite, hypersthene, garnet, hornblende, orthoclase, micro-

cline, biotite and quartz. Magnetite or ilmenite may be surrounded by

garnet rims, augite by fringes of hornblende, which in turn may be

outwardly altered to serpentine and chlorite. Smaller veinlike masses

of perthite were observed between labradorite crystals. Sections from

outcrops in other quadrangles which the writer has studied show that

the perthite veinlets may corrode the labradorite and they are inter-

preted as remnants of a more silicic mother liquor of the anortho-

site magma, and the veinlets appear to be entrapped in the congealing

labradorite rock. Myrmekite is another common feature in the

border phase anorthosite, and perthite veinlets with myrmekite blebs

are associated with it.

Exposures. Ridge on the west side of the Hudson, opposite

Tahawus post office. Smaller detached outcrops within the syenite

are : north shore of Split Rock pond
;
one-fifth of a mile southwest of

the south end of Balfour pond, on the northeastern slope of Rise

2400; eastern slope of Rise 2422, east of Vanderwhacker mountain.

Gabbro. The type minerals are labradorite, augite, sometimes

diallage, hypersthene, garnet and, in small amounts, olivine. Olivine,

however, is not present in all gabbros. Accessories are quartz,

amphibole, magnetite, spinel, biotite and orthoclase or microcline.

The plagioclase crystals are almost always imbued with tiny in-

clusions of pyroxene or ilmenite. The host then looks dusty and

dark under the microscope, and the optical properties of the plagio-

clase can not be determined accurately. Megascopically such

labradorite crystals are always greenish.

A well-known feature is the reaction rims in Adirondack gabbros.

Crystals of olivine, pyroxene or, more rarely, labradorite and mag-
netite are surrounded by shells of garnet, augite and small interstitial

quartz grains. The minerals of the shell corrode the olivine and

plagioclase of the center (figure 10). The significance of the process

has been studied by Kemp and Roesler (’21, p. 39-48) and Gillson,
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Callahan and Millar (’28). Although it is true that the reaction

shells are most often on the periphery of ferromagnesian minerals,

the writer has several thin sections in which laboradorite crystals are

also surrounded by these zones, and Medora Hooper has been kind

enough to show him specimens from the Thirteenth lake quadrangle

where the shells of garnet around large crystals of labradorite can

be seen with the unassisted eye. The outstanding facts are that

olivine and, to some extent, pyroxene have become unstable during

the last period of crystallization and have been replaced by shells

of garnet, augite and quartz. A corresponding feature is the marginal

alteration of the labradorite crystals into more acid plagioclase which

forms narrow borders on the periphery. The interstitial liquid which

has attacked the minerals appears to have been more siliceous, and

the writer can think of only one liquid that has moved through the

congealing gabbro bodies and that was more siliceous, namely, the

mother liquor of the parental magma from which, in the writer’s

opinion, both the gabbros and the anorthosite have segregated. He
does not attempt to work out any reaction equations for the details

of the process as there are too many unknown quantities involved.

The principle of the reaction is the attack of a siliceous interstitial

liquid on the olivine and augite and, to a lesser degree, on labradorite.

The phenomenon is not restricted to gabbros. In the anorthosite of

the Mount Dix group (Mount Marcy quadrangle), shells of garnet

and augite quite commonly surround titaniferous magnetite; the

same relation was observed in the large barren ledges on the south

slope of Big Slide mountain, where garnet surrounds dark green

minerals, presumably augite and hypersthene. These facts are not

explained satisfactorily by the theory of Gillson, although he, like

all other observers, agrees in the siliceous nature of the interstitial

liquid.

Along their margins, gabbros grow schistose and grade into gabbro-

amphibolites in which the mineral amphibole prevails at the expense

of augite and hypersthene. Olivine disappears entirely, while

biotite and garnet may abound. The amphibolitic borders indicate

strong movements in the gabbro borders during the period of crys-

tallization. Possibly the prevalence of hornblende in the gabbro

rims may be ascribed to a greater abundance of water in the magma
surrounding the 'gabbros, and the writer is doubtful whether olivine

and pyroxene ever crystallized in outer margins of the gabbros.

T. Vogt (’27) has described similar associations of olivine gabbro,

hornblende gabbro, amphibolite, and greenstone schists. The forma-

tion of hornblende is ascribed, in the main, to reactions between solid



GEOLOGY OF THE NEWCOMB QUADRANGLE 19

crystals, but the possibility is considered that corresponding reactions

may take place within the magma (’27, p. 521).

In the gabbro of Rise 2102, southwest of Husson’s camp (Gooley),

augite crystals may attain the size of a hazelnut and include any of

the other minerals in the gabbro. Accumulations of pyroxene in

gabbro may be the result of a clustering in the magma or “swimming

together,” according to J. H. L. Vogt (’21, p. 321) who has intro-

duced the term “synneusis” for this feature. The large pyroxene

crystals in the Adirondack gabbros, however, are uniformly oriented,

and it may be that several clustered crystals would, during the end-

stage consolidation of the rock, recrystallize into one large individual

which then may include other mineral grains of the gabbro.

The supposedly older gabbros within the Grenville formation are

not distinguished from the younger gabbros, except that their

schistose borders are broader. Biotite seems to be more abundant in

these foliated rims, and while this mineral in the younger gabbros

tends to form little clusters, this was not observed in the older rocks.

The occurrence of large round crystals of garnet in the marginal

portions of some gabbros, their mineral association and economic

importance are dealt with on p. 84.

Exposures. Practically all gabbros are well exposed wherever the

map indicates. Contact exposures between gabbro and syenite are

described on p. 52.

Syenite series. Although all the rocks of this group are of

essentially the same age, their composition varies so much that it is

impossible to describe a type specimen of syenite. The petrographic

terms akerite (Cushing ’99), larvikite (Kemp ’25, p. 52), mangerite

(Cushing ’99), nordmarkite (Kemp and Ailing ’25, p. 42), although

expressing certain chemical and mineralogical relations more ade-

quately than the term “syenite,” are, as most of the above cited

authors have admitted, too narrow and not sufficiently comprehensive

to apply to a group of rocks o.f this variability. In order to maintain

the principle of a geological unit, always emphasized by Rosenbusch,

it seems best to the present writer to use as noncommittal a term as

possible in preference to one petrographically exact, but too narrow.

The old term “syenite series” or “syenite-granite” is therefore re-

tained in this report. A discussion of the petrology of the Adiron-

dack syenite, their mineralogical and chemical variations, and a com-
parison with the Scandinavian syenites is given by Kemp and Ailing

(’25, p. 42-55)-

No attempt has been made to indicate on the accompanying map
the local distribution of comparatively basic or siliceous members
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of the syenite series, save a few granitic phases. Since the various

types occur as alternating subparallel layers and lenses, of which
hundreds may appear on one mountain slope, the accurate mapping
of such a complicated system is a task far beyond the purpose and
time available for a regional survey.

The medium-grained rocks, when fresh, are of gray, grayish

’green or dark green color. Weathered surfaces are grayish white,

sometimes with a slight yellowish tinge. As a whole, they look very

much like weathering gray granite.

A specimen southeast of Casey mountain contains in descending

order of frequency microcline-microperthite (plagioclase between

albite and oligoclase), quartz, green hornblende, biotite, apatite and
magnetite. Single crystals of oligoclase and orthoclase are rare.

Reaction phenomena between quartz and potash feldspar are com-

mon. The border zone may be intricately corrugated and albite fills

the space between the feldspar and quartz. Myrmekite is equally

common in the syenites. The feldspars of the syenites have recently

been described by T. Barth (’30), and the writer can not but con-

firm the great predominance of the so-called “guttate” perthite

(Barth, ’30, p. 131), whereby the oligoclase occurs as most minute

droplets and spindles or streaks in the potash feldspar. These drop-

lets have apparently been used up during the deuteric albite forma-

tion; at least the writer has not seen any thin section where they

would persist in the border of the perthite.

Droplets of quartz included by plagioclase crystals, show the twin

lamellae of the host protrude into the quartz. Sederhoim (T6, p. 124,

plate 7, fig. 38) says with reference to this phenomenon: “This

seems to prove that (the quartz) has crystallized at a later date than

the plagioclase, allowing the latter to continue its crystallization in

the cavities containing silicic acid in solution.”

A comparatively acid phase, west of Ord falls, contains mostly

quartz, microcline and orthoclase, with a little hornblende and biotite.

A few crystals of antiperthite and oligoclase or albite are decomposed

in the cores, although no changes in the optical properties of the

grains were observed. Small fragments of feldspar between large

grains of quartz suggest some protoclastic movements. Amphibole

is not affected by granulation, but quartz has undulose extinction and

shows this feature in almost every thin section.

A similar specimen two miles east-northeast of Arbutus lake

(Ackerman pond on the map), carries quartz, microperthite, ortho-

clase, a little oligoclase, biotite, augite, garnet. The intergrowtli of

the perthite is extremely fine. Areas seemingly uniformly oriented
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under moderate magnification, continue to show twin lamellae and

intergrowth of the two feldspars at least up to 8o times magnifica-

tion. In this specimen the twin lamellae of pure plagioclase are not

bent, and even the quartz extinguishes uniformly. Long leaves of

biotite are likewise straight.

A dark green variety from an abandoned quarry north of Joseph

mountain is composed of andesine and amphibole in approximately

equal proportions; in addition, biotite, quartz, augite, hypersthene,

garnet and ore. Practically no granulation or deuteric phenomena

were observed (figure 21).

The close relationship between the anorthosite and the syenite

series is plainly shown by the fact that single phenocrysts of labra-

dorite, up to six inches in length, appear in the syenite near the

contact zone of the anorthosite. At the road metal quarry on the

main highway one-half of a mile north of Twenty-ninth pond, the

syenite is a medium-grained, green rock which carries perthite with

an oligoclase that averages 26 per cent anorthite. The writer is

greatly indebted to Doctor Barth for determining the accurate com-

position of the oligoclase as well as that of the phenocrysts ;
compare

Barth (’30, p. 134). Quartz and hornblende are next in abundance.

In this rock, which is a typical syenite, there appear large black or

very dark blue labradorite phenocrysts, mostly as single rounded

crystals, and occasionally as many as two or three individuals together.

The plagioclase carries from 48 to 51 per cent of the anorthite mole-

cule which is identical with the composition of the normal labradorite

of the anorthosite. There is a distinct gap in the composition of the

two plagioclases, and no trace of an intermediate member has been

found. On the other hand, a gap of approximately 30 per cent

anorthite separates the solid phase in Bowen’s plagioclase melting

diagram from the liquid phase which has the composition of oligo-

clase (N. L. Bowen, ’28, p. 34). Thus, the simultaneous occurrence

of two plagioclases of different composition, the calcic one as pheno-

cryst, the more sodic one as the main constituent of the syenite, cor-

responds most satisfactorily to an equilibrium condition between a

solid and a liquid phase. The calcic labradorite must be considered

the solid precipitate, and the syenite series accordingly plays the role

of the mother liquor. This relation jis further borne out by the

frequent occurrence of such calcic phenocrysts in syenite as far as

seven miles away from the anorthosite border, whereas no such pheno-

crysts have been observed in the broad belt of syenite beyond this

distance from the anorthosite. In the Elizabethtown, Schroon lake.

Port Henry and Willsboro quadrangles anorthosite and syenite com-
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monly grade into each other and the labradorite phenocrysts decrease

gradually outward from the contact zone. Additional criteria for

the consanguineous relation between the two rocks are cited elsewhere

(Balk ’30). Occurrences of labradorite phenocrysts in syenite are

indicated on the map. The writer would expect that some of these

phenocrysts are slightly more sodic than those which have been de-

termined from the road metal quarry, and it seems also probable

that the plagioclase of the syenite in several localities is more sodic

than the one examined. In other parts of the Adirondacks the writer

has seen phenocrysts which are white and differ from the typical

labradorite, but he has not yet had an opportunity to examine these

occurrences. In the St Urbain area, Quebec, Mawdsley (’27, p. 21)

has found phenocrysts of andesine in dikelike occurrences of anor-

thosite, and since there is a tendency in the Adirondack syenite to

grade into granite, it seems plausible that in the later stages the pre-

cipitated phenocrysts also changed their composition towards a more

sodic compound.

In the vicinity of Kettle mountain and in the syenite projection

one mile north of the bridge across Boreas river, the syenite grades

into pink granite. In one case, one end of an exposure consists of

normal syenite, the opposite end of red granite, and no difference

in age is recognizable. Quartz and microcline are most abundant in

the granite, next are microperthite, biotite and a little hornblende.

Contact phenomena of the syenites. The proximity of the con-

tact of a syenitic rock can not, as a rule, be predicted from the

mineralogical composition of the Grenville rocks. It would seem as

if the regional dynamometamorphism and the general thermal meta-

morphism of the entire crust have been so powerful that they have

superseded the individual contact effect of any particular syenite

body. On the south slope of the Black mountain one may walk for

nearly a mile through Grenville marble and diopside quartzites which

here form the floor of a sill of syenite, and nothing indicates the

proximity of this rock until one stands before the first exposure of

the intrusive rock. Large inclusions of marble lie in normal syenite

near the base of the sill. No alterations, as reported by F. D. Adams
(’10) from the Haliburton and Bancroft area, have been found. The

contacts of the marble inclusions are perfectly sharp. On the other

hand, the development of lenticular amphibolites in the syenites shows

no relation whatever to the proximity or absence of Grenville

rocks. At two localities, however, typical contact rocks have been

found which may be described briefly.
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1 Scapolite rock, main highway on the west shore of the Hudson,

where the road crosses the 1500 feet contour line. Between pre-

sumably normal Grenville marble below (not visible in the cut) and

a syenite sill above, a road cut exposes some 20 feet of a medium-

grained, well-foliated lime-silicate rock. Megascopically, one can

distinguish white quartzose, brown garnetiferous and green diopsidic

layers. Under the microscope the rock is composed of scapolite,

diopside, microcline, garnet, calcite and quartz. The scapolite, the

commonest mineral, is somewhat sericitized, and the largest grains

have been completely altered into sericite and chlorite. Rows of gas

bubbles in quartz grains pass without change in direction into adjacent

scapolite grains and traverse calcite which is interlocked with the

scapolite, but are interrupted by secondary calcite. Where such lines

pass through diopside, they cause fine cracks along which the crystals

are serpentinized. The rock structure is typically crystalloblastic.

2 Garnet rock near Kettle mountain. Along the undersurface of

a few syenite sills, small but comparatively rich accumulations of

garnet have been found. The rocks are composed of amphibole and

carry large round or oval crystals of garnet. The largest mass of

garnet was seen on the south side of the Hudson, one mile southeast

of the letter “t” (Kettle Mfi). A cliff exposed one single crystal,

three feet in diameter, of spherical shape. Additional small, but

apparently highly concentrated garnet masses occur along the floor

of the Kettle Mountain sill, and perhaps the garnet rocks on the

south slope of Rise 2221, Black mountain, belong to this type. The
intense and minute foliation near the floor of the sills indicates that

the floor has stood under higher pressure than other parts of the

crust during the intrusion of the syenite sills
;
and as the large garnet

crystals seem to be restricted to the floors of syenite sills, it may
be that the Grenville rocks have crystallized here under greater pres-

sure than elsewhere. Under such conditions the mineral garnet is

more stable than pyroxene, according to V. M. Goldschmidt (’22),

and the crystallization of these rocks under high pressure would

suggest a process similar to the formation of eclbgites, according

to the same author. Whether the amphibolite which surrounds the

garnets has resulted from reactions between syenite and marble

(comp. Barth ’30, p. 224), or whether the Grenville formation here

just happened to contain some amphibolitic lenses, could not be

decided.

Basic dikes. Eight dikes have been located in the quadrangle.

Even the freshest specimens proved to be strongly altered. The
texture is t)q)ically diabasic, laths of labradorite forming the network,
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and augite, hornblende and ores the matrix. A dike a little south

of the garnet pit of the American Glue Company has phenocrysts

of labradorite one-half of an inch across (figure 22).

STRUCTURAL FEATURES

All rocks of the quadrangle, with the exception of the basic dikes,

may, and generally do, show a distribution of their minerals along

parallel lines or parallel planes. On the surface of the parallel

planes may be seen, in addition, parallel lines or streaks of minerals

(like a blackboard on which parallel streaks are drawn). Minerals

in parallel planes have been observed most generally in the Adiron-

dacks ;
the geological name of this structure is “foliation.” Minerals

in parallel streaks or lines have not been recorded often
;
the geological

name of this structure is “flow lines,” or “linear parallelism,” or

“linear stretching,” and the terms “pitch” or “pencil structure” are

also in use. Since the reconstruction of the flow movements of the

syenite magma largely depends upon a careful survey of these flow

structures, their origin and general appearance in the field will be

discussed in this chapter, and on page 50 the flow structures of the

Grenville sediments will be taken up.

Foliation. The structure has been described from all quadrangles

in which the Precambrian rocks outcrop. Smyth (’94), Ailing

(’24) and W. J. Miller (T6) have discussed the origin of the folia-

tion. Smyth and Buddington (’26) have recently presented an

admirably comprehensive study of the structure.

In accordance with other geologists, the writer considers

the foliation of the intrusive rocks a structure due to the

differential flowage and movement in the magma during a stage when

it contained appreciable proportions of solid crystals. Without ex-

ception, the orientation in space of the planes of foliation depends

upon, and reproduces faithfully, the position of a relatively stationary

plane or wall along which the semimolten magma has been flowing.

If no complications interfere, the foliation planes will arrange them-

selves parallel to this bordering wall.

Foliation is recognized in the field because the individual layers

differ in the proportions in which the minerals are present. One
layer may be black because of abundant biotite or amphibole, another

one will be light colored because feldspar and quartz prevail. In

certain cases the mineral garnet may predominate in some layers,

rendering them red or brown. The reason for the accumulation of

minerals in layers is a problem of hydromechanics. The process

begins with the local clustering of solid mineral grains which until
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then were floating isolated in the magma. Because of the inter-

granular friction, crystals which have touched one another will in

general continue to float together rather than separate again, and

the surface friction of the cluster will thereby be decreased. As

soon as such a mineral cluster assumes a shape other than spherical,

that is, if a mineral cluster is elongated in any direction, it will

immediately orient itself so that the direction of elongation parallels

the stationary wall along which the liquid flows. If prismatic or

discoid crystal grains deviate from this direction, a rotational move-

ment ensues which comes to rest only after the grain has resumed

its equilibrium position. The mechanics of this principle have

been often examined, and handbooks of hydro-mechanics contain

detailed information. The writer has discussed the process with

Professor A. Klemin, head of the Department of Aeronautics of

New York University, who assured him that the same problem is

met in air currents and is one of the most important principles

which governs the stable position of airplane wings in the air. The
writer has made several experiments with plates of metal which

were suspended in a strong laminar air current in the wind tunnel

of the Department of Aeronautics, and the tendency of the plate

to orient itself parallel to the nearest wall was apparent.

It is more difficult to explain the prevalence of one or the other

mineral species in the individual layers. Although experiments

which the writer intends to make are not yet far enough advanced

to decide the question, he is inclined to think that the specific form

resistance of the various minerals is of primary importance. Mica

flakes, for illustration, are extremely smooth and offer compara-

tively little resistence and surface friction to the particles of liquid

that move along their surfaces. Prisms of hornblende are smooth

along the prismatic faces but are terminated by blunt endings which

must cause greater friction than the very thin edges of mica. Square-

shaped crystals of feldspar seem to equal amphibole in their form

resistance, and quartz crystals, if early enough crystallized to float

with the other minerals, may cause considerable friction because of

their irregular shape. Other things being equal, a grain which causes

little surface friction in the molten magma, will be conveyed in the

time unit by the local current a comparatively great distance, whereas

a mineral grain with great surface resistance will move slower and will

thereby stay behind the other. Out of the innumerable mineral

clusters which have originally formed, those would then be the most

stable ones which are composed of minerals whose surface friction

allows them to move at about the same rate. Clusters of unequal
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composition are liable to break apart. This differential movement
will favor the growth of layers of uniform composition, but uniform
in the sense of uniform surface retardation and uniform rate of

motion rather than uniform mineral composition. Both features,

however, coincide closely in nature.

In harmony with this tentative explanation of monomineralic

layers is the fact that the separation in nature is most perfect where

the differential movement of the magma was most intense, namely in

constricted zones through which the liquid with the suspended crystals

had to pass. It is also in agreement with the fact that the minerals

of the layers are always the normal constituents of the respective

rock. In gabbros the layers are composed of labradorite or pyroxene

or hornblende, in the anorthosite of labradorite or garnet or pyriboles

and ore, in the syenite of hornblende or biotite or quartz and feld-

spar. The nature of the nearest Grenville sediment, whether marble,

quartzite, amphibolite or mixed gneiss, is never reflected by the

mineral composition or the distribution of the flow layers, and the

writer does not know of a single clear case in the quadrangle where

such layers could be proved to have originated from the assimilation

or chemical alteration of Grenville sediments.

Flow lines. J. C. Martin (’i6) is apparently the only geologist

who has mapped systematically the linear parallelism in the field.

The importance of this structural feature for the reconstruction of

magma movements has been demonstrated in recent years by H. Cloos

and his collaborators (’28, ’27, ’21). The mineral streaks in the

syenite are composed of amphibole, augite and biotite (figure 23) ;

those in the border phase anorthosite of garnet, augite, hypersthene

and iron ores ; the ones in the gabbros of augite, amphibole, garnet

and biotite. Small amounts of other minerals may be found in addi-

tion. Figure 24 may be compared in this connection, although it is

not from Newcomb quadrangle. The streaks average one to two

inches in length and seldom grow thicker than one-quarter of an

inch. The longest streaks were observed on the south shore of the

Hudson, just west of Kettle mountain (figure i). Here they measure

more than 40 feet in length. Planes normal to the flow lines show

a massive, nonfoliated rock. Flow lines are commonly spaced within

one or two inches from each other. Where the rock shows evidence

of intense, primary deformation, however, the streaks are closely

spaced, like the closer spacing of flow layers in such exposures.

In foliated rocks the flow lines will be found only on the foliation

planes. Nowhere in the Adirondacks has the writer seen flow lines

which would traverse across the planes of foliation. The surface
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of a flow layer api>ears streaked with dark lines, and if it happens

that the foliation is poorly developed but the flow lines show up

strongly, the streaks may be mistaken for the intersection of the

foliation with the exposed rock surface. Under the microscope the

parallelism of the minerals within the individual streaks appears to

Figure i Vertical cliff of syenite,

south shore of the Hudson, below Blue
ledge. The horizontal parting is caused
by long parallel streaks of mica and horn-
blende ,• at right angles, the rock is wholly
massive.

be very imperfect, no matter how sharp and well defined the flow

lines may be. The shape of the various minerals, whether isometric,

prismatic or flaky, determines the quality to some extent. In biotite

streaks the parallelism may be perfect, in hornblende-bearing flow

lines the parallelism may be suggested fairly well, but augite, garnet

and magnetite never indicate the direction of elongation within the
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small range of a thin section. Thus the arrangement of the minerals

in parallel streaks is often a structure of an order beyond the range of

thin sections. Likewise, the orientation of the individual streak

is often independent of the crystallographic orientation of the con-

stitutents. The latter may lie at random within definitely oriented

flow lines. On the eastern spur of Whiteface mountain (Lake Placid

quadrangle) there are mineral streaks in the border phase anorthosite

where the individual crystals, mainly garnet, lie as far as two inches

apart. The streaks are perfectly straight for over i8 feet, and may
exceed 30 feet in total length.

These questions arise: Under what conditions was foliation de-

veloped in a congealing magma; under which conditions was linear

parallelism developed
; and under what conditions have both folia-

tion and flow lines developed?

The writer clearly recognizes that a satisfactory answer is impos-

sible and, indeed, too involved for the purpose of this report. For

practical purposes, and so far as the Adirondacks are concerned, a

simple interpretation may be this : If magma moved along a retard-

ing surface which was approximately even, and if the rate of move-

ment along the wall was approximately the same in all directions

parallel to the wall, foliation only would have resulted. If magma
moved along a retarding plane which was not even, but very irregular,

indented and locally interrupted, and especially if irregularly formed

walls surrounded a round, chimneylike passageway, then the

magma would develop flow lines only which would arrange

themselves approximately parallel to the axis of the passageway

because this is the direction in which the magma has been most

strongly elongated. The mechanics of this case are well understood

and have been recently analyzed mathematically and experimentally

• by W. Riedel (’29). See also H. Cloos (’27; ’28, p. 7). If, finally,

magma moved along an even surface, but if the rate of movement in

one direction was appreciably greater than in all other directions,

then both foliation and flow lines would have originated. The latter

will point in the direction in which the movement of the magma was

fastest. In every case the flow lines indicate the longest axis of

Leith’s strain ellipsoid (C. K. Leith ’23, p. 21). It may be noted

that flow lines are common in lava flows where they also indicate the

direction of maximum elongation of the molten lava. The writer

has seen good exposures in the Blue hill complex near Quincy, Mass.,

and has mapped the structure in the rhyolite plugs of the Mono
craters in eastern California whose geology has been described by

I. C. Russell (’89). The same principle governs the arrangement of
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logs floating on the surface of swiftly moving streams. Out of over

240 logs which the writer has counted in a day in the Raquette river

as they floated over the rapids of Raquette falls (Long Lake quad-

rangle), only 38 were oriented with their axes across the river,

although the turbulence of water in rapids is great. Air bubbles in

glass are likewise linearly parallel and are, indeed, actual models of

the strain ellipsoid. In every instance the linear parallelism of the

suspended particles represents a position of kinetic equilibrium

which is attempted under any conditions, though with unequal

perfection.

There are many exceptions from these rules because the con-

.rolling factors have in some cases been complicated
;
the controlling

agencies may have changed directions in time, or their relative

power has changed in time.

Both the foliation and the flow lines are primary structures, that is,

have originated during the time of the final magma consolidation, and

not later. Although Smyth and Buddington have already cited most

of the criteria which prove this, there are a few additional ones

which may be briefly mentioned.

The two structures form a flowage picture of such extremely

complicated nature in the Adirondack mountains that only a molten

liquid which is locally deflected in its directions of advance could

possibly produce a structural setting of this character. Moreover,

significant centers in this flow picture always coincide with a par-

ticularly large igneous unit. Thus the central mass of anorthosite

causes a beautififl domelike arrangement of the foliation all along

its border zone. Gabbros, on the other hand, cause persistently basin-

like depressions of the same structure. The flow lines are likewise

arranged in such a characteristic fashion that only the local elongation

of the flowing magma can account for it. A detailed paper on these

flow structures and the origin of all the igneous rocks in the central

Adirondacks is in preparation, and a summary of results will be

found therein (Balk ’30).

The exact time when the foliation and flow lines originated can be

brought into relation with the magmatic differentiation. In the

syenite series both structures were definitely developed before the

syenite magma produced pegmatites and before myrmekite was
developed. A description of the conditions in the road metal quarry

on the highway one-half of a mile north of Twenty-ninth pond will

illustrate this.

The dark green rock is made up of orthoclase, microperthite,

amphibole, biotite and quartz. The well-developed foliation dips
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gently to the north. The flow lines strike west-northwest, pitching

at low angles in this direction. Parallel with the foliation there are

lenses of a rock which is mineralogically identical with the foliated

syenite but notably coarser so as to suggest a very slight change in

the magma (probably an increase in mineralizers : cf . Ross, ’28, p.

870). The important point is that many of these coarse-grained

rocks break at right angles through the foliation and the flow lines

of the syenite (figures 2 and 3). The cross-cutting veinlets measure

up to a foot in length and up to an inch in width. Their minerals

are neither foliated nor linearly arranged. Foliation and flow lines

were therefore produced in the syenite before the little crevices

gaped. They have been filled, however, with magma that is mineral-

ogically identical with the syenite. Furthermore, the foliation of

the syenite near the cross-cutting veinlets is often flexured so as to

indicate a plastic adjustment of the congealing syenite to the

stress which opened the cracks. Like the normal syenite, the cross-

cutting veinlets show myrmekitic intergrowth of quartz and oligo'-’

clase which makes the foliation, flow lines and the opening of the

cross veinlets older than this typical deuteric process (figure 25).

Although of essentially the same age, the flow lines have con-

tinued to form after the foliation was completely developed. In-

stances will be cited below.

STRUCTURAL FEATURES IN THE GRENVILLE ROCKS

In 1842 Ebenezer Emmons (’42, p, 45-51) described exposures of

Grenville marble which showed the rock breaking through the folia-

tion of granitic gneisses. He considered the marble therefore an

igneous rock. On the west slope of Black mountain (Ausable

quadrangle), there are exposed in a long and steep escarpment Gren-

ville sediments at the bottom and dark syenitic rocks at the top.

The underlying marble traverses the overlying somber colored syenite

at least in six places in the form of dazzling white vertical dikes,

up to 15 feet thick and extending at least for 30 feet up into the

igneous rock, across the foliation. Like artificial columns, the marble

dikes decorate this unusually interesting cliff and can be recognized

from a great distance. Other marble dikes were seen in anorthosite

of Split Rock mountain (Port Henry quadrangle). The occurrence

of a sedimentary rock in such a fashion leaves no doubt that it has

gone through a stage of mobility comparable to that of a dough,

paste or viscous mass. Such views are expressed by Smyth and

Buddington (’26, p. 12), F. D. Adams (To, p. 196), W. G. Foye
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Figure 2 Surface of a foliation plane in syenite; quarry on the main high-

way, one-half of a mile north of Twenty-ninth pond. The flow lines strike

east-west. They are crossed by somewhat coarser grained veinlets of syenite.

Some of them are connected with flexures of the flow lines, showing that
the rock had not yet consolidated entirely when these crevices opened. The
minerals in the veinlets are not deformed, which indicates that the foliation

and the flow lines originated prior to the injection of the cross-cutting veinlets

of syenite. The figure shows three phenocrysts of labradorite; the flow lines

conform to their outlines like stream lines. Horizontal plane, 6 by 6 feet.
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(’i6, p. 789), M. B. Baker (’23, p. 6-7), Smyth (’95, p. 265), New-

land (’16, p. 145) and Kemp (’95, p. 248).

In view of this doughlike plasticity (the term “fluidity” is here

avoided for physico-chemical reasons) of the Grenville marble, the

mode of movement of this rock can not be compared without reser-

vations Avith the deformation of normal solid strata. This should

be borne in mind when the nature of folding in this rock is examined.

In the writer’s experience, folds of appreciable size are rare in the

Grenville marble even where exposures are satisfactory. To this

extent he agrees fully with W. J. Miller (’16, p. 588-93). But the

conclusions which have been drawn from this scarcity of visible

folds seem to the writer misleading and at variance with other obser-

vations. In the writer’s opinion, lack of visible folds in the Gren-

ville marble corresponds to the absence of folds in moving glaciers,

lava streams, in sliding mud, flowing water or air. In all these

cases the material is highly mobile but utterly incompetent, and the

individual particles are unable to transmit stresses over great dis-

tances without mutual displacement. These substances change their

form by glide movements of thin lamellae, and these lamellar dis-

placements are not apt to leave behind visible structures. For the

same reason folds in igneous rocks are scarce, although it is obvious

that the magma has travelled over considerable distances. The
marble in the dikes at Black mountain is perfectly massive, and no

folds indicate the flow of the paste in the crevices. On the other

hand, solids which were suspended in the marble, either single

crystals of graphite, quartz, garnet, diopside, or fragments of

such rocks as were in a potentially solid state, are liable to cluster

and aggregate for mechanical reasons very similar to those which

cause the foliation in the syenite (p. 24). In this way thin layers

of graphite are frequently formed in the marble, or little lenses of

quartz and diopside. Fragments of quartzite and amphibolitic layers

join to form continuous zones in which they are enriched. These

flow structures give rise to a kind of pseudo-stratiflcation which has,

indeed, been mistaken in some places for the original stratification of

the Grenville marble due to deposition. As Cushing (’25, p. 55-61)

has sufficiently emphasized, and as innumerable observations show,

this parallelism is the final result of excessive deformation of

a plastic material. Cushing considers the parallel layers limbs of

isoclinal folds
; but where the writer has seen Grenville exposures the

apexes of such folds have in most places been blotted out past

recognition, and the noncommittal term “flow layers” or “flow planes”

would seem to be more appropriate.

2
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The writer has not seen the Grenville formation at the type

locality in Quebec, nor the exposures in the western Adirondacks to

which Cushing has reference, and it is, of course, possible that the

marble in these regions has not been rendered as plastic and has

not been deformed as completely as in the central Adirondacks. But

that the marble here has behaved like a plastic dough can not be

doubted.

Several features of the marble are in agreement with this view.

Supposing the Grenville strata had never been folded, but their

gentle dip, so characteristic for the formation in the Adirondacks,

represents the original stratification, it would then be very difficult to

explain why those folds which one does see in the rock are almost

without exception drawn-out isoclinal folds. Compare figures 4 and

26. One would expect gentle, open folds.

Another criterion : In outcrops where the Grenville marble exhibits

straight parallel layers, the amphibolitic or quartzitic fragments in it

may be vigorously folded (figure 5). Since the mechanical and

thermal resistance of these rocks is much greater than that of the

limestone, it means that the marble has passed through the stage

of isoclinal fdiding long before the quartzite and amphibolite. While

the latter have been deformed into picturesque folds, the marble must

have developed its now visible pseudostratification, and the original

relations between calcareous, arenaceous and marly layers are com-

pletely obliterated now (figure 6).

A third argument: The quartzose and amphibolitic layers are

strongly stretched, and the flow lines coincide with the axes of their

isoclinal contortions. The surrounding marble, however, may show

no trace of linear parallelism and its occasional folds may, or may
not, coincide with the folds of the other rocks. This demonstrates

not only that the deforming forces in the Grenville formation were

of such an order that the minerals of the mechanically most resistant

quartzites and amphibolites were drawn out, but it shows also that

the marble during the same stage has flowed in somewhat inde-

pendent directions, and that the calcite crystals have not recrystal-

lized until after the complete cessation of the deforming movements.

If solid blocks of quartzite are drawn out into streaks and threads

several feet long, the marble must have been deformed ever so

much more. Its form of reaction in this advanced stage, however,

happens to simulate quiet, undeformed conditions. As early as 1878,

A. Heim (’78), in his study of the mountain making of the Alps,

analyzed the physical and mechanical principles involved in the

simultaneous deformation of competent and incompetent strata.
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Here, as well as in other mountain ranges where the orogenic forces

have been violent, the most strongly deformed rocks are character-

ized by scarcity or absence of folds.

In conclusion it may be said that, so far as the present quadrangle

is considered, the foliation both in the intrusive and sedim.entary

rocks is a flow structure which has been developed at approximately

the same time. In the syenite, the foliation planes arrange themselves

Figure 5 Isoclinally folded amphibolite in Grenville marble. Deer Creek val-

ley. Vertical plane, 6x2 feet. The rock is overlain and underlain by horizontal

layers of marble which show no folding.

in response to the retarding walls of (plastic) Grenville sediments

along which the magma has flowed. In the Grenville marble, the

suspended solid crystals other than calcite have been conveyed into

subparallel layers during the stage of flowage of this rock. That this

parallel structure indicates the original stratification of this rock

due to deposition is highly improbable. The layers of isoclinally

folded fragments of quartzite and amphibolite, however, may repre-

sent the original strata.

STRUCTURAL GEOLOGY
The regional arrangement of the flow structures in the Newcomb

quadrangle will be described in this chapter. This implies a study

of the form of the intrusive rocks, especially the bodies of syenite.

The most important flow structure which helps to reconstruct their

form is the foliation, whereas the directions of their movements are

seen from the orientation of the flow lines.



GEOLOGY OF THE NEWCOMB QUADRANGLE 37

Figure

6

Fragments

of

quartzite

in

Grenville

marble,

drawn

out

while

the

rock

was

in

a

highly

plastic

co/idi

tion

and

suggesting

the

last

stage

of

an

isoclinal

fold.

Horizontal

plane,

10x5

feet.

Two

miles

east

of

Newcoint



38 NEW YORK STATE MUSEUM

THE SYENITES

Form and foliation. One may distinguish in Newcomb quad-

rangle two areas in which the syenites appear in a different form:

( I ) the northern half, or the massif of syenite, and (2) the south-

ern half, or the syenite sills.

I The massif of syenite extends in a west-northwesterly direction

from Groodenow mountain and Joseph mountain in the northwest to

Kays hill and Twenty-ninth pond in the southeast. Within this

broad zone, syenite is the sole bed rock. In this belt of syenite

(which continues beyond the quadrangle boundaries to the north-

west) the foliation strikes west-northwest-east-southeast and dips

steeply to the southwest; compare figures 7 and 42. The rock thus

resembles a huge plate which is steeply tilted to the southwest (dip

angles average from 60° to 85°).

In the northeast the syenite belt rests on the cupola-shaped outer

border of the Adirondack anorthosite, and the massif of syenite itself

represents the outermost shell of the cupola. The actual contact of

the two rocks is concealed by glacial till and river gravels, but from

the strike of the foliation it is inferred that the contact plane is

slightly corrugated. Between Harris lake and Newcomb lake, for

instance, the foliation of the syenite forms a syncline whose axis

pitches to the southwest which indicates that the border of the anor-

thosite forms a reentrant here. Compare figure 40.

East of Tahawus post office a large gabbro appears on the boundary

zone between the anorthosite and the syenite. This is the westernmost

one of the group of gabbros which appear in the same structural

position in the Schroon lake quadrangle. The superposition of the

syenite on another smaller gabbro in the bed of the Hudson is

exposed in a series of cliffs southwest of Tahawus post office.

Along the eastern margin of the quadrangle the strike of the folia-

tion is variable, and the dip is in places very gentle. The border

of the anorthosite swerves here to the southeast (in the adjacent

Schroon lake sheet) and dips more gently to the west, and this is

considered the reason for the change in the foliation of the syenite.

The southern border of the syenite massif is of more than local

importance because of the very significant changes in the dip of

the foliation. If one goes southward in the area between the Hudson

and Boreas rivers he finds that the southward dip of the foliation

becomes steeper and steeper until it stands perpendicular. Still

farther south, the dip turns to the north and, at the same time, Gren-

ville sediments emerge below the syenite, first as a few isolated lenses,

then as a continuous belt. This marks the southern end of the
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syenite massif. Wherever the rock outcrops beyond this zone it

forms isolated sills in the Grenville formation, and not a continuous

massif. The syenite sills dip in general to the north or northeast.

The southern border of the syenite massif can be traced westwards

to Frank pond. Farther west, the zone splits and swings around

the Chain lakes block (see p. 47). On figure 40 only the south-

ern branch has been shown. The northern prong may be fol-

lowed just south of Goodenow river. The zone of vertical foliation

passes the mouth of Goodenow river and extends westward to

Joseph mountain. The zone continues in the Blue mountain quad-

rangle, farther west, for some ten miles to within one mile south-

east of Blue Mountain lake.

The eastward extension of the border zone becomes complicated

east of the Boreas river but seems to be traceable for some distance

in the Schroon Lake sheet, next to the east.

2 The sills of syenite in the southern half of the quadrangle dip

gently to the north. Field observations show that they are all con-

formably inserted in the Grenville sediments, so far as the latter

have visible flow structures.

Shape of the sills. Most of them are lenslike and elongated in

west-northwest. The contact relations of the sills have been care-

fully studied. In the present quadrangle not less than 71 floors are

exposed where syenite rests on Grenville sediments. The accom-

panying table illustrates this.

Contact Relations of the Syenite Sills

Southward dip: 14% Northward dip; 86%

Dip angle of contact

Upper contact, igneous
rock below sedimen-
tary rock

Number of observed
contact exposures

Floor, igneous rock
above sedimentary
rock

Number of observed
contact exposures

II (44%)
10 (40%)
4 (16%)

37 (52%)
27 (38%)
7 (10%)

3I®-6o'’

61 "-go®

Total 25 (100%) 71 (100%)

In all syenite sills or sill-like outliers in the southern half of the

quadrangle, the rock is foliated parallel to the strike and dip of the
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contact plane. No exceptions to this rule have been found. The
foliation therefore dips in general to the north-northeast at gentle

angles and changes only if the corresponding contact planes change

their strike and dip.

These facts allow a few general conclusions

:

1 Gently dipping foliation in a gneissoid igneous rock does not

necessarily indicate that one stands near the roof of the intrusive

mass, for one may be near the floor.

2 A sill-like form, especially a conformable floor, is most probable

for any well foliated intrusive rock. This has been long recognized

in other regions, but must be stressed in view of contradictory

statements in the literature concerning the shape of the Adirondack

intrusives.

Description of syenite sills. Northward dipping sills. Precipi-

tous cliffs of pink granitic syenite crown the north shore of the

Hudson river, west of the Boreas river (compare profiles 14-18

of figure 42). Yet the river bed is everywhere carved in Grenville

marble (figure 29). If one climbs up the northern embankment he

finds the contact between the sediments and the syenite frequently

exposed. The intrusive rock rests on Grenville marble, amphibolite

or gneisses, and the boundary plane dips at 0° to 40° to the north or

northeast. The contact plane is always sharp. Here and there inclu-

sions of marble are visible within some 30 feet above the contact.

No marginal alteration or assimilation on a large scale by the syenite

was observed. The syenite is strongly foliated near the base,

irrespective of the development or absence of flow structures in the

marble. A few Grenville amphibolites near the syenite floor are

highly gametiferous.

Dutton mountain (profiles 20-23; figures 30, 31), a few miles

farther east, rises 1200 feet above the level of the Hudson. The
upper half of the mountain consists of mediiun-grained pink or gray

syenite, the lower half of Grenville marble. The floor of this sill

is exposed over a mile on both the eastern and the western slope

of the mountain. One can repeatedly lay the hand on the contact.

The boundary is again quite even, both adjoining rocks maintain

their normal composition and appearance. The syenite-granite

remains the same above marble, amphibolite or gneiss. Glacial till

and a few satellitic sills below the main sill complicate the tracing

of the floor on the southern slope.

Very impressive is the southern front of the Black mountain sills

(profiles 15-18). They rise into two large peaks, 2293 feet and 2543

feet respectively, and drop down abruptly on the southern side. At
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the foot of the cliffs the syenite rests on diopside-quartzites and

marbles which form the floor of the valley in front of the escarpment.

The contact plane dips from 22° to 50° to the north. The contact

exposures are not easily detected since the sill is accompanied by

several smaller sills below whose outcrops simulate the begin-

ning of the main body. Climbing higher up, however, one finds

Grenville rocks again (which always cause slight depressions), until

eventually the main contact is reached.

Additional sills are: Casey movmtain (profile 14). Rise 2584,

one-half of a mile southeast of Casey mountain. Rise 2363, two

miles west-northwest of Casey mountain (profile ii). Pine mountain

and some hills east of it (profiles 9-13). Rise 2235, near western

margin of the sheet (profile 3). Rise 2257, southeast corner of the

quadrangle (profiles 24-27). The contacts of some of them are

partly concealed, either by glacial drift or by talus.

Sills of southward or abnormal dip. The sills are conformable

with the Grenville foliation even where the latter dips in abnormal

directions. The sill of Blue ledge dips at angles of 22° to 32° to the

south-southwest, and is underlain by marble in the north (profile ii

;

figure 32). The Blue ledge itself, one of the most secluded scenic

beauties of the quadrangle, is the northward facing front of the sill,

towering 300 feet above the Hudson river. In the upper third of

the bluff the intrusive sheet is overlain by marble which forms the

top of the ledge.

Northeast of Blue ledge there are three or four additional south-

ward dipping sills. They, too, owe their abnormal inclination to a

local change in the dip of the Grenville strata (profiles 12 and 13).

McGinn hill is a sill in the southwest corner of the quadrangle

that dips to the northwest (profile 5).

A small sill, one mile west-southwest of Casey mountain, dips

gently to the east. The contacts of the two last mentioned sills are

concealed.

Saucer-shaped sills. In a few places the Grenville foliation forms

small local basins or elongated shallow depressions. Such structural

depressions may be occupied by intrusives whose foliation, again in

strict conformity to the wall rocks, forms synclines of concentric

strike and inward dip. All observed instances are small in diameter.

East shore of Boreas river (one-half of a mile east-southeast of

the letter “B” of “Boreas river” on the map), the main massif of

syenite projects into the Grenville rocks, forming a topographically

accentuated salient. This projection appears to be a structurally inde-

pendent unit. The foliation dips concentrically inward and Gren-



42 NEW YORK STATE MUSEUM

ville quartzite and marble were found in three exposures dipping

under the syenite (profile 17).

Two saucer-shaped sills are just east and south of Blue ledge pond.

The eastern body measures 60 (east-west) by 300 (north-south)

feet, having an exposed height of about 60 feet. The southern one is

a little smaller. In both cases, the dip angles of the foliation do not

exceed 5° to 32°. The eastern sill outcrops in a series of picturesque

cliffs of minutely foliated syenite amidst the dense forest.

The northeastern corner of the Black mountains is composed of a

narrow synclinal, spindle-shaped sill of syenite whose axis strikes

west-northwest. The northern and southern flanks are underlain by

Grenville strata (profile 18).

Proportions and downward continuation of the sills. The thick-

ness of most sills can be determined satisfactorily. Only the lateral

extension is hard to calculate, since the Grenville rocks easily escape

detection in the forested country, and since both drift and syenite

outcrops tend to strew the slopes with boulders. The writer is aware

that he may have exaggerated the lateral extension of some sills on

the map at the expense of the Grenville formation.

There seems to exist a general proportion between the thickness of

a sill and its length parallel to the strike of the foliation, and this

mutual dependence is reflected by the length of the ridges or moun-

tains parallel to the foliation. That the lateral ends of sills may
coincide with the ends of ridges is seen at Dutton mountain, in the

Black mountains, the sills of Rises 2257, 2584 and others.

Some of the sills are long and thin, like the Kettle Mountain sill

with its east-southeastward continuation across the Hudson; Pine

mountain and eastward extension; Rise 2120 on the southern margin

of the quadrangle. Others are apparently thick and of shorter lateral

extension, like Rise 2584; Casey mountain and possible connection

with Rise 2363 ; the complex north of Bullhead pond, on the western

margin of the sheet. Still others have originated either by coales-

cence of several smaller sills, or by being inserted into a confused

system of Grenville rocks so that they grew somewhat irregular

(Venison mountain with connection to Dutton mountain and Rise

2169; I^ise 2120, one-half of a mile east-southeast of the letter “B”

of “Boreas river”
;

intrusives northwest and northeast of Black

mountain ponds; Bad Luck mountain and hills to the west).

The correlation between thickness and lateral extension of the sills

involves also the question of the downward continuation. If the

sills are limited in two dimensions, they will probably not extend

indefinitely in the third dimension. In other words, the sills are
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probably lenticular bodies in all three dimensions, and their communi-

cation with the massif of syenite is probably confined to narrow,

short, and perhaps locally discontinued channels. The general profile,

figure 7, has been drawn under this assumption. This conception of

the shape of the sills is supported by the following consideration.

Supposing all visible sills to coalesce downward in a comparatively

shallow depth, one would have to assume a mass wholly igneous not

far below the now exposed sills. This large body would, of course,

be the southward extension of the main massif of syenite. From
what has been said above, the foliation in this large mass would dip

to the south. A profile drawn under these assumptions should show

a syncline, but instead nature shows a fanlike structure, and in the

center of the hypothetic syncline, where the foliation should lie hori-

zontal, there extends in reality a zone of vertical foliation. Further-

more, one should expect to find the broadest and largest outliers of

syenite nearest to the contact with the main massif of syenite as they

would represent the deeply eroded foundations of the sills. The
field relations, however, do not show this.

Measurements of the dip angles in sills confirm our assumption of

a lenticular shape of the sills. If they broaden downward, the folia-

tion at the top of a sill should dip more gently than at the bottom.

Just the opposite, namely steeply dipping flow structures at the top,

and gently inclined foliation at the bottom, is found at the following

sills : Kettle Mountain sill : dip near floor, 20° to 30°
;
near the top,

50° to 60°. Black mountains, southeast: dip at the floor,
;
at

the top, 55° to 60°. Black mountains, southwest: dip at the floor,

20° to 25°; at the top, 60°. Casey mountain: Dip at the floor,

20° to 30°
;
near the top, 35° to 60°. Rise 2584: dip in the south,

probably near the floor, 18° to 20°
;
near the top on the north side,

40° to 45°. The measurements indicate that the contact planes of

these—and probably of many additional sills—converge lenslike

downward. The writer thinks that the connection between the

massif and the sills of syenite was frequently discontinued during

the emplacement of the sills because of the concomitant flowage of

the Grenville formation.

Flow lines and movement. An analysis of the flow lines, both

in the massif and in the sills of syenite, will furnish valuable informa-

tion for the question in which directions the magma moved which

now occupies the space of the syenite bodies.

I Flow lines in the massif of syenite. In the northeast, where the

massif borders against the anorthosite of the central Adirondacks,

all flow lines strike northeast-southwest and pitch persistently to the
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southwest SO that they point toward the top of the anorthosite dome.

The border phase anorthosite and gabbros in the same zone all

participate in this orientation of the flow lines. For these rocks

the anorthosite has played the role of an actively rising central dome

and the pitch of the flow lines indicates that all igneous rocks which

bordered against the anorthosite have been dragged along with the

central mass. The anorthosite, in other words, causes and directs

the flow movements of all rocks in its border zone.

It may be observed here that the Adirondack anorthosite is, in

all probability, also of lenticular shape, resembling the smaller lenses

of syenite in the quadrangle. The term “anorthosite dome” or

“cupola” is nevertheless justified, because within the region under

discussion, the anorthosite surface is curved convexly upward and

corresponds to a sector of the upper half of the lens. It is believed

that the anorthosite lens like those of the syenite dips gently to the

northeast. The field evidence
.
for the lenticular shape of the anor-

thosite is discussed in Balk, ’30.

The Vanderwhacker arch. The flow lines in the central portion

of the syenite massif do not obey the structure of the anorthosite.

They follow different directions and constitute an arch which may be

termed the Vanderwhacker arch, because Vanderwhacker mountain,

the highest elevation in Newcomb quadrangle, is the apex of the

arch. In the same apical zone lies Beaver mountain and many other

high peaks of the area. To the east of the apical zone which runs

north-northeast, the flow lines pitch eastward
;
to the west of the

zone they pitch westward. Within the apical zone the flow lines

lie horizontal or nearly so. Compare figures 39, 40 and 8.

Although the arching of the flow lines leaves no doubt about the

dynamical independence of this area from the regional doming which

the anorthosite has caused, it is of great interest that the foliation

remains the same in the entire arch, indicating thereby an indirect

influence by the anorthosite.

The eastern and western boundaries of the arch are remarkably

well defined. Vanderwhacker brook flows along the eastern border,

and from the east, exposures with different orientation of the flow

lines approach those of the arch to within one-half of a mile. The
western slope of the arch ends with equal abruptness against the

mixed area of syenite and marble between Goodenow river and

Cedar river. The westernmost cliffs in which the flow lines pitch

to the west stand on the east shore of the Hudson. On the opposite

shore, a stone’s throw away, the well-developed flow lines pitch to

the southeast. For three and a half miles the Hudson flows along
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the western, boundary of the Vanderwhacker arch, following the

structural depression between the arch and the Chain lakes complex

on the west.

The northwestern portion of the syenite massif is devoid of linear

parallelism, but the Grenville sediments in the marble belt of New-
comb show flow lines in places. The syenite north of the Newcomb
marble belt is again free from this structure.

The Chain lakes block. Although loosely connected with the main

massif of syenite, the flow lines in this area are sufficiently inde-

pendent to justify its structural separation. Between Chain lakes

and the Hudson, the flow lines strike uniformly northeast-southwest

and pitch to the northeast at 20° or 30°. The same orientation

prevails in the area between Chain lakes and Joseph mountain,

whereas north and south of the Chain lakes marble the linear paral-

lelism pitches to the east or northeast. It is worth noticing that the

structural border zones of the Chain lakes block are accentuated by

the courses of larger rivers (Goodenow, Cedar and Hudson rivers),

exactly like those of the Vanderwhacker arch on the west and east.

The flow of magma in the syenite massif. The structural features

described allow us to reconstruct with a fair degree of accuracy the

flow of magma which has resulted in the now visible pattern of

primary flowage. The main magma reservoir, which has furnished

the syenite, lay to the northeast of the quadrangle, and is practically

identical with the area now occupied by the anorthosite. From
observations in other quadrangles it is apparent that in this magma
chamber the labradorite crystals gathered and stayed behind whereas

the mother liquor, which is represented by the syenite, continued to

move outward in a general direction obliquely upward to the south-

west. Large crystal grains of labradorite were frequently dragged

along by the escaping mother liquor, and they may be seen in the

rocks south of Aiden Lair, for instance in the road metal quarry north

of Twenty-ninth pond (see p. 31). The flow of mother liquor

outward from the crystal chamber (anorthosite) must have

been arrested and greatly retarded by the Grenville sediments which
formed the earth’s crust in front of it. On the other hand, the

anorthosite massif has grown in volume by the accretion of addi-

tional crystals of labradorite throughout a long period of time
;

it

is this growth of the anorthosite massif, comparable to the inflation

of a gas bag which probably has caused the domelike form and radial

stretching of its border. The immense volume of syenite liquor expelled

from the interior of the anorthosite has been sandwiched between

the dome-shaped, southwestward facing front of the anorthosite mass
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on one hand, and the Grenville formation in the southwest on the

other. Hence the uniform northwesterly strike and southwesterly

dip of the flow planes
;
they are due to the horizontal compression

in northeast-southwest and the southwesterly slope of the anorthosite

dome. The Vanderwhacker arch, however, represents a small inde-

pendent mass in the syenite which, according to the arching of the

flow lines, has had a stronger tendency to move upward than the

rest of the surrounding magma. It is highly probable that this

movement was caused by some projection or offshoot of mother

liquor from some deep-seated portion of the anorthosite, and this

assumption is strongly supported by the appearance of labradorite

bearing rocks on the eastern slope of Vanderwhacker mountain which

resemble border phase anorthosite. They seem to form the core

of the arch.

In the Chain lakes area the syenite encountered a large block of

Grenville marble. The magma, flowing upward to the southwest,

has dragged it along, together with the other marble block of Good-

enow river. The magma current has risen here at average angles

of 25°.

2 Flow lines in the syenite sills. With one single exception, the

flowage in the syenite sills in the southern half of the quadrangle

is recorded by an entirely different pattern of flow lines. It is of

great interest, however, that the movements in both regions can be

explained as components of one and the same force.

In the syenite sills in the southern half of Newcomb quadrangle,

the linear parallelism strikes uniformly west-northwest. The pitch

is very gentle. The foliation and the flow lines therefore strike

commonly parallel.

Sills like Dutton mountain. Black mountains. Rise 2584, or basin-

like sills have a saucer-shaped floor which is respected by the pitch

of the flow lines, but the projected strike of the flow lines remains

constant, west-northwest. In such sills the flow lines will run either

parallel with the strike of the foliation, or with the dip of the folia-

tion, or may show intermediate angles on the flow planes, depending

on the location of an exposure with reference to the center of the

basin.

In the sill of Rise 2235 which lies south of the Chain lakes block

of syenite, the flow lines strike northeast, like those of the Chain

lakes syenite. As a sill, this outlier of syenite belongs to the igneous

bodies with northwestward flow lines, but it shares the direction of

the flow lines with a portion of the syenite massif.
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The flow of magma in the syenite sills. The syenite massif must

be looked for as the magma source of the syenite sills. They merge

with it and dip constantly towards it. From here the syenite must

have ascended obliquely upward to the southwest, intruding into the

Grenville formation. Friction and retardation along the walls of

marble and quartzite have caused the northeasterly dip of the folia-

tion in the sills. But the west-northwesterly strike of the flow lines

is a surprising feature and of considerable interest for the interpreta-

tion of the mechanics of the syenite invasion. It means that the

entire crust with the consolidating syenite sills has been drawn out

horizontally in west-northwest. Any imaginary spherical volume of

syenite magma in one of the sills has been deformed, during the

course of the intrusion, into a spheroid whose longest axis lies hori-

zontal in west-northwest
;
the intermediate axis points at gentle angles

downward to the north-northeast
;
the smallest axis stands normal to

the foliation, that is, points steeply downward to the south-southwest.

Thus the crust has yielded to the intrusion of the large masses of

magma principally by peripheral distension, to some extent by

elongation radially outward from the magma center, and least by

yielding upward. The only exception is the sill of Rise 2235, where

the distension to the southwest obliquely upward was most intense;

or, in other terms, where the longest axis of the strain ellipsoid has

this orientation.

Comparison of the flow of magma in both syenite belts. The con-

trast between the two areas is very sharp : In the northeast all flow

structures can be referred directly to the doming of the anorthosite,

the simultaneous ejection of the syenitic mother liquor from this

magma chamber and the adjustment of this expelled magma to the

available space. Irregularities in the surface of the anorthosite or

local offshoots of magma cause minor irregularities in the configura-

tion of the flow structures (synclines, arching flow lines).

In the southern Grenville belt, however, the available space for

the syenite is prescribed by the local structure of sedimentary rocks.

The magma follows the most persistent glide planes (perhaps strati-

fication planes originally), and the entire crust, both igneous and

sedimentary material, yields slowly in a horizontal direction in north-

west-southeast to the advancing magma. The movement resembles

the yielding motion of asphalt in front of a roller. The source of

the magma is thus the same for both regions
; but while the magma

has made room for itself in the north, it is compelled to insert itself

in the south into the Grenville sediments along innumerable narrow

channels which it bulges out into lenticular chambers. These are

the individual sills.
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THE GRENVILLE SEDIMENTS
Shape of the Grenville blocks. In the northern and northwest-

ern portion of the quadrangle isolated blocks of Grenville sediments

are included in the syenite. They lie everywhere conformable with

the foliation of the local syenite, and their orientation may be seen

in the profile series.

In the southern half of the sheet, however, the Grenville forma-

tion outcrops continuously and must be considered the predominant

bedrock, although time and again pierced and deflected by the

syenite sills.

Foliation in the Grenville sediments. In the south the foliation

planes of Grenville sediments dip in general to the north-northeast.

Four minor anticlines and synclines have been recognized: (i) Anti-

cline on north shore of the Hudson, between Huntley pond and Blue

ledge. The axis strikes west-northwest, dip angles on the flanks

from 30° to 60°, horizontal in the center. Width of the anticline

one and one-tenth miles. (2) Syncline northeast of Kettle moun-

tain. The axis runs northwest-southeast, dip angles 40° to 70°,

width one-half mile. (3) Syncline on west shore of Boreas river,

between Hotwater pond and Northwoods club. The axis runs

west-northwest, dip angles from 75° to 25°, width from the axis

to the northern border seven-tenths of a mile. (4) Syncline east

of Venison mountain, near eastern margin of the quadrangle. Axis

strikes west-northwest, dip angles from 40° to 10°, width a little

less than one-half of a mile.

These anticlines and synclines can not be compared with open

folds of slightly deformed sediments, because the individual layers

which constitute the limbs of these folds show commonly recumbent

folding on a smaller scale, indicating that the anticlines and synclines

are superimposed on the ordinary semiplastic deformations.

Flow lines in the Grenville sediments. The flow lines in the

Newcomb marble belt strike irregularly. The prevailing direction

is northwest-southeast, the pitch in the latter direction, at fairly

steep angles.

In the southern half of the quadrangle the average strike of the

linear parallelism is west-northwest, like the same structure in the

syenite sills. Owing to the more irregular composition of the rocks

and the more variable orientation of the foliation, however, the flow

lines vary more than those of the syenite sills. In no case do the

flow lines of the Grenville sediments show any deflection from the

regional strike where the rock approaches a sill of syenite. The

flow lines pay no attention, so to speak, to the nature of the rock,
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whether sedimentary or igneous.' This is not surprising since both

rocks have been moving in the same directions and with approxi-

mately the same ease as has been set forth in the foregoing.

Exposures on the western margin of the anticline northeast of

Blue ledge show the age relation between the foliation and the flow

lines. The latter have continued to form a little later than the estab-

lishment of the flow planes. Whereas the strike of the foliation

forms an almost complete semicircle, open to the east, the strike of

the flow lines is almost constantly east-west.

THE GABBROS
Throughout the Precambrian rocks of the 'Adirondacks there are

scattered a multitude of gabbroic rocks. They occur in the Grenville

sediments as well as in the later intrusive rocks, and have been con-

sidered some of the latest products of the magmatic activity. The
gabbros are round or oval on a map and do not exceed three miles

in diameter. The gabbros differ not only in their mineralogical

composition from all other rocks of the Adirondacks, but also in

their shape and structure. They do not develop as many pegmatites

as the syenites, but exhibit occasionally large crystals of garnet.

In 1923 W. J. Miller (’23, p. 15) described presyenitic gabbros

from the Lucerne quadrangle, having the nature of inclusions in

the syenite-granite. He maintained the same view in his report

on the geology of the Lyon mountain quadrangle (’26, p. ii). In

1928 J. L. Gillson (’28), after reexamining some of Miller’s type

exposures and after careful petrographic studies, found Miller’s

interpretation untenable and emphasized again the late, postsyenitic

age of the gabbros. 1
: ii

:

lit I ?]

After a special study of the Adirondack anorthosite in which a

good many gabbros outcrop, the present writer is under the impres-

sion that all gabbros in the anorthosite are partly as old and partly

older than this rock. Wherever he has seen gabbro in contact with

border facies anorthosite or with syenitic rocks in the more distant

border zone of the anorthosite, the gabbro is distinctly older than

these rocks. Altogether, some 70 gabbros have been examined, of

which seven were completely mapped. For a short resume of the

results of this study, the writer refers to Balk ’30. A detailed

article on the origin of the anorthosite and the gabbros is in prepara-

tion. It is, of course, quite possible that in certain parts of the

Adirondacks younger gabbros occur, just as there seem to be gabbros

still older than those which are typical for the central Adirondacks.

But the writer feels certain that the gabbros in the area under dis-
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cussion are not younger than the syenite series, even though their

contact relations are not nearly so well exposed as those of other

gabbros in the Ausable, Elizabethtown and Paradox quadrangles.

Shape and contact relations of the gabbros. The contact rela-

tions of the two largest gabbros in the quadrangle, those east of

Tahawus and southwest of Casey mountain, are not exposed. But

certain smaller gabbros show their contact relations sufficiently well

to determine their shape. Wherever they are surrounded by syenite

they appear in the form of round, spherical or torpedolike bodies,

enveloped by the syenite after the manner of an inclusion.

Rise 2225, wester(n margin of the quadrangle. In cliffs on

the southern slope many small amphibolitic gabbros are exposed,

few of them being as long as a street block. They afford good two-

dimensional, some even three-dimensional cross sections. Practi-

cally every one of them is a spindle or a lens with a horizontal axis

which points east-west. Normal syenite surrounds these lenses in

all exposed sections. A few of the gabbro-amphibolites are weather-

ing in such a way as to expose the torpedolike curved undersurface.

A few measurements may be given: 30 by 6 feet; 2 by 36 feet;

18 feet (longest axis). Four or five of them may lie close together

in a group, the distance between the individual lenses averaging from

60 to 120 feet.

Rise 1964, just east of Indian river. A little south of the summit,

about 15 small gabbro-amphibolites lie as horizontal lenses in normal

syenite. Their axes trend east-west. Measurements
: 4 by 18 feet

;

2 by 21 feet; 2 by 45 feet; 10 inches by 2 feet by 30 feet (all three

dimensions exposed). The average distance between the single lenses

is 9 feet.

Two-thirds of a mile north of Aiden Lair, gabbro lens in syenite,

60 by 150 feet.

Bad Luck mountain, gabbro near summit, 30 by 30 feet.

Gabbro southeast of McGinn hill, 15 by 9 feet; 15 by 90 feet.

Axes strike east-west.

McGinn hill, southeastern slope, 12 by 36 by 105 feet. Axis

strikes northeast.

Several gabbros in the quadrangle are cut by dikes and apophyses

of normal syenite or granite, whereby the foliation of the gabbro

may be cut off by the tongues of syenite. The conditions are partic-

ularly convincing if the gabbros are so small that both lateral con-

tacts are exposed. The apophyses can then be traced through the

whole gabbro lens. In other cases the surrounding syenite was

found to carry unquestionable inclusions of gabbro. A few cases

may be cited.
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Main highway to Indian lake village, gentle rise 1800, two miles

east of McGinn hill. Syenite east of the gabbro contains two large

inclusions of gabbro-amphibolite. They are repeatedly cut by the

pegmatitic syenite, whereby the faintly developed foliation of the

inclusions is cut at acute angles (figure 9).

One of the above-mentioned gabbro lenses of Rise 1964, measur-

ing 45 feet in length, is cut into two by a two-inch pegmatite which

grades into the adjacent syenite, whereas the boundary against the

gabbro is quite sharp.

Figure 9 Syenite breaks into gabbro (dark) and contains inclusions of it.

Rise 1800, on main highway, south of Big Bad Luck pond. Vertical plane,

3x2 feet.

The same relation is seen at the top of Kays hill. Foliation in a

small gabbro strikes N. 17° W., the surrounding syenite is foliated

in east-west. The contact between both rocks runs across the gabbro

foliation, but parallel to the flow plane of the syenite. A pegmatite

along the boundary grades imperceptibly into the syenite but cuts the

foliated gabbro along a sharp plane. The same gabbro is traversed

by a five-inch dike of syenite which has an inclusion of gabbro.

Certain features of the gabbros indicate that they have formed

from a common parent magma with the syenite, and the relations

seem to the writer characteristic for magmatic basic segregations.

Although the gabbros, then, may be considered older than the syenite,

there are a few localities where the process of magmatic segregation

was apparently not yet completed when the rocks finally consolidated,

so that syenite and gabbro may grade into one another, and the deter-



54 NEW YORK STATE MUSEUM

mination of the contact becomes a matter of personal judgment. The
observations are briefly these:

1 Zones of basic syenite around gabbros. The gabbro of Rise

1940, about one miles east of McGinn hill, south of the main highway

is accompanied on the south side by extremely basic syenite, rich in

amphibole and augite. Farther south this rock grades into normal

light colored syenite.

At the low hill southeast of Stonystep pond, north of the main

highway, true massive gabbros as well as gabbroic syenite outcrop,

and the writer has been unable to draw any distinct lines of demarca-

tion between them in the field. Massive gabbro grades into gabbro-

amphibolite which in turn leads into normal syenitic rocks.

The contact of the gabbro of Rise 2102, a little less than a mile

west of Indian river, is occasionally exposed. One of the cliffs

shows typical gabbro on one end which can be followed into equally

typical syenite within 30 feet. The syenite is comparatively fine-

grained, and a few thick quartz veins nearby carry inclusions of

gabbro-amphibolite.

2 Gabbros, just like the syenite, may carry phenocrysts of labra-

dorite. This is not, of course, in itself indicative of any definite

age relation but it serves to illustrate the co-magmatic nature of the

anorthosite, gabbro and syenite series. In Newcomb quadrangle,

however, phenocrysts of labradorite were found at only one locality

northeast of Tahawus post office, and in a loose boulder. But in

other quadrangles the writer has collected large phenocrysts in gabbro

outcrops.

3 The minerals of gabbro pegmatites are very similar to those

of the syenite pegmatites. It is a surprise in the field to find the

very dark noritic gabbros traversed by pegmatite dikes which differ

in no way from those of the more acid rock. Instances have already

been cited where the same dike traverses both rocks, and there can

be little doubt that the mineralizers of the veins emanated from the

surrounding syenite magma. Quartz veins are also common in the

gabbros and syenite, whereas dikes with large ferromagnesian min-

erals are conspicuously rare. Quartz and potash feldspar seem to

be the chief pegmatite minerals, both in the gabbro and in the syenite.

4 In one instance a gabbro had not yet entirely consolidated when

a pegmatite was intruded, and the gabbro minerals were drawn out

flexurelike along the contact. The exposure is on the main highway

two miles northwest of Kays hill. The gabbro is strongly foliated in

east-west, dipping at 45° to the south; the pegmatite cuts across at

an angle of 60°, bending the foliation parallel to the contact.
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The structural relations of the gabbro of Rise 2074, northwest of

Kays hill, characterize the form and flowage of the syenite so well

that they may be added here (see figure 10). On the northeastern,

northern and western side of the oval mass the gabbro is underlain

by syenite whose strike swings around in a semicircle, conforming

to the curvature of the gabbro contact. The boundary plane is

exposed at only one locality; it is a perfectly sharp plane and both

rocks confront each other abruptly. The plane dips at 58° under the

gabbro. Thirty feet from the contact the syenite carries an isolated

block of gabbro, 32 by 15 inches in diameter, which is vigorously

stretched and surrounded by pegmatite which the syenite has secreted.

Nowhere does the gabbro contact cut across the flow planes of the

syenite
; on the contrary, the foliation of the syenite departs in places

from the regional strike in northwest-southeast in order to wrap

around the curved border of the gabbro.

Figure 10 Structure map of the gabbro on top of Rise 2074, south of

Pine hill. The gabbro (stippled area) is conformably surrounded by the
foliation of the syenite. The contact dips under the gabbro. Structure
symbols as in structure map, figure 39. The three dotted lines are con-
tour lines.

Origin of the gabbros. The formation of the gabbros is

admittedly one of the most complicated problems in the Adirondacks

and one which can be satisfactorily solved only after an exhaustive

petrological and structural study of these rocks has been made. The
available exposures in the present quadrangle are not particularly

good and do not illustrate every stage in the development of these

rocks.
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The close association of the gabbros with basic hornblende-bearing

phases of syenite, the amphibolitic fringes which envelop most of

the massive gabbros, and the common development of flow layers in

the syenite rich in augite, hornblende and biotite are believed to rep-

resent closely related features of one and the same process. The pro-

cess would begin with the accumulation of ferromagnesian minerals of

the syenite magma (mainly hornblende and biotite, with some augite),

forming basic micaceous and amphibolitic flow layers such as have

been described in the preceding chapter. The thickest of these layers

have apparently taken on a lenslike form, and in most of these larger

lenses the center seems to have enjoyed nearly static conditions where

further gliding and deformation was reduced to a minimum. At
any rate the centers are commonly massive, and although chemically

of probably the same composition, they show a predominance of

the mineral augite over amphibole; hypersthene and olivine may be

also found in them, whereas the outer margins remain amphibolites.

The crystallization of the centers of the lenses requires more

detailed study before it can be considered satisfactorily understood,

but the very common association of basic syenite, amphibolitic layers

and massive centers in the thickest ones seems to the writer to be a

strong argument in favor of the theory here given. The writer feels

certain that the gabbros and gabbro-amphibolites within the

anorthosite have had such an origin and is inclined to think that the

process has been essentially the same in those gabbros that have

originated in the syenite. His interpretation is merely an attempt

to find a common explanation for the exposed field relations.

A few observations may be added which illustrate the various

phases of the origin.

I Amphibolitic layers in the syenite are well exposed along the

main highway from North River to Indian Lake village, for instance

in an abandoned road metal quarry south of “C” of the word “Casey

Mountain,” on the little hill 2000; or one mile and a half south-

southeast of Black Mountain pond (figure 33). The individual

layers are rarely over one foot thick and up to 30 feet long. They

occur often in groups of ten or more. Near-by the entire rock

becomes amphibolitic and this schistose rock then grades into the

large gabbro mass which lies southwest of Casey mountain.

Amphibolitic layers are so common in the syenite series that it is

hardly necessary to mention special localities. Large exposures

almost everywhere display them. They occur more often in the

syenite sills than in the massif of syenite, but within the sills they

do not show the slightest dependence on the nature of the Grenville

sediments.
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2 Gabbro-amphibolites, that is, amphibolites which surround a

massive, structureless core have been already described. The rela-

tions are particularly well visible on the southeastern slope of Rise

2102, northwest of Indian river. Here a lens of massive gabbro

fades out into well foliated amphibolite on its eastern side, decreas-

ing in thickness. The surrounding syenite carries several bale-shaped

inclusions of gabbro-amphibolite. Similarly, the gabbros in the syen-

ite sill of McGinn hill are made up of a core of massive gabbro

which grades marginally into amphibolite so that the ends of the

lenticular bodies are normal amphibolites.

3 Amphibolitic borders of large massive gabbros are, unfortun-

ately, not very well exposed in Newcomb quadrangle because of the

extensive glacial drift which takes advantage of the erosional weak-

ness of the schistose zones, so far as they have been worn down,

probably in preglacial time, into depressions. But such borders are

well known from other quadrangles and have been often described.

Contact planes where massive gabbro confronts normal syenite, as

described from Rise 2074, are rare and exceptions to the rule. The
writer thinks that in this case the foliated border has been sheared

away during the latest period of magma flowage.

JOINTS; INCLUDING PEGMATITES, DIABASE DIKES, FAULTS
AND BRECCIAS

As has been mentioned in the foregoing, the main source of

magma which has invaded the Grenville formation within the quad-

rangle was in the_ northeast. It has been shown that all the local'

flow structures, diversified though they are, can be interpreted as

components of a general magma flow from the northeast obliquely

upward to the southwest.

It is of considerable interest that the same forces which have driven

the magma forward from northeast to the southwest can be recog-

nized in the arrangement of the principal joint systems of the quad-

rangle. This shows that the process of magma intrusion has been

extremely long and has kept the earth’s crust throughout a very long

time under a uniform compression northeast-southwest.

Joints and crevices can develop only in substances which behave

like solids and can transmit stresses over longer distances.

The earliest joints. It has been shown on page 30, that in the

massif of syenite small veinlets of syenite occur which traverse the

foliation and the flow lines of the rock. They have developed at

such an early stage that the filling is not pegmatite but still the

normal syenite, although a trifle coarser-grained than the main rock
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(figures 2 and 3). The small cracks which are filled by these cross-

cutting veinlets must be considered the earliest fissures in the quad-

rangle which indicate the gradual cooling and consolidation of the

crust after the intrusion of anorthosite, syenite and gabbros.

These veinlets strike north-northeast-south-southwest, and the

walls of each dikelet have opened by moving a small distance in west-

northwest and east-southeast. If the walls of thousands of such

veinlets gape in this direction then the volume of rock will be

elongated in the northwesterly direction. The direction northeast-

southwest, it will be remembered, is the direction in which the main

magma current advanced and in which the crust has been compressed.

Thus the gaping of the early veinlets indicates a yielding of the

newly consolidated syenite massif in the same direction in which

the Grenville sediments and the syenite sills in the southern half of

the quadrangle have yielded to the intruding magma, a process which

was likened to the lateral yielding motion of a mass of asphalt in

front of a roller.

In the present quadrangle and, it may be anticipated here, in the

entire central Adirondacks, the direction northeast-southwest is

unquestionably the direction of the regional tension, and joints and

crevices in this direction are regional tension joints. A survey of

the main joint systems in the quadrangle shows that northeast-south-

west joints are not only the oldest ones, but by far the most common
ones. They have apparently developed as soon as the syenite began

to congeal; if they happened to tap inclosed remnants of syenite

liquid they were instantly filled by the residual juice, giving rise to

the cross-cutting veinlets
;
but if the syenite had frozen solidly they

remained barren joints. Compare figures ii, 34, 35 and 41.

Although the pegmatite dikes in the quadrangle have not been

measured systematically, it was observed in the course of the field

work that they too prefer the direction north-northeast-south-south-

west, indicating that the direction of the compression in the crust

continued into the pegmatite stage.

Even the eight basic dikes which were found in the quadrangle

follow the same direction, which goes to show that the regional

tension joints gaped during the very late stage when this basic

magma was intruded. Long after all igneous rocks had been em-

placed, the crust must have stood' under the same regional strain.

Syenite, amphibolite and quartzite preserve joints better than

gabbro and marble. The planes are often coated with limonite and

chlorite, and in a few localities small fibers of hornblende and

?adularia were found. Highly lustrous greasy looking veneers of
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black or dark green color are common in the syenite. They may
be seen, for instance, in most road metal quarries or on large joint

faces which have not yet been affected too much by erosion. The
writer is indebted to Dr Paul F. Kerr of Columbia University for

identifying the mineral as serpentine or, in some cases, serpentine

and chlorite. Slickensides on joint faces have hardly ever been

observed, a fact of some significance for the problem of faulting in

the Adirondacks.

The relative frequency of the various joint systems and their dip

may be seen from the following chart and the diagram, figure ii.

The average spacing of 253 examined joints was found to be two

joints to a foot, or 7.2 joints to a yard, or 238 joints to 100 feet.

TfM Mprtk

Figure ii Diagram showing the strike of

the joints in Newcomb quadrangle. Compiled
from 1372 joints. One maximum in north-
northeast (N. 30° E.) : the trend of the regional

tension joints. A smaller maximum in west-
northwest (N. 50° W.) : the strike of joints

parallel with the foliation.

Regional and local cross joints. The term “cross joint,”

according to Professor Cloos’s usage, designates a fissure which

stands normal to the local flow lines, and is essentially the same as

tension joint. Both terms may be used with equal right. A glance

at the structure maps shows that the flow lines within the quadrangle

change their directions frequently. In the southern half, for in-

stance, they trend west-northwest, but in the northeastern corner
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of the sheet they run northeast and pitch to the southwest. In the

Newcomb marble belt they strike northwest and pitch steeply. If

we compare the joint map it will be seen that the joint systems pursue

the direction north-northeast, even in places where the flow lines

depart from their west-northwesterly course. The joint systems are

therefore more persistent in their directions than the flow lines, and

deviate less from their regional trend than the latter. Joints which

Directions of Joints in Newcomb Quadrangle

Range of
STRIKE

Number
OBSERVED

Range of
STRIKE

Number
OBSERVED

N. s-W.-N. 5°E 91 N. 5°W.-N. i5°W 78
N. 5°E.-N. I5°E 120 N. i5°W.-N. 25°W 47
N. is^E.-N. 25'’E 169 N. 25°W.-N. 35°W 28
N. 25°E.-N. 35°E 184 N. 35°W.-N. 45°W 41
N. ss'E.-N. 45°E 173 N. 45”W.-N. 55°W 51
N. 45°E.-N. 55°E :...

N. 55°E.-N. 65°E
128

74

N. 55°W.-N. 65°W
N. 65°W.-N. 75°W

39
37

N. e.s^E.-N. 75°E 33 N. 75“W.-N. 85°W 36
N. 75°E.-N. 85°E 20 N. Ss^W.-N. 85'’E 23

Dip of Joints in Newcomb Quadrangle

Dip angle Number observed

o°-';o° 18
30°-6o° 47

12736o°-qo°

strike north-northeast, irrespective of the orientation of the local flow

lines, will be termed regional cross joints, or regional tension joints;

figures 34, 35, 36. They record the regional compression of the

crust in this direction and disregard the local component of this

direction as recorded by the deviation of the flow lines. It is not

surprising to find the flow lines and main tension joints pursuing

different directions in places because they have originated at differ-

ent stages. The flow lines formed in a liquid and record the flowage

of a liquid, while the tension joints developed in a solid rock which

transmits stresses over much greater distances than the fluid sye-

nite did.
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Nevertheless, wherever the flow lines deviate from their regional

direction, the rocks show commonly, in addition to the regional

tension joints, a system of local cross joints or local tension joints

which then stand normal to the flow lines no matter what their

direction may be. Both the regional and the local cross joints may
be found in one and the same exposure as a few observations

will show.

Goodenow river, two miles southeast of Zack pond. The flow

lines pitch steeply to the southeast; local cross joints accordingly

strike northeast-southwest and dip gently to the northwest. Regional

cross joints traverse the cliffs as steeply tilted planes which strike

north-northeast. The exact figures may be found on figure 41.

Southwest slope of Cedar mountain. Flow lines pitch at .?.5° to

38° to the east; local cross joints dip at intermediate angles to the

west; regional cross joints strike north-northeast and dip steeply

to the east.

Other localities with local tension joints are: (i) Bed of the

Hudson, northwest of Blue ledge (strike northwest-southeast, dip

to the northeast). (2) McGinn hill (strike northwest-southeast,

dip to the southwest). (3) Cedar River bed, north of Little Pisgah

mountain (strike north-northwest-south-southeast, dip gently to the

west-southwest). (4) Ridge northwest of Jackson pond. Chain

lakes area (strike north-northwest, dip steeply to the west-southwest).

Cross joints in the Vanderwhacker arch. The anticlinal structure

of the flow lines in this area causes a fanlike system of cross joints

(compare figure 8). The joint planes dip to the east on the west-

ern slope of the arch; in the apical zone they stand vertical or dip

steeply in either direction, probably due to interference with the

regional tension joints
;
on the eastern slope of the arch, the joints

dip to the west. Very spectacular is the oblique eastward dip of

the joint planes on Polaris mountain. The great white ledge on

its eastern slope is caused by two or three long and straight joints

which dip at 45° to the east.

Jointing in the gabbros. Massive gabbros are so irregularly and

poorly jointed, and the relations between their elusive parallelism,

the local contacts and the joint systems are so complicated that more
work is necessary to bring out the principles according to which

the gabbros are jointed. It may be said, however, that the largest

gabbros in the Adirondacks, such as the Jay Mountain or Clements

Mountain gabbros in Ausable quadrangle, show regular joint systems.

Where gabbros are well foliated or linearly deformed, cross joints

arrange themselves in the same manner as in the other rocks. The
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writer does not know of any gabbro which influences the joint

systems of the surrounding syenite or Grenville sediments.

Jointing in the Grenville sediments. Very little is known about

the joint systems in the sediments because the marble which in this

quadrangle predominates over quartzites and gneisses is everywhere

too deeply weathered to show the trend of the joint systems well.

The joints in the marble are, of course, nowhere older than those

of the igneous rocks because the marble, as we have pointed out

in the foregoing, has been in a highly plastic state, and the joint

systems could not originate until after the marble had solidified.

There is a bare possibility that some of the thickest quartzites or

amphibolites may have preserved a few of their older joints through

the period of intrusion, but this cannot be decided in the present

quadrangle.

Joints parallel to the flow structures. It is difficult to decide in

the field whether a rock has primary joint systems parallel to the

flow lines or foliation, because such joints or crevices may have

developed much later, due to the weakness of these structure planes

(or structure lines). Moreover, many of such fissures originate

unquestionably due to weathering. The only criteria for the

primary age of such joints are pegmatites or other igneous veinlets

which show a definite preference for this direction. Exposures

with both cross-cutting and concordant syenite veinlets and pegma-

tites are near the summit of Goodenow mountain and Casey moun-

tain, north of Zack pond, and west of Cedar mountain.

Diagonal joints. The literature on diagonal joints is extensive,

as such joints which form angles of approximately 45° with the main

tension have been produced in experiments. Starting from the

results of these experiments, the investigators have begun to explain

the origin and significance of such joint systems in nature; see

Bucher (’21), Cloos (’21, p. 24), and many others.

Diagonal joints are rare in this quadrangle. They are infinitely

less important than the regional or even local cross joints. In spite

of careful attention in the field, only a few places were found where

diagonal joints occur. In these few cases, they seem to substitute

for the cross joints as, indeed, they do in all experiments. That

diagonal joints were developed as primary fissures could be ascer-

tained on the north shore of Goodenow river, about one mile west

of the dam. Here the syenite is traversed by diagonal joints many

of which carry pegmatites and show subsequent displacements along

them. Where diagonal joints occur they do not interfere with the

regional tension joints as may be seen southwest of Kays hill
;
the
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flow lines in the syenite run west-northwest, pitch at 20° to the

west. Cross joints strike north-northeast, dip steeply to the south-

east, and one of the diagonal joint systems strikes N. 60° E., dips

85° to the southeast. The second system is suppressed at this locality.

Particularly interesting is the jointing in the ridge northwest of

Cedar mountain. Here the flow lines strike northeast-southwest.

The local tension joints ought to strike northwest-southeast, but since

the crust during the joint formation stood under the regional stress

in northeast-southwest, no such joints are developed. The regional

stress must have been so great that it overpowered the local forces.

Instead, two other joint systems are found, one of northerly strike,

the other one in east-west, and both are diagonal joints with refer-

ence to the regional stress and the local flow lines. Thus the devel-

oped joints indicate a balanced condition between regional and local

stresses, resulting in the development of diagonal joints.

Only those joint systems which have been described can be attrib-

uted to known dynamic forces in the Adirondacks. Thousands of

additional systems are facing the observer in the field, but their

mechanical interpretation is impossible at the present state of our

knowledge.

Faults and breccias. It is extremely difficult to decide whether

there are any fault zones in the present quadrangle which are younger

than, or of the same age as, the main joint systems. Field work by

other geologists in the Adirondacks has shown that there are far-

reaching fault zones of the characteristic north-northeasterly trend

which is parallel with the direction of regional compression in the

crust. The most important fault zone was thought to have caused

the surprisingly straight valley of the Hudson river south of New-
comb village, which may represent, according to W. J. Miller (T6a,

p. 44--45), the northern continuation of the Indian Lake fault, the

longest fault zone, according to the same author.

The writer has carefully examined the entire zone throughout the

quadrangle, from the entrance of the Indian river in the southwest

to Newcomb. In spite of many exposures in the river bed and low

water in the fall of 1926, only two places were found where the

syenite is somewhat disintegrated and crushed, namely, northeast

and east-northeast of the letter “t” of Big Pisgah Mountain, also

northeast of Cedar mountain, east of the letter “s” of Hudson river.

At the first-mentioned locality the syenite is discolored, abundantly

jointed and locally mashed. At the second locality the rock is tra-

versed by stringers of crushed rock in which chlorite, epidote and

fragments of pink feldspar and syenite can be recognized. The
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stringers are up to five inches thick and strike northeast-southwest.

No other indications of crushing in the syenite were found; on the

other hand, there are good exposures in the river bed (for instance

a ford, about one-third of a mile above the mouth of Goodenow
river) where the rock is fresh from one shore to the other. Long
and straight joints, however, belonging to the regional tension sys-

tem, strike parallel to the river course for miles (figure 34). One
can see how the individual syenite blocks are being loosened gradually

along these planes. Thus there is at the present time no sufficiently

good evidence that the Hudson River valley follows a major fault

zone. There are local zones of crushing, but at other places the

rocks in the river bed are apparently of normal freshness. Another

explanation of the valley will be offered on p. 80.

There may be a local disturbance in the Grenville rocks on the

north shore of the Hudson, northeast of Carter pond. This is

inferred from the abrupt change in dip which the sediments and sills

of syenite undergo. They dip to the north up to two-thirds of a

mile west of Kettle mountain and then suddenly dip to the south.

The disturbance, if actually existing, is not expressed by the surface.

Another local zone of disturbance is on the southwest shore of the

Hudson, one quarter of a mile northwest of Blue ledge which turns

the strike of Grenville gneisses for 50° within 12 feet.

Brecciated zones. A brecciated zone of northerly strike and

vertical dip is exposed on the main highway southeast of Bullhead

pond, near the eastern margin of the quadrangle. The rock consists

of a dark greenish gray groundmass in which many angular frag-

ments of syenite, amphibolite, gabbro and Grenville marble are seen.

This breccia is six feet thick and slickensided. The striae pitch

gently to the south. The brecciated zone causes no depression in

the land surface.

Besides the few cases mentioned, no evidence of faulting or brec-

ciation on a large scale has been seen.

SUMMARY OF THE PRECAMBRIAN HISTORY

The oldest rocks in the quadrangle are the early Precambrian

marbles through which beds of quartzite and amphibolite are scat-

tered. They belong to the Grenville formation. In a few places

mixed gneisses and acidic granites with pegmatitic phases outcrop

which suggest an early period of intrusion which is tentatively cor-

related with the Laurentian.

During the so-called Algoman period of the later Precambrian

era, the Adirondacks were intruded by an enormous volume
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of magma. From field observations in other quadrangles, the follow-

ing phases in this intrusion can be distinguished. The general source

of the magma was in the northeastern part of the Adirondacks.

From here the molten mass worked its way obliquely upward

to the southwest, in a deep level of the earth’s crust, and certainly

many miles below what was then the surface of the earth.

When this great volume of magma invaded the Grenville sedi-

ments its movement was retarded. But the propelling vis a tergo

has been so strong that the more mobile portions of the magma con-

tinued to advance into the sedimentary rocks. In the central magma
chamber, however, solid crystals which were once suspended and

afloat in the magma have been arrested, probably because of fric-

tional forces when the available space became too crowded. Prac-

tically 95 per cent of these crystals are labradorite, a member of the

soda-lime feldspar family, and so many labradorite crystals accumu-

lated in the central chamber that they constitute a large massif which

covers some 1200 square miles of the present surface, and the volume

of rock may amount to between 2500 and 12,000 cubic miles. The

geological name for this labradorite rock is “anorthosite.”

From observations in the Long Lake, St Regis, Elizabethtown

and Port Henry quadrangles, it becomes highly probable that this

massif of anorthosite is a lens which dips gently to the northeast,

and its southwestern front seems to be a fairly thick and steep wall

so that the whole lens may be compared with a wedge, the obtuse

side of which is in the southwest.

Only a small sector of the southwestern margin of the anorthosite

lies within the confines of Newcomb quadrangle. The rest of the

area lies to the southwest of the anorthosite, and the principal igneous

rock is the syenite. Observations in the Elizabethtown, Port Henry,

Ausable, Lake Placid, Saranac and Tupper Lake quadrangles show
that anorthosite and syenite series may grade into one another, that

phenocrysts of labradorite have been floating in the syenite magma,
and for these and other reasons, not outlined in this summary, it is

practically certain that the syenite is identical with a part of the molten

magma which has invaded the Grenville formation but which has

been deprived of its labradorite crystals when it passed through the

central chamber. Syenite with suspended labradorite crystals was
observed in a few localities in the quadrangle (p. 21).

In the Newcomb quadrangle two regions can be separated in

which the geological structure is different : the northern half, which

is in the main a solid mass of syenite (p. 38, 43) ;
and the southern

half, which is composed of the Grenville formation in which a great

3
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number of syenite sills outcrop. The northern half is referred to

as the massif of syenite, the southern half as the region of the

syenite sills (p. 39, 48).

The massif of syenite is considered a large volume of mother

liquor of the parental magma which has been compressed in front

of the southwestern, inflated border of the anorthosite. Expelled

from the crystal chamber, it has been pressed against the Grenville

sediments which lay farther to the southwest. In this border space

the syenite has finally been molded into a huge platelike body which

trends northwest-southeast and dips steeply to the southwest. It

rests, in the northeastern corner of the quadrangle, on the outer

border of the anorthosite and constitutes the outermost shell of the

dome-shaped structure. The southern border of the massif of sye-

nite stands vertical. The zone of vertical foliation is probably due

to the curvature of the inflated border of the anorthosite.

To the south of the vertical zone the Grenville formation begins.

The northeasterly dip of the sediments indicates that they underlie

the massif of syenite in a greater depth, and it is probable that they

form the floor upon which the entire lens of anorthosite rests. In

the southern part of the quadrangle the foliation of the marbles

dips at gentle angles to the northeast or north, and the dip becomes

steeper in the vicinity of the southern border of the syenite until

it stands vertical. The great number of syenite sills which are

encountered in this belt of marble are very probably of lenticular

form and dip predominantly to the northeast and north, always

conformable with the foliation of the surrounding sedimentary

rocks. Figure 7 gives a general cross section through the main struc-

tural units and shows the fan-shaped arrangement of the foliation.

A study of the flow lines in the syenite massif shows that the

magma has been elongated, in the vicinity of the anorthosite border,

as if the surface of this great dome or cupola has been stretched

upward (p. 43-45). It is believed that the volume of anorthosite

has increased while the syenite magma was ejected in front of it,

and the whole body of slowly congealing syenite has participated in

this inflation. Near the center of the syenite massif, a somewhat

independent uplift is recognized, the Vanderwhacker arch, and it

is probable that the local protuberance was caused by an irregularity

of the anorthosite border or by the local expulsion of a large volume

of mother liquor (p. 45). Southwest of the massif, in the Chain

lakes area, two large blocks of marble have been engulfed by the

syenite and were dragged by the magma current obliquely upward

to the southwest. A still larger marble inclusion is found in the

valley of Newcomb.
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The movement of the syenite in the sills of the southern region

differs from that of the massif of syenite. The individual sills,

although they were intruded from the northeast obliquely upward,

have taken part in a general elongation of the Grenville sediments

in northwest-southeast; this is shown by the direction of the flow

lines both in the sills and in the Grenville sediments (p. 48-51).

The movement can be referred to the advance of magma from the

northeast, and the mechanism of yielding is compared with the lateral

flowage of dough or asphalt in front of a roller. In only one sill

the flow lines follow the direction in which the syenite was originally

injected (p. 48).

During this long process of magmatic activity, the Grenville

formation plays the part of a thoroughly mobilized and doughlike

plastic material which is capable of flowage very much like that of

the injected magma, and the resulting flow structures and their

directions are everywhere in harmony (p. 50-51).

In the syenite bodies a number of gabbros outcrop which are

considered as old or older than the syenite. From observations in

the Ausable, Elizabethtown and Paradox quadrangles it would appear

as if the gabbros in the anorthosite have originated from accumula-

tion of ferro-magnesian minerals during an early stage of the intru-

sion, so that they resemble basic magmatic segregations. Gabbros

in the Port Henry, Lake Placid and Ausable quadrangles are older

than the syenite, and although the exposures in Newcomb quad-

rangle are not so good as those in the other areas, they confirm

nevertheless the conclusions as to their origin and age.

From the frequent association of amphibolitic flow layers in the

syenite, amphibolitic gabbros and large massive gabbros with amphi-

bolitic fringes, it is inferred that these rocks represent subsequent

stages in one and the same process which seems to begin with the

local clustering and accumulation of ferromagnesian minerals. The
central portions of large layers or lenses are believed to have existed

under static pressure, due to which the minerals have partly recrys-

tallized, and the foliation has been gradually obliterated. Under
these conditions, the minerals augite, hypersthene and olivine seem
to have been more stable than amphibole and biotite. The latter

predominate in the outer margins. The physio-chemical reasons

for this process are not fully understood, but the greater abundance

of water in the surrounding syenite magma, and its scarcity in the

cores of the basic lenses may have favored the minerals with water

in the outer borders and those without water in the interior of the

gabbros (p. 51-57)-
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The typical shape of large gabbros in the syenite is a round or

torpedolike body. The largest ones in the quadrangle are not well

exposed but smaller ones show this to be the general form (p. 52-55).

Many gabbros in other quadrangles are perfectly exposed and exhibit

floors and covers of syenite or anorthosite.

The intrusion of the vast quantities of magma from the northeast

has kept the earth’s crust under a compressive force in the direction

northeast-southwest. This lateral compression of the crust has con-

tinued long after the magma had consolidated and is reflected by

the main joint systems in the quadrangle which are typical for the

entire Adirondacks.

The regional tension joints trend northeast-southwest. They are

by far the most important ones and have originated as soon as the

syenite consolidated (p. 57-59). Under certain simple conditions,

the tension joints arrange themselves normal to the flow lines in a

rock. But the pattern of these lines in the quadrangle is compli-

cated; in some sections they are straight, in others they swerve,

change their directions abruptly or vary in pitch. This is unavoid-

able in the volume of magma that has been injected into such a

complexly moving system of rocks as the Grenville formation.

Nevertheless, the regional tension joints pursue their northeasterly

course irrespective of the local orientation of the flow lines.

Local tension joints (or cross joints, because they cross the flow

lines) are those which have arranged themselves in strict dependence

of the local flow lines, no matter how they strike. They are rare,

and in one and the same exposure both regional and local tension

joints may be seen (p. 61).

Diagonal joints have been observed sporadically. They substitute

for cross joints but their formation has been suppressed unless the

antagonism between local and regional tensional forces could be

reconciled by these joints (p. 62).

Eight diabase dikes have been found in the quadrangle which all

run northeast-southwest or nearly so. They show that the regional

tension joints have gaped and facilitated the insertion of the dike

magma in these directions. Hundreds of diabase dikes in other

quadrangles in the Adirondacks strike also northeast.

The Hudson River valley between the mouth of Indian river and

Newcomb was supposed to be a major fault zone. The exposures

show that the rocks in the river bed are in places crushed, but in

other places apparently fresh and not disintegrated. The available

evidence does not justify the assumption that the valley follows a

through-going major fault (p. 63).
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GLACIAL GEOLOGY
Distribution of till. The glaciers of the great Ice Age have

probably covered the entire quadrangle. Ice has moved southward,

across the highest peak, Vanderwhacker mountain, and has left a

large boulder of anorthosite some 300 feet to the east of the summit.

Other foreign boulders may be seen near the summits of Beaver,

Polaris, Cedar and Casey mountains.

It is difficult to decide whether the vanishing glaciers left behind

a continuous blanket of ground moraine, covering valleys and moun-

tains, or whether the till was deposited in valleys and depressions

only, and failed on the higher peaks. At present the moraine is

extensive in the valleys only, and fades out as one ascends the

mountain slopes. The higher slopes are usually free from glacial

deposits, but isolated boulders may be found at any elevation. Just

how far the fading-out of the moraine is a primary feature, and

how far the postglacial erosion may have removed the moraine from

the mountain slopes could not be ascertained satisfactorily. Isolated

glacial boulders are often surrounded by humous soil, two to three

feet thick, which rests on the bed rock. Although glacial stones in

this humous soil are not rare, it could not be decided as to whether

this is a recent weathering product or decomposed moraine.

The distribution of moraine on mountain slopes in some of

the fire-swept ridges in the Elizabethtown quadrangle is interesting

enough to be mentioned here. On the rugged slopes of the Rocky

Peak ridge, for instance, one can see hundreds of small, irregular

patches of gravelly moraine with small and large boulders scattered

over the entire mountain complex. They fill some of the present

depressions but occur also near the tops of peaks, strewing the slopes

with isolated boulders. The distribution of moraine near Mount
Marcy is similar. The highest cone which rises above the col to

Haystack mountain, seems to be free from any material that has

been transported by ice over a long distance. The many boulders

of anorthosite which are met do not decide the origin of the material,

and foreign rocks have not been observed by the writer. But below

the level of the pass, patches of moraine with apparently foreign

rocks are found.

Thickness of the moraine. In the absence of good exposures,

the thickness of the glacial moraine could not be well determined.

An old pit, about a mile north-northeast of Zack pond, at an eleva-

tion of 2030 feet shows 18 feet of till on top of syenite, covered

by two and one-half feet of brown humous soil mixed with glacial

stones. Farther south nine feet of glacial till are exposed, but the
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underlying syenite is not visible. At the dam across Goodenow
river, south of Zack pond, 30 feet of till with interbedded gravel

lenses are exposed. The bed rock is concealed. The thickness of

the moraine in Newcomb valley is unknown but is probably not

more than 100 feet, as ledges of Grenville marble are often seen,

indicating that the bed rock is nowhere far below.

Composition of the moraine. Practically all boulders are

igneous rocks of the Adirondacks. Anorthosite and syenite are by

far the most abundant ones. Grenville quartzites and amphibolites

never form large boulders. Marble boulders are extremely rare

because of their softness and ease with which they disintegrate.

Wherever they are found, they may be taken for reliable indicators

of Grenville rocks in the immediate vicinity.

The largest glacial boulder in the quadrangle was observed on

Rise 1965, one-half of a mile northwest of Hyslop pond. It meas-

ures 21 by 10 feet and is approximately 12 feet high.

The groundmass of the moraine is always sandy. The proportion

between boulders and groundmass in the moraine varies from one

place to another. Figure 57 shows the average spacing of the blocks.

Where exposed, the floor of the moraine is fairly smooth. Glacial

striae are rare in the quadrangle. In one locality they strike north-

south, in two others northwest-southeast.

POSTGLACIAL GEOLOGY
Since the glaciers of the Ice Age melted, erosion by water has

slightly modified the surface. Although in the main destructive, the

water action has caused a few sand and gravel flats near the present

river courses. West and southwest of Tahawus, cross-bedded Post-

glacial sands are exposed on both sides of the Hudson river, over-

lying the moraine. They are at least 20 feet thick and dip at gentle

angles toward the river. They occur as high as 40 feet above the

present stream level.

Indian river is likewise surrounded by extensive sand flats north

and south of the main highway to Indian Lake village. The sand

seems to be about 30 feet thick.

These and additional patches of cross-bedded sands and gravels

lie well above the flood levels of the rivers and they are being worn

down at present.

MORPHOLOGY
The present configuration of mountains and valleys in the Adiron-

dacks is the result of the enormously long period of erosion which

has followed the uplift of the region after the Ordovician period.
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If the erosive forces on the surface of the earth had had their way,

the mountains would undoubtedly have been planed down to sea level.

In spite of this, the highest peak of the Adirondacks stands one

mile above sea level, and the entire mountain group rises several

thousands of feet above tide. This is so because of repeated uplifts

which must have reelevated the partly eroded surface.

Mount Marcy, the apex of the mountain group, rises almost

exactly in the center of the anorthosite massif, and it is not improb-

able that the uplifts of the Adirondacks have raised the central

anorthosite higher than the marginal portions of the region. A
plane which connects the highest elevations in the Adirondacks

would be a very flat cone with Mount Marcy at the apex and the

steepest slope' on the eastern side.

According to this roughly symmetric structure, the drainage of

the Adirondacks is radially outward, and the present quadrangle,

which lies to the southwest of Mount Marcy, is drained by the

Hudson, whose sources are in the area south and west of Mount
Marcy. In view of this development of the drainage, the Hudson
in this part of its course is a consequent stream, according to physi-

ographic nomenclature.

If we now turn to the more detailed features of the morphology

in the quadrangle, we find that the symmetric setting of the peaks

and ranges is a large-scale phenomenon and that the regularity of

the uplift structure is interrupted time and again. In fact, the

geologist working in one quadrangle only, is seldom if ever reminded

of the general increase in elevation in one direction, but he will be

more impressed with the irregularities, modifications and exceptions

to this general law. In Newcomb quadrangle, for illustration, the

highest peak does not lie in the northeastern corner, but in the center

of the sheet ( Vanderwhacker mountain), and in the quadrangles

to the south and southwest there are elevations much higher than

this mountain. What, then, it may be asked, are the laws that modify

the regional uplift structure?

The erosional resistance of the rocks. Rocks resistant to the

combined chemical and mechanical work of erosion tend to stand

out as elevations, whereas rocks of little resistance are worn down
to valleys. Whether or not any particular rock will form promi-

nences depends also upon the erosive resistance of the surrounding

rocks. Erosional resistance is therefore a relative factor. The size,

internal structure and shape of the rock body modify further the

dimensions of the elevation which a resistant rock will attain.

In Newcomb quadrangle the syenite series, the gabbros and the

anorthosite are relatively resistant rocks. They constitute practically
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all the higher elevations. The Grenville marble, on the other hand,

and also some amphibolites and gabbro-amphibolites are less resist-

ant to erosion. Accordingly, they tend to constitute the valley floors.

In the northern half of the quadrangle the broad marble belt

of Newcomb valley splits the large massif of syenite into two and

causes a drop from 2693 (Goodenow mountain) to 1552 feet

(Newcomb valley). The same belt of marble is responsible for

the isolated position of the Vanderwhacker mountain group. It is

a fair assumption that the average elevation in the massif of syenite

would be appreciably higher were it not for the depressive effect

of this marble belt.

In the southern half of Newcomb quadrangle the relations are

more complicated. Obliquely inclined lenses, plates, spherical bodies,

large domes, thin saucer-shaped bodies of syenite or gabbro are

intercalated with marbles. Thus very resistant rocks of consider-

able total volume are persistently interrupted and split apart by

extremely weak rocks. If the igneous rocks formed one single mass

it would probably tower high up
;
as it is, every sill and lenticular

syenite or gabbro breaks down along its edges, undermined by the

rapidly decomposed and eroded floor. The height which any one

sill attains depends not only upon its relative erosional resistance but

also upon the rate at which its floor is undercut. Since practically

all the sills dip gently to the north or northeast, the southern side

is being undermined. Hence the remarkably high and imposing

escarpments of the sills on this side; compare figures 12 and 13.

Good examples are Black mountains. Kettle mountain (figure 29),

McGinn hill. Such straight and steep escarpments resemble fault

scarps with which they have been sometimes confounded. The
criteria for the recognition of true fault scarps have been sum-

marized by Blackwelder (’28).

The drainage pattern. As early as 1898 A. P. Brigham (’98)

called attention to the fact that the valleys and river courses in the

Adirondacks show a well-developed rectilinear pattern. A glance

at the map of the quadrangle shows the preferred directions to be

north-northeast and west-northwest. Large areas (Black mountains,

vicinity of Casey mountain, area around Goodenow mountain) are

regularly dissected into squares and blocks whose edges follow these

two directions. Two structural features of the Precambrian rocks

are responsible for this orientation of the drainage lines

:

1 The regional cross joints which run north-northeast

2 The regional foliation which strikes west-northwest
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The importance of the regional cross joints can hardly be over-

estimated. Not only do they occur everywhere in the quadrangle,

but the single planes are long, straight and far-reaching. Single

joints may extend for 6o feet (Rise 2002, north of Dunk pond),

180 feet (south slope of Rise 2237, west of Aiden Lair). Further-

more, the cross joints, being tension joints, have a stronger tend-

ency to gape than any other fissures
;
they combine all the prop-

erties favorable for the percolation of water.

The role of the foliation in inviting disintegration of the rock

along those layers which are composed of the least resistant minerals

is too well known to be particularly emphasized. The sensitivity

of the erosional agencies is astonishing; a slightly coarse-grained

or pegmatitic layer, a lens of schistose amphibolite, is promptly

detected by nature and worn out a little deeper than the surround-

ing firmer rocks. Calcareous layers, sometimes interbedded with

Grenville amphibolites, are scooped out deeply. The valley of New-
comb, the Hudson River valley between Gooley and Dutton moun-

tains, many parallel depressions south of it, narrow canyonlike gorges

south of the road to Northwoods Club (not shown on the topographic

map) are instances of this type of depression.

To determine definitely the site of a valley of northeasterly trend,

another element is needed in addition to the joint system, so to speak,

a “second locus” (Qoos, ’25, p. 137). This second factor may be

the axis of a syncline of the flow lines, and the course of the Hudson

river from Newcomb to Gooley can be explained in this way (fig-

ure 8 and p. 45-47). Another instance is the valley of Vander-

whacker brook on the eastern foot of the Vanderwhacker arch. In

other cases the second locus is the lateral end of a sill and the

corresponding emergence of Grenville rocks within the reach of the

groundwater table. The valley of Deer creek in the southwestern

corner of the sheet and the Hudson valley south of Dutton mountain

belong to this group.

In most other cases close spacing of cross joints is believed to

cause the site of the individual depressions. That loose blocks of

syenite are being removed along cross joints can be seen on almost

every mountain slope
;
compare figure 38.

Disturbing factors. Rectilinear drainage lines may be disturbed

by: I Massive, poorly jointed rocks; 2 Deflections in the normal

strike of rocks
; 3 Glacial deposits
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1 Massive gabbros with few joints are exceedingly resistant and do

not conduct the drainage into straight lines. The large gabbro east

of Tahawus is a round mass, without recognizable order in its drain-

age lines.

2 Valleys or ridges which follow the strike of the foliation may
change their direction with the latter. This results often in curved

lines, as, for instance, the ridges north, northwest and west of Cedar

mountain, or McGinn hill. If the foliation is variable and the 4ip

is gentle, the tendency of the surface to form dip slopes is stronger

than other factors, and a particularly irregular relief may result, as

for example, in the area southwest of Balfour pond or the northern

slopes of the Vanderwhacker group.

3 The surface of glacial moraine is, of course, of totally different

origin than that of the Precambrian rocks. It represents in gen-

eral hummocky plains without any recognizable system or order in

it. The drainage southeast of Newcomb, south of Pine hill, north

and northeast of Northwoods Club and in the southwestern corner

of the quadrangle is determined by the relief of the moraine.

The mountain slopes. Whoever studies the relief of the Adi-

rondacks will soon recognize that most of the mountains are asym-

metric : one slope is gentle, the other is steep and may even end

in a vertical escarpment. Since the one-sidedness of many moun-

tains in this quadrangle is conspicuous, the structural features

which commonly determine this asymmetry will be briefly presented.

1 Ejfect of gently dipping foliation. Gentle dip angles (30° and

less) of the foliation of resistant rocks tend to produce slope angles

of identical dip, so-called dip slopes. The coincidence refers only

to the average dip of the foliation, and small discrepancies with the

local dip angles are always found; compare figures 12 and 13.

Examples: Almost all northern slopes of the syenite sills form

dip slopes. Dutton mountain, slope dips 12°, dip of foliation 7°

to 20°. Rise 2257, southeast corner of the sheet, slope dips 30°

and steeper, foliation dips 35° to 40°. Rise 2235, slope dips irreg-

ularly, from 15° to 40°, foliation dips 15° to 30°. The north slope

of Casey mountain and many small sills are very perfect dip slopes,

although the topographic map does not show it.

2 Effect of gently pitching flow lines. Where rocks show flow

lines only, or where the flow lines are more strongly developed than

the foliation, the latter will be superseded by the flow lines. The

rock will then offer to the erosion lines of inferior resistance which

direct the advancing disintegration along lines which have the same

orientation, and if the pitch of the flow lines does not exceed about
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30°, the rocks will peel off along planes which embrace the flow lines.

The resulting slope harmonizes, but must not necessarily coincide,

with the pitch of the flow lines. A pitch slope is the special case

where the dip of the slope coincides with the pitch angle and the

projected strike of the flow lines.

Examples: The western slope of Polaris mountain (figure 8)

is a fine example of a pitch slope; the surface dips at 30° to 35°

to the west, the strongly developed flow lines pitch in the same

direction at 30 to 35°. The northern slope of Rise 2060, southeast

of Corner pond, coincides in dip with the local northeastward pitch

(20°) of the flow lines; foliation is hardly visible and inferior to

the flow lines. The southwestern slope of Vanderwhacker mountain

dips at 27° to 30°
;
the flow lines in this part of the Vanderwhacker

arch pitch in the same direction at 10° to 25°. The eastward

slope of the mountain harmonizes with the flow structure of the

eastern side of the arch (figure 8). The two northeastward trend-

ing ridges northeast and north of Cedar mountain slope gently

to the northeast (10° to 15°), the parallel trending flow lines pitch

at 5° to 23°. The ridge of border facies anorthosite, northwest of

Tahawus, dips to the southwest at angles of 5° to 12°, conformable

with the pitch of the flow lines.

Combination of structures. Different slopes of the same moun-
tain may be determined by different structural elements. The east-

ern slope of Polaris mountain, for instance, is caused by cross joints

of the Vanderwhacker arch which dip obliquely to the east; but the

western slope, almost as steep, is a pitch slope as explained above

(figure 8). The gentle northward slope of Dutton mountain is

due to the identical orientation of the foliation
;
the flat area between

Dutton and Venison mountains, however, slopes gently to the west,

in conformity with the pitch of the flow lines.

Exfoliation. If the structural elements of the rocks are so steeply

tilted that dip slopes or pitch slopes of this declivity can not be

maintained by nature, auxiliary planes of rock removal are estab-

lished which are identical with the common exfoliation planes. The
primary, steeply dipping structure planes cooperate only so far as

they facilitate the loosening and breaking up of the rocks. On
Goodenow mountain, for illustration, the syenite is foliated east-

west, the flow planes dip at 60° to 75° to the south; steeply tilted

regional tension joints run north-south. Yet the slopes of the

mountain dip at 25° to 33°, more gently than any of the structures

of the syenite. On all sides of the mountain the bed rock is dis-

sected by gently dipping planes which coincide everywhere with the
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slope angles but have no relation whatever to any of the primary

structure planes. They are therefore true bedding planes or exfolia-

tion planes.

It is on these exfoliation planes that the present creep on many
mountain slopes in the Adirondacks proceeds. Angular blocks,

glacial boulders, stones and the finer grained constituents of the soil

move and slide slowly downhill on these gentle planes. In the Long
Lake quadrangle the writer has seen and photographed places where

the slope angle was less than 5°, and where blocks of syenite moved
downhill, in upright position, bounded by primary joints and folia-

tion planes like a match box standing on the side where one strikes

it. Some of these blocks had moved as far as 15 feet without having

rotated, and their orientation was still exactly parallel to the original

position in the ledge. The creep is probably most effective in the

spring when the snow melts, but during thunderstorms in the summer

of 1925 the writer had occasion to see the motion of blocks due to

the rainwater. The surfaces of the bedding planes are frequently

covered with a film of extremely slippery wet soil which probably

facilitates the motion of blocks.

A few additional examples of exfoliation planes may be cited.

Rise 2008, northeast of Whortleberry pond has a northeastern slope

which dips at 17°. The ledges are terminated by the obliquely

dipping foliation (45° to the north), steep cross joints (dip 90°

to 83° to the east), horizontal flow lines and a few steeply tilted

longitudinal joints. Bedding planes follow the slope, and nonrotated

loose blocks were found three feet from the ledges.

The south slope of Beaver mountain dips at 30° to 33°. Bedding

planes embrace the flow lines
;
foliation and cross joints dip steeply.

The shape of the loose blocks is determined by the joint systems

and the exfoliation joints.

Rise 2171, Bad Luck mountain, the northeastern slope dips

at 27°, the foliation dips steeper (55°), cross joints dip at 80° to

the east, bedding planes are parallel to the slope.

The road metal quarry on the main highway, north of Twenty-

ninth pond, shows the vertical spacing of the exfoliation joints.

Near the surface, they dissect the syenite into slabs a few inches

thick, but farther down the slabs become thicker, and some 12 feet

below the surface the bedding planes cease.

Origin of the exfoliation planes. Most observers agree that

exfoliation is due to gradual unburdening and volume changes of

originally compressed rocks, aided by the effect of unequal expan-

sion and radiation of the minerals (comp. Matthes, ’30, p. 1 14-15).
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On steep mountain slopes where vegetation is scarce or absent the

planes are conspicuous and have been often described (W. J. Miller,

’ll, ’14, ’26, p. 68), but on forested slopes they are much less

conspicuous and seem to have escaped attention. Nevertheless, they

are among the most important instruments of the erosion. Since

the exfoliation planes surround the mountains as concentric shells,

their age dates back to the time when the particular mountain was

modeled out by the water courses. The speed of the corrasive action

of the running water, and the speed with which the creep on the

mountain slope keeps up with it are some of the factors which

determine the configuration of the slopes and of the exfoliation

planes as well.

A general physiographic problem presents itself in a region where

both dip slopes and exfoliation slopes are developed, as to what,

in the course of time, will be the development of the land surface

where dip slopes and exfoliation slopes compete. An exfoliation

slope, as we have seen, is an emergency action by nature which is

restored to if no primary structures take care of the removal of

loose material. A dip slope nearby, on the other hand, may have

such a low angle of dip that the lowering of its surface is appreciably

slower than that of the exfoliation slope. If, then, several mountains

with dip slopes, that is, with a very slow rate of denudation, sur-

round other mountains with exfoliation slopes, that is, with a com-

paratively fast rate of denudation, the corrasive work of the run-

ning water may be slowed down and this is liable to reflect on the

rate with which an exfoliation dome is denuded. If, on the other

hand, a dip slope is surrounded by several exfoliation slopes, the rate

of denudation is comparatively fast and the dip slope is liable to

break down, sooner or later, along an escarpment which separates

the local base of denudation from the slowly denuded level of the

dip slope. The quantitative relations in this competitive play are

unknown, but the principle inserts a factor of uncertainty in any

attempt to reconstruct the development of landforms in a region

where the primary structures of the rocks are not only complex,

but where their arrangement in space and inclination changes both

horizontally and vertically.

THE COURSE OF THE HUDSON RIVER

Although the Hudson river may be justly termed a consequent

stream in view of its direction radially outward from the center of

an uplifted mountain region, the details of its course, so far as the
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present quadrangle is concerned, are sufficiently varied as to warrant

a more detailed analysis.

Like the smaller creeks of the region, the Hudson has to face the

resistance of the rocks over which it flows, but owing to its greater

corrasive power it can overcome minor obstructions in its course

more easily. But, one may ask, how can the river pursue a straight

southward course through a barrier of anorthosite or syenite, many
miles thick? Was it only the tilt of the land due to the uplift

which enabled the river to maintain this direction?

There are a number of auxiliary and, for the most part, purely

accidental circumstances which have facilitated the river’s work.

The geology of the valley, from north to south, is briefly this

;

In the north the Hudson enters along the boundary between the

border facies and the massive anorthosite which happens to run due

south. Such border zones, wherever they are exposed in other

sections of the Adirondacks, are well foliated and locally schistose

so that they are weak belts for the action of running water.

At its southern end this supposedly weak zone happens to strike

the Tahawus gabbro which is resistant enough to force the river

out to the west. Here it touches the marble belt of Newcomb which

it follows for three miles.

From Harris lake on, however, the river deserts the weak marble

belt and turns directly south, heading against the great barrier of

the syenite massif, lo miles broad. The river traverses it in a

straight course, across the foliation of the rock. This part of the

valley is the most interesting one, and here the structural analysis of

the syenite helps to explain it.

On p. 45 the structure of the Vanderwhacker arch has been

described. It was pointed out that the Hudson pursues a course

not only along the western foot of this structural arch, but in the

structural syncline between this arch and the Chain lakes block which

lies to the west of it (figure 8). Thus the valley lies in a zone

where the flow lines pitch synclinally, causing and inviting con-

verging pitch slopes and thereby prescribing a valley of northerly

strike across the syenite massif. There remains a distance of some

three miles farther north which can not be accounted for by the

structural syncline. In this portion of the valley the regional tension

joints are especially closely spaced, the ledges in the river bed are

visibly breaking down along them (figure 34), and it is believed

that this factor has materially facilitated the carving-out of the valley.

The river thereby traverses the syenite along the only available zone

of weakness.
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At Gooley the Hudson encounters a marble belt of east-westerly

strike. The river turns fully 90° to the east and follows the marble

for eight miles. In the western part the belt is fairly broad, the

valley moderately wide. From Blue ledge on, however, sills of

syenite appear, the marble belt narrows and the Hudson enters a

canyon of great scenic beauty (figure 29). The southern embank-

ment follows the dip slopes of northward dipping sills. The north-

ern bank is steep, up to 1000 feet high, and is crowned by red and

pink syenite cliffs, the edges of northward dipping sills which are

everywhere undercut by the rapidly eroded Grenville marble at the

river level. Only once (one-half of a mile east of Kettle mountain)

the river has to cut its bed through syenite. The distance may be

even shorter than shown on the map.

Striking against the sill of Dutton mountain, the Hudson is forced

to abandon its eastward course and turns directly south, following

the only available weak zone of Grenville rocks between the large

Dutton Mountain sill and the Black Mountain sills to the west (fig-

ure 14). This direction is retained by the river until it passes out

into the Thirteenth Lake quadrangle, where it turns to the east again.

If these heterogeneous portions of the river valley are studied,

it appears that the course of the Hudson as it now exists, is every-

where prescribed by local zones of weakness in the rocks. A slight

change in the accidental configuration or relative position of any

of the controlling factors would have a far-reaching effect on the

course of the river. For instance, if the Tahawus gabbro lay a

little farther east or a few hundred feet lower in the earth’s crust,

the river would flow into the valley now occupied by Vanderwhacker

brook and Boreas river. Or if the Newcomb marble belt were

drained westwards at a level lower than Rich and Harris lakes, the

river would flow west, join the Raquette river and empty into the

St Lawrence river. As a matter of fact, the divide in the marble

belt is so low that it lies in the midst of a swamp (south of Polli-

wog pond in the Blue Mountain quadrangle). It is highly prob-

able that the marble belt originally did drain to the west, and that

this river has been tapped by a stream working northward along the

zone Gooley-Harris lake.

The zone Gooley-Dutton mountain would not exist if the syenite

sills there had a different thickness, arrangement in space or a differ-

ent tilt (as they have elsewhere). The accidental fact that Dutton

mountain is a flat and broad sill and is underlain by a few other

acidic sills strengthens the Grenville formation sufficiently to resist

the river’s forces and to deflect its course. If the sill had been
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intruded a mile farther north, if the dip angle were 20° steeper

or if the sill were narrower, the valley would probably continue

eastward and would drain into the Schroon river.

The course from Dutton mountain southward is also conditioned

by the local geology. If the Black Mountain sills happened to extend

two miles farther east, joining Moxham mountain (Schroon Lake

sheet), the valley would continue eastward, through Trout brook.

Thus the present course of the Hudson river connects a number

of zones of weakness in the Precambrian rocks
;
each one of them

is purely accidentally located, and it is certain that every one of the

weak zones has migrated vertically as well as horizontally. It is

concluded therefore that the connections between the individual

zones of weakness have also changed in time, and that the course

of a primordial Hudson river at an appreciably higher level must

have also differed from that which the present stream occupies. A
few instances may illustrate this : The gabbro of Tahawus could

not make itself felt some 400 feet above the present level. How
far up the structure syncline between Chain lakes and the Vander-

whacker arch extended is unknown, but certainly not indefinitely.

A sill like Dutton mountain did not exist in a level above its present

top and could not possibly have deflected the course of any river.

The present course of the Hudson river in the quadrangle, although

at first sight suggesting a typical consequent stream, would seem to

be the result of casual coalescence of originally disconnected, inde-

jrendent drainage areas. Competitive denudation of the various

geological and structural units, the inevitable breaking down of

divides here and there, stream capture between the different catch-

ment basins and the powerful structural control of the creep and

the deepening of the drainage channels seem to be the principal

factors responsible for the gradual development of the valley of

the river.

The mechanism of competitive denudation in the quadrangle is

more complicated than in folded sedimentary rocks. In normal

sediments, the local thickness of the individual horizons is usually

known; the elements of gentle (open) folding are reliable and known
in their directions for considerable distances ; one can trust that

this or that folded key bed with a definite thickness in a hypothet-

ical level would have outcropped at this or that line. This can not

be attempted, unfortunately, in the Precambrian rocks. One can

not state with definiteness just how thick or how long any partic-

ular sill of syenite has been
;
how far it extended in any particular

direction; whether its dip angles were constant; whether it merged
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somewhere with another sill; whether it was strongly jointed, foli-

ated or stretched. Nevertheless, the rate of denudation in every

catchment basin was determined by the balance of all these factors.

The zones of least resistance in any one drainage area migrate in

independent directions and the balance of the controlling factors

is never constant for any length of time.

The role of the glacial drift has not been discussed as it does

not seem to have affected the course of the Hudson within this

quadrangle.

ECONOMIC GEOLOGY
Garnet. This is the only economically valuable mineral in the

quadrangle [Newland, D. H. (Tq, p. 79-85) ;
Myers and Anderson

(’25, p. 22-23)]. Only one pit is under operation. The open garnet

pit of the American Glue Company (also known as Crehore Mine

;

(Newland, ’19, p. 83) is located 400 feet north of the main high-

way from North River to Indian Lake village, in the valley between

Casey mountain and Rise 2543—Black mountain. The garnetiferous

rock is a medium-grained dark green amphibolite through which

small nodules of garnet are scattered. The larger crystals are often

intergrown with hornblende, pyroxene, biotite and plagioclase and

may include a pegmatitic core. The garnets are frequently concen-

trated along subparallel planes and the single crystals may be con-

nected by a network of white pegmatite. The pit measures 130 feet

in east-west, and 30 feet in north-south direction. The garnet

averages 4 per cent in the rock.

The writer considers the amphibolite a lenticular segregation of

the syenite rather than an assimilated inclusion of Grenville marble.

The theory that inclusions of this rock might have been transformed

into amphibolites has been considered but discarded on p. 56. An
alternative that the rock represents a metamorphosed basic dike is

likewise unsatisfactory. The conformity of the amphibolites with

the syenitic foliation, their lens-shaped outline, the identity of their

internal structure with the syenite hardly support such an interpreta-

tion. One would expect to find as many dikes in the surrounding

Grenville rocks as in the syenite, but they are exceedingly rare.

Those which occur are younger than the syenite. The most satis-

factory explanation, in the writer’s opinion, is the assumption that

the normal basic minerals of the syenite magma have gathered.

Yielding to the strong differential movements which the advancing

sill underwent, they were forced to arrange themselves into a lens.

The northern (upper) contact of this lens of amphibolite is exposed
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in the pit. The contact plane dips at 43° to the north, conformably

to the foliation inside and outside the amphibolite. The syenite has

secreted along the boundary a pegmatitic rim, two to four inches

thick. A hundred eighty feet to the west is a ledge of syenite with

the foliation dipping to the north. The amphibolite seems to have

lensed out in this direction or is concealed beneath glacial drift.

The eastward continuation is concealed below gravel and drift.

Other occurrences are as follows

:

1 A little north of the summit of Casey mountain, one-half of a

mile to the west of the pit of the American Glue Company, there

is an abandoned garnet pit, 30 by 10 feet wide. The character of

the ore and the geological position of the rock closely resemble the

other occurrence.

2 An apparently rich occurrence is one-half of a mile east of Bull-

head pond, on the southern slope of Rise 2102, near the western

margin of the quadrangle. An abandoned pit exposes gabbroic

amphibolite which is a part of a large mass of gabbro on the south-

eastern slope of the mountain. The amphibolite is considered the

southern schistose border of the gabbro. The rock is dark green,

medium to coarse-grained and characterized by large garnet crystals

or lumps of them. The relative frequency of them may be seen

from a few measurements on exposed rock surfaces.

ROCK SURFACE EXAMINED

14.2 square feet

10.7 square feet

36.8 square feet

5.7 square feet

TOTAL SURFACE OCCUPIED BY GARNET
CRYSTALS

1.2 square feet

1. 1 square feet

2.2 square feet

0.4 square feet

The areal percentage of garnet varies between 5.9 and 10.4, but

the average volume percentage in the rock may be somewhat below

that since only such portions of the pit have been measured which

showed many garnet crystals.

The average diameter of the garnet balls is two to three inches,

and some measure as much as seven inches. Most of the crystals

are surrounded by a rim of hornblende one-half to one inch thick,

or of hornblende, augite, biotite and chlorite, and small pockets of

pegmatite are often associated with them. Here, too, the garnets

show a certain concentration along the imperfectly developed folia-

tion planes. The gabbro-amphibolite continues northward, but is

devoid of garnets. To the west and farther north it grades into

typical gabbro.

3

Black mountains. There are two abandoned pits on the south-

eastern slope of Rise 2320, one mile southeast of Black Mountain
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ponds, and on the southern end of the southeast spur of Rise 2543,

respectively. Both occurrences resemble closely the first-mentioned

locality with respect to the host rock, concentration of garnets and

the geological position near the lower (southern) border of syenite

sills. Attention may be directed also to a garnetiferous amphibo-

lite which outcrops north of the brook that drains the Black Moun-
tain pond to the east, on the southern slope of Rise 2221. The rock

has been classified tentatively with the Grenville formation but the

appearance of garnet nodules is the same as in those amphibolites

whose igneous nature seems certain.

Rise 1900, one mile east of McGinn hill. There is a small aban-

doned opening, on top of the hill in massive hornblende gabbro.

Lumps of massive rock are surrounded by slightly foliated gabbro-

amphibolite. Several large acid pegmatites traverse the rock, con-

taining blocks of gabbro as inclusions. The garnets are concentrated

only within the small pit, the crystals measure two to three inches

in diameter.

Tourmaline, The famous tourmaline locality on the south shore

of Harris lake at Newcomb (see Nason, ’88), seems to be exhausted

now. No tourmaline was found by the writer in spite of a careful

search. The old locality has yielded tourmaline, “brown and green,

blue apatite, sphene, zircon, muscovite, smoky quartz, scapolite, albite,

graphite, hematite, pyroxene and pyrite. The tourmalines are occa-

sionally of very large size
;
one crystal measures eight inches in

length by four inches in breadth, or 12 inches in circumference”

(Nason, ’88, p. 6).

Small crystals of blue apatite with perfect terminations were found

in the ledge at the dam where the old wagon road crosses the channel

between Rich lake and Harris lake. The rock is rich in wollastonite.

On the south shore of Goodenow river, below Fishing rock, large

tourmaline crystals were found in the Grenville marble. One prism

measured more than a foot in length and two inches in breadth.

Building stones. Although the supply is inexhaustible, there is

practically no demand for building stones, except for the main-

tenance of the highways. There are road metal quarries in syenite

at the following localities : east slope of Rise 2240, one-half of a

mile north of Twenty-ninth pond; southwestern foot of Casey moun-

tain; one-quarter of a mile south of the main highway west of

Newcomb, on the trail that leads to Goodenow pond; on the main

highway, one mile southwest of Pine hill. Only the first one is

under operation.
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Figure 29 The Hudson river near Kettle mountain. Looking northwest,
upstream. The cliffs are the southern edges of northward dipping sills of pink
acidic syenite. They are underlain by Grenville sediments which constitute
the lower two-thirds of the embankment. A cliff of marble is visible in the
foreground.

Figure 30 Dutton mountain on the east shore of the Hudson river.

Looking north, upstream. This is a sill of syenite which composes the upper
half of the rise. Below is the Grenville formation. (Compare figure 31).
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Figure 31 Dutton mountain and the Deer Creek valley. Looking west.

The valley is made up of Grenville marble. On it rests an almost hori-
zontal sill of syenite which constitutes the mountain. The floor of the

sill is exposed at the base of the cliff to the left, and at several other
points.

Figure 32 Blue ledge, on the Hudson.
Looking southeast, downstream. The cliff

shows a sill of syenite which dips gently to

the southwest. The brink of the escarp-

ment is Grenville marble which covers the

sill. The floor is not visible.
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Figure 35 Syenite, on the main highway, northeast of Twenty-ninth
pond. Looking north-northwest. The foliation of the rock lies horizontal.

Flow lines strike east-west. The joint system which runs from left to

right, parallels the strike of the flow lines, whereas the regional cross
joints run at right angles to the plane of the picture.

Figure 36 Cliff of syenite, bed of the Hudson, southwest of Tahawus.
The wall along which the water cascades is a diabase dike which strikes

parallel with the main joint system.
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Figure 37 Glacial till, south of Tahawus.

Figure 38 Ledge of syenite, two miles southeast of McGinn hill. The
slope dips to the left. The creep on the slope has removed the block to

the left from the main ledge, and a vertical cross joint has facilitated the

process by limiting the original size of the blocks. The flat plane on which
the movement proceeds is a bedding plane.

[103]
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