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OUTLINE OF REPORT.

After a brief introductory sketch of the Triassic area of Connecticut and a review
of the labors of geologists upon it, the history of the region is treated in three
parts, entitled Deposition, Deformation, and Denudation. The floor upon which
the Triassic strata rest is regarded as a rough peneplain, the result of the long-con-
tinned denndation of an earlier mountain range. A part of this peneplain being
depressed to form a trough in which the Triassic strata were accumulated, the con-
ditions prevailing during the period of deposition are examined and the sequence of
strata thus formed is described. Especial interest attaches to the igneous rocks,
which are found in three forms—dikes, occupying fissures: intrusive sills, driven in
between the strata nearly parallel to the bedding planes; and extrusive flows, exten-
sively poured ont at three successive epochs. The evidence of extrusion and intru-
sion is presented in detail, with particular attention to the nature of the argument
by which a conclusion is reached. Brief paragraphs are given to vuleanism and
isostasy, the first advocating deep-seated forces resulting from the deformation of
the earth’s erust as the chief cause of the ascent of lavas toward or to the surface,
the second doubting the sufficiency of crustal equilibrium to explain the facts here
observed.

Part 11, Deformation, includes warping, fanlting, tilting, and uplifting. The
argument leading to the demonstration of faults receives close attention, and the
extrusive lava tflows are shown to have a high value in this connection. The faults
are described in detail under two classes: I'irst, those which traverse the Triassic
area; second, those which determine its margin, especially along the eastern side.
The proof of the existence of faults is then reviewed, and the arrangement of two
belts of black shale is introduced to give them final confirmation. The extrusive
flows are manifestly of earlier date than the faulting, and the intrusive sills are
likewise shown, in all probability, to have taken their places before the time of
tilting and faulting. This division of the report closes with an explanation of the
process by which the warped and faulted monoclinal structure is thought to have
been produced.

Part II1, Denudation, includes a consideration of the various forms that the region
has had from the time when deposition was stopped by deformation to the present
day. Particular attention is given to forms obtaining at three stages: First, the
oblique ridges initiated by the monoclinal faulting; second, the peneplain produced
at the close of the first cycle of erosion; third, the present form carved in the
uplifted peneplain of the first cyele. The importance of composite topography, the
product of two cycles of erosion separated by a movement of the land mass with
respect to base-level, is thus emphasized. The different treatment of faults in geo-
logical and geographical problems is illustrated. Account is given of some of the
notches in the trap ridges now or formerly occupied by transverse streams, and
the origin of the existing drainage arrangement is explained. A brief statement
concerning glacial deposits and recent changes of level closes this division of the
report. A reconstruction of the original Triassic basin is then attempted. It will
be noted that problems of paleontology and petrography are not included in the
report.

9



10 OUTLINE OF REPORT.

Most readers may to advantage pass quickly over those sections which treat of
repeated examples of similarstructures. Thus, under “ Dikes” the sections on Mount
Carmel and Fairhaven will suffice for their needs. Under ‘“Ridges of the western
range” West Rock or Gaylord Mountain will serve as typical structures. For the
Eastern Range the anterior sheet is well shown under Lamentation Mountain and at
Tariffville; the main sheet, in Saltonstall Mountain or Quarry Ridge; the posterior
sheet, back of Lamentation. The discussion of the date at which the sills were
intruded is considered important. It is presented on pages 79, 80, and 81. InPart II
the geometrical relations of faults and the illustrations of these relations in Lamen-
tation and East Talcott blocks will be found suggestive. The summary of the evi-
dence of faulting gives a measure of the validity of the hypothesis offered to account
for the facts of observation. In Part III the discussion of the Cretaceous peneplain
is considered important. The explanation of the arrangement of the existing streams
may interest readers of a speculative turn of mind. The reconstruction of the
entire Triassic structure from such of the remaining parts as are now in sight may
recall attempts of a similar kind undertaken in the study of ancient organic forms.



THE TRIASSIC FORMATION OF CONNECTICUT.

By WiLLiam M. DAVIs.

INTRODUCTION.
THE CONNECTICUT VALLEY LOWLAND.

When the early colonists on Massachusetts Bay ¢became like a
hive overstocked with bees, and many thought of swarming into new
plantations,” as Cotton Mather said at the time, some of the more
adventurous pushed their way into the interior, and after crossing a
rugged region of uplands and valleys came upon a fertile lowland
through which ran the Connecticut River. Here the old settlements of
Windsor, Hartford, and Wethersfield were founded. Beyond, the up
lands rose even higher than before. Thus as early as 1637 the broad
depression worn down on the weak Triassic sandstones between the
resistant erystalline rocks of the uplands exerted a determining influ-
ence on the history of New England.

Even to this day the uplands repel rather than invite occupation.
The isolated manufacturing villages in the upland valleys have, indeed,
during this half of our century grown rapidly, but the population of the
hill towns has now for many years been stationary or has turned to a
decline. The broad lowland, on the other hand, becomes year by year
more populous. Its farms prosper and its villages and cities flourish.
The underlying cause of the strong difference in human opportunity is
found here, as so often elsewhere, in the geological structure and geo-
graphical development of the region. The uplands consist of resistant
schists and gneisses. These withstand the destructive attacks of the
weather so well that they are only trenched by marrow valleys, and
still retain over large areas a good measure of the height that was
given them by the last general elevation of the region above sea level.
The lowland is underlain by relatively weak sandstones and shales, and
although this belt was at the time of general elevation lifted to as great
an altitude as that given to the areas of harder rock on eitber side, the
sandstones and shales have already wasted down to a lowland of mod-
erate relief. The many manufacturing villages in the valleys of the
uplands are shut in and separated by the hills on either side. Move-
ment there is difficult except in the direction of the streams. On the

11



12 TRIASSIC FORMATION OF CONNECTICUT.

lowland the surface is comparatively smooth. A great part of it is open
to easy occupation, and movement is easy from place to place in almost
any direction. Only here and there ridges of harder rocks rise over
the low ground, and these are so often broken by deep notches that
they serve rather as boundaries than barriers between the valley towns.
Large villages and populous cities have grown upon the lowland; rail-
roads traverseitlengthwise and crosswise; agriculture thrives,as well as
manufactures. While the uplands—¢the land of the lingering snow”—
have a rigorous and forbidding climate, the lowland yields products,
such as tobaceo and peaches, that one does not ordinarily think of as
associated with the farms of New England, but refers instead to a
region of milder climate. The harvests of the lowland certainly can
not compete with those of the western prairies, but the humbler forms

~of plant life find here so good a home that garden seeds are raised as
an important article of trade. The hospitality of the lowland extends
to its schools and colleges, which not only educate its own youth, but
attract boys and girls from the uplands and young men and young
women from all parts of the country. And all these unlikenesses of
the lowland to the upland are because the rocks of the one have wasted
away, while those of the other have, comparatively speaking, endured.
Here is taught one of those simple and impressive lessons of the
dependence of the manner of our life on the structure and sculpture of
the land.

It is the purpose of this report to lead the reader toward an under-
standing of the existing geographical conditions of the Connecticut
Valley through its geological history. The processes of the distant
past must be restored from the records of their action still preserved.
The whole must be inferred from its remaining parts. The succession
of geological processes must be reconstructed in proper order by rea-
sonable argument until they lead as accurately as possible to the
evolution of the conditions now before us. It may thus be possible in
the end to perceive how long and how unconscious the preparation has
been for the geographical surroundings that control the population of
this part of southern New England to-day.

UPLAND AND LOWLAND.

The area to be here described has no popular name that is precisely
applied. The lowland as a whole includes part of the valley of the
Connecticut River; but that extensive trough has its beginning far
north, between the marginal slopes of New Hampshire and Vermont,
and, properly speaking, the river valley departs southeastward from
the lowland where the Connecticut enters the eastern upland at Mid-
dletown. The southern part of the lowland does not fall within the
basin of the Connecticut River, but is drained by several small streams
that enter New Haven Harbor. It is only by a geological definition
that the lowland can be satisfactorily bounded. As already stated, it
includes a belt of country underlain by weak sandstones and shales and
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bounded by harder rocks on the east and west. The geological name of
the sandstones can not advisedly be applied to the lowland for several
reasons: First, because, in spite of their strong unlikeness to the rocks
of the upland, they have not, as a group, received any popular name
from the people of the region; further, no one of the geological names
applied to the sandstones and shales is to-day generallyadopted. ¢ New
Red sandstone” is an antiquated term. ¢Triassic” is by some regarded
as of questionable propriety, because it implies too definite correlation of
the valley formation with a certain division of the geological series
elsewhere. ‘Newark,” a term introduced expressly in order not to
imply definite correlations for indefinite formations, is not yet suffi-
ciently domesticated in Connecticut to serve satisfactorily as a name
for the valley lowland or for the

title of this report as a whole,

however well it may guard

against the expression of over

confident knowledge. More-

over, these geological names

apply to other areas of sand-

stones and shales, both to the

northeast in Nova Scotia and to

the southwest in New Jersey,

Pennsylvania,and Virginia. In

view of these various objections

to geological terms and in lien

of any better name, it has come

to be my habit to call the distriet
the “Connecticut Valley Low-

land,” the proper name being

taken from the river and the

State with which the lowland is

associated, and the compound topographic name being intended to sep-
arate this open belt of low ground from the narrow valleys elsewhere fol-
lowed by the Connecticut River. The accompanying sketch map (fig. 1)
will make this plain. Between the rugged uplands on the east and
westlies the Valley Lowland, stretching from north to south. Its entire
length is 95 miles. Its width varies from 5 miles near either end to 15
or 18 miles about the middle. Its area is about 1,000 square miles,
Of this total, Massachusetts has approximately a third, and that por-
tion is treated in a monograph by Prof. B. K. Emerson.! The remaining
600 or more square miles are in Connecticut, and this portion only is
considered in the present report.”

::Massachusetts
27 :

-Léé\g 1sland Sound

F16.1.—Uplands and Lowland of middle Connecticut.

'"The geology of old Hampshire County, Massachusetts, comprising Franklin, Hampshire, and
Hm:gul(m counties: Mon. U, S. Geol. Survey, Vol. XXIX; in press.

* A small outlying area of sandstones and shales, with associated trap rocks, known as the South-
bury area, lies about 12 miles west of the main area, south of middle Connecticut. This was described
in the Seventh Annual Report of the Geological Survey.
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The uplands that inclose the Valley Lowland on the east and west
rise from their low southern margin on Long Island Sound at an
average rate of about 20 feet in a mile, thus attaining elevations of
1,000 feet at the northern boundary of Conneeticut; then, ascending
more slowly, they rise to 1,200 or 1,400 feet at the northern border of
Massachusetts. From any of the upland hills the view across the
upland discloses a succession of other hills of roughly similar height,
still bearing much wood on summits and flanks, thinly inhabited, and
more or less deeply separated by valleys. But from a hill summit on
the border of the uplands the lowland is seen to lie like a broad trough
within well-defined inclosing walls. At the southern border of Con-
necticut the lowland dips under the waters of Long Island Sound, its
middle part underlying New Haven Harbor. At the northern border
the average elevation of the lowland floor is hardly 100 feet, and near
the northern border of Massachusetts it is only about twice as high.
Just as the upland is interrupted by the valleys that are sunk beneath
its surface, so conversely the lowland is diversified by the notched
ridges that often rise above its plain to the upland height. Unlike
the lowland, which is underlain chiefly by sandstones and shales,
these ridges are in most cases defined by the outcropping edges of
inclined trap sheets or lava beds, trending about north and south, to
which a peculiar interest attaches, not only on account of the period
of ancient voleanic action that they record in the history of the region,
but also because—as will appear in the sequel—it is chiefly by means
of the lava beds that the structure of the lowland belt can be
deciphered.

On examining the lowland the order and attitude of its bedded rocks
first take our attention. When the sandstones and shales of the low-
land are observed, their layers are found with few exceptions to dip
under ground at a moderate angle of 15 or 20 degrees to the eastward.
The lava beds have the same general attitude. It may be inferred from
this monoclinal structure that the oldest members of the lowland
series, the basal members of the whole succession of sedimentary and
volcanic strata, must lie along the western border of the lowland. The
youngest members may, on the other hand, be searched for along the
eastern border of the lowland, and in a very general way one might
expect to pass from the oldest to the youngest members of the series
while crossing the valley from west to east. This rule will be later
found to submit to many exceptions; yet it may serve for the present
to introduce the natural order in which our studies will advance.

Beginning along the western border of the lowland, we must search
for the undermost member of the bedded rocks, and discover at the
same time the foundation on which it lies. On finding the foundation,
we must make inquiry as to its nature and origin, and as to the change
in conditions by which a beginning in the deposition of the red sand-
stone was introduced. The succession of the whole series of lowland
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strata, aqueous and igneous, must then be made out, and the conditions
and processes of their formation inferred; thus a general understand-
ing of the period of deposition in the history of the wvalley will be
acquired, and this will occupy the first division of our report. The
geological date of the period of deposition must be settled entirely by
paleontological studies, which are not here undertaken. The disturbed
attitude in which the strata now stand and the character of the deform-
ing forces which gave the present uplifted and tilted position to the
entire mass must next be investigated, and this will constitute the
second division of the report. The study of the denudation by which
the manifest former extension of the inclined strata has been much
reduced is finally to be undertaken, and here we shall hope to learn
the manner in which the present form of the region has been carved;
this forming the third and last division of the report. Briefly stated,
these divisions may be grouped under three headings—deposition,
deformation, and denudation. A short sketch of the history of geolog-
ical exploration in the valley will detain us but little from beginning
the geological exploration of its history.

PREVIOUS STUDIES OF THE CONNECTICUT TRIASSIC.

The names of two American geologists, Percival and Dana, will
always be closely connected with the study of the Triassic formation
in Connecticut. James G. Percival was appointed State geologist in
1835, and during the five years following he accomplished a remarkable
piece of geological exploration. His methods were those of an earlier
stage of our science, but his accuracy of observation and his persever-
ance in tracing out the tangles of complicated structures have not been
exceeded in later years. Hisreport, published in 1842, is a painstaking
record of facts observed in his repeated traverses of the State. IHis
map of the trap ridges is remarkably accurate, and the desecription of
them in the text is detailed in a high degree. Nearly every ridge is
located and grouped according to a peculiar system of classification,
based on relative positions. Percival recognized the constant relation
of the subordinate trap ridges before and behind the larger main
ridges, and his terms “anterior” and ‘“posterior” are still in use,
although with an enlarged meaning. But he does not seem to have
had the least idea that the most of these ridges were outpoured lava
beds; all are described as if they were dikes or intrusions. No sugges-
tion is made as to the occurrence of faults in the Trias, although sev-
eral fault breccias are deseribed in his report under the name of “clay
dikes.” 1

Prof. James D. Dana gave much attention to the southern portion of
the Triassic belt in the neighborhood of New Haven, particularly to the
trap ridges of that district, which he described or referred to in a
number of essays. Accepting Percival’s recoids and supplementing

1Report on the Geology of the State of Connecticut, by James G. Percival, New Haven, 1842, p. 220.




16 TRIASSIC FORMATION OF CONNECTICUT,

them by local study, he discussed also the theoretical explanation of
the observed structures. It is with regret that during the progress
of my own studies, as well as in preparing this final report upon them,
I have been compelled to dissent from a number of his conclusions. In-
deed, had it not been for the great weight of an opinion supported by
his name, I should not, either in the field or in this record, have given
so much attention to the minute peculiarities attending the contacts of
the trap sheets with the overlying sedimentary strata—the so-called
“upper contacts”—upon which depends the interpretation of the origin
of the trap sheets, and through these the elucidation of the structure
of the formation.

In the investigation and literature of the Massachusetts area the
names of Ilitchcock and IEmerson are preeminent: the first in connec-
tion with his account of the Triassic formation in the Final Report on
the Geology of Massachusetts (1841), and with a large number of inde-
pendent essays in which the Triassic rocks are described; the second,
from the extension of earlier views in the light of more modern methods.

Besides these leading investigators there are many others whose
names come to mind in recalling the early studies that opened the way
for later work. Beginning as early as 1810, Benjamin Silliman published
a number of articles on the Triassic rocks, chiefly in the Journal which
became famous under his name. Omne of these contains a suggestion
which a number of years ago seemed to me to have a pointed bearing
on more modern work. Referring to the structural relation of the igne-
ous and stratified rocks, Silliman wrote: “I take the liberty to request
that those who may haveit in their power will make preeise observations
upon the appearances at the junctions . . . accompanied by drawings
and specimens when convenient, and at least with accurate descrip-
tion. We might thus be in a condition to form a general opinion of the
origin of our trap rocks.”!

On entering the valley in 1841 and finding the relations of its traps
and sandstones differently explained by various observers, I conceived
a plan of work similar to that advocated by Silliman; and when his
statement was found, several years later, it was adopted as a text in the
introduction to one of my earliest papers on the region.

It was perhaps in response to Silliman’s request for local observations
that A. Smith and A. B. Chapin published brief essays in 1832 and
1835. Shepard’s Report on the Geological Survey of Connecticut, pub-
lished in 1837, is devoted chiefly to minerals and rocks, with little ref-
erence to their geological relations. Closely following the appearance
of Percival’s report, the Rogers brothers, and soon after them B. Silli-
man, jr., and J. D. Whelpley, discussed certain structural problems,
especially the origin of the monoclinal attitude of the formation.

For a period of about thirty years little attention seems to have been
given to structural studies in the Connecticut division of the Valley
Lowland, although during this time great interest was aroused by the

I Am. Juur Sci., 1st series, Vol. X VII, 1830, p. 131,
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publications of Hitechecock and Deane on the footprints preserved in the
sandstones in Massachusetts. In 1871 J. D. Dana published a detailed
account of the Geology of the New Haven Region,' and shortly after-
wards . S. Dana and G. W. Hawes gave the first descriptions of the
trap rocks in accordance with modern petrographic methods. In later
years the elder Dana made a minute study of the ¢ I'our Rocks” of the
New Haven district, J. . Chapin described the Hanging Hills and
other trap ridges around Meriden, Prof. W. North Rice gave an account
of the contact of the anterior trap sheet with the overlying sandstones
in the gorge of the Farmington River at Tariffville, and Dr. E. O. Hovey,
then a student under Professor Dana, described several of the trap
ridges east of New Haven.

A convenient means of referring to all these and to many other pub-
lications on this subject is found in Russell’s compendious bibliography
in his correlation paper on the Newark system.?

My own studies on this region began in a visit made to the Massa-
chusetts division of the Valley Lowland with the Harvard summer
school in geology in 1877, when the unsolved structural problems of
the sandstones and lava beds excited my interest and invited further
observation. During the summer of 1882 much of my college vacation
was given to excursions over the Valley Lowland of Massachusetts and
Connecticut, as well as in the Newark area of New York and New
Jersey. A few years later several seasons of field work were spent in
the Connecticut district for the United States Geological Survey, under
the general direction at first of Mr. Raphael Pumpelly and later of Mr.
G. K. Gilbert. About the same time close and repeated inspection of
the Meriden district was made during sucecessive sessions of the Harvard
summer school in geology, which adopted this attractive locality as one
of its training grounds in field study under my direction for several
seasons. During this time I had as assistants for various brief periods
Mr. C. L. Whittle, with whose aid the problem of sandstone and trap
contacts was particularly studied; Dr. E. O. Hovey, who examined the
structure of the New Haven district; Dr. H. B. Kiimmel, who deci-
phered the details of faulting west and north of Hartford; Prof.
W. North Rice, of Middletown, Connecticut, who surveyed his local
district with the aid of several of his students (Messrs. Bryant, Graham,
and E. L. Rice); Mr. S. Ward Loper, who collected numerous fossils
from the beds of black shale; and Mr. L. S. Griswold, who examined
" the eastern and western borders of the district, traced various fault
lines across the lowland belt, and finally revised the more difficult
problems of earlier seasons. Assistance in field work was also given
by Mr. J. H. Merrill in the Meriden district, Mr. L. J. Westgate around
Middletown. and Mr. C. L. Rich in the detached Southbury basin of the
Western Upland. While pursuing through the whole course of this

! Trans. Connecticut Acad. Arts Sei., Vol. IT, 1871, pp.45-112.
2 Bull. U. 8. Geol. Survey No. 85, 1892,

18 ¢moL, PT 2 2
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work a definite object—the solution of the structural problems of the
region—the collaboration of these gentlemen has afforded a means of
testing in the most thorough manner the various theories that have
been suggested to account for the observed facts. As the conclusions
reached concerning the relations of the traps to the sedimentaries and
concerning the faults by which the formation is dislocated have been
almost unanimously accepted by all these workers in the field, I have
confidence that the presentation of these conclusions in the following
report may be regarded as well based. Dr. Hovey is, I believe, disin-
clined to regard the trap sheets in all the eastern ridges as overflows
preferring still to consider the sheets in the neighborhood of Blanford
as intrusive; but with this exception all the observers who have been
associated with me have come to the same opinions in the end.

It should be explicitly stated that two important problems have been
omitted from the field studies and from the discussions of this report.
The age of the formation has not been inquired into; the most recent
examination of this vexed problem is to be found in Russell’'s correla-
tion paper on the Newark system, above referred to. The petrograph-
ical composition of the rocks has not been studied as an object in itself,
although some attention has been given to it, especially by Mr. Whittle.

The following essays have been published in the form of reports of
progress on my own work:

Brief notice of observations on the Triassic trap rocks of Massachusetts, Connecti-
cut, and New Jersey: Am. Jour. Sci., 3d series, Vol. XXIV, 1882, pp. 345-349.

The structural value of the trap ridges of the Connecticut Valley: Proe. Boston
Soe. Nat. Hist., Vol. XXTI, 1882, pp. 116-124,

On the relation of the Triassic traps and sandstones of the Eastern United States:
Bull. Mus. Comp. Zool. Harvard Coll., Vol. VII, 1883, pp. 249-309.

Mechanical origin of the Triassic monoclinal in the Connecticut Valley: Proc.
Am. Assoc. Adv. Sei., Vol. XXXV, 1886, pp. 224-227.

The structure of the Triassic formation of the Connecticut Valley: Am. Jour. Sei.,
3d series, Vol. XXXVII, 1886, pp. 342-352.

The ash bed at Meriden and its structural relations: Trans. Meriden Sci. Assoc.,
Vol. I11, 1888, pp. 23-30.

The structure of the Triassic formation in the Connecticut Valley: Seventh
Ann. Rept. U. S. Geol. Survey, 1885-86 (1888), pp. 455-490.

Topographic development of the Triassic formation of the Connecticut Valley :
Am. Jour. Sci., 3d series, Vol. XXXVII, 1889, pp. 423-434.

The faults in the Triassic formation near Meriden, Connecticut: Bull. Mus. Comp.
Zool. Harvard Coll., Vol. XVI, 1889, pp. 61-87.

The intrusive and extrusive Triassic trap sheet$ of the Connecticut Valley (jointly
with C. L. Whittle): Ibid., Vol. XVI, 1889, pp. 99-138.

Two belts of fossiliferous black shale in the Triassic formation of Connecticut
(jointly with S. W. Loper): Bull. Geol. Soc. America, Vol. II, 1891, pp. 415-430.

The lost volcanoes of Connecticut: Pop. Sci. Monthly, December, 1891, pp. 221-235.

Eastern boundary of the Connecticut Triassic (jointly with L. S. Griswold): Bull.
Geol. Soc. America, Vol. V, 1894, pp. 515-530.

The physical geography of southern New England: Nat. Geog. Monographs, Vol.
1, 1895, pp. 269-304.

The quarries in the lava beds at Meriden, Connecticut: Am. Jour. Sci., Vol. I, 1896,
pp. 1-13.



PART I.—DEPOSITION.
THE FLOOR OF OLDER ROCKS.

UNCONFORMABLE CONTACT OF TRIAS ON CRYSTALLINES.

The first problem here encountered concerns the relation of the sand-
stones and shales of the Valley Lowland to the foundation of older rocks
on which they lie. Fortunately, the general eastward dip of the strata
immediately suggests that the foundation should be looked for along
the west side of the valley. But although the western border of the
valley belt has been very carefully searched, and although at many
places a close approach of the lower sandstones to the fundamental
crystalline rocks on the descending slope of the Western Upland has
been found, the two are seen in actual contact in only one place. This
is in the ravine of Roaring Brook,' about 2 miles west of Southington—

()
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el

Western Upland

\

a most interesting locality, perhaps known locally for some time past,
but first brought to the attention of geologists by Mr. J. A. Merrill,
The exposures are here so clear and fresh as to leave nothing to be
desired on that score.

The crystalline schists, with strike N. 20° E. and dip 80° L., are cut
by the brook to the depth of 5 or 10 feet beneath the somewhat irregular
contact surface of the two formations, disclosing their usual foliated
structure. The schists are clean and firm directly to the line of contact,
which may be traced for a distance of nearly 100 feet in two unequal
exposures, with minor vertical irregularities of 2 or 3 feet. Directly
upon this uneven surface lie the sands and pebbles of the oldest known
strata of the Triassic formation in Connecticut, fitting their curving

TFi1a. 2.—Basal contact at Roaring Brook, Sonthington.

1This name is given to several other brooks that, like this one, hasten down the slope of the uplands.
19
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layers perfectly to the inequalities of the floor. Pls. IT and ITI illustrate
parts of the contact. The floor is so minutely uneven and so free from
all signs of displacement of the upper mass on the lower, that we may
be sure that the strata of the pebbly sandstones were not brought upon
the schists by any dislocation or overthrusting, but that the sand-
stones still occupy the position relative to the schists in which they
were deposited. Notonly so: the pebbly sandstones contain fragments
of quartz and schist, some of which may be identified as corresponding
to the erystalline rocks in place in their neighborhood; and this gives
assurance that the sandstones were made from the ruins of the founda-
tion rocks on which they lie.

The ravine of Roaring Brook is the only place in Connecticut where
the sandstones have been found resting directly, undisturbed, on the
schists; but the relative attitude of the two formations, where neigh-
boring outerops are exposed at many other points along the western
border of the valley, is such as to indicate that the contact at Roaring
Brook may be taken as typical of an unconformity that prevails for a
number of miles north and south of its locality. Thisis particularly true
for a part of the boundary, 10 or mere miles in length, north and south
of Southington. In Massachusetts several ravine contacts have been
found by Emerson. They resemble that of Roaring Brook in essential
particulars, and thus confirm the interpretation of its local features as
the isolated exhibition of a widespread structural relation.

Accepting this conclusion, the linear contact of a few feet in the
ravine must, in imagination, be repeated over and over again along the
western margin of the lowland, so as to form a belt of contact; and this
belt must then be widened by extension obliquely downward under the
sandstones where they still remain, and upward over the bordering
slope of the Western Uplands where the sandstones have been worn
away. Although locally irregular in a small way, the widened belt
thus reconstructed forms on the whole a comparatively even, undulat-
ing floor. No other form of basement surface can be inferred, when it
is recalled that the contact line in the ravine descends eastward at
about the angle of dip of the slanting sandstones, and that the western
margin of the lowland is comparatively straight, without great indenta-
tions and projections along its course, although occasionally deflected
where faults have been inferred (p. 123).

The restored floor should be pictured as a peneplain having moderate
relief, perhaps several hundred feet in distances of fives or tens of
miles; but there are no indications of sharp peaks above or of deep
valleys below its general surface. Over the whole of the peneplain
the features of the contact in Roaring Brook and in the Massachusetts
ravines should be repeated. The truncated folia of the schists should
be pictured as forming a generally even foundation, with only minor
irregularities. The layers of the pebbly sandstones should everywhere
be imagined as fitting closely down upon the slight inequalities of the
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floor, in essentially unconformable attitude. Although now slanting to
the east, it is manifest that this position had not been obtained when
the sandstones were in process of accumulation. At that time the
layers of sandstone and their floor were both essentially horizontal, as
in fig. 3, and thus they should be considered through this part of the
report.

The lesson of this extensive floor of schists buried under the sand-
stones is an impressive one, for it tells of a great interval of time
between the making of the schists, from some unknown source of supply,
and the making of the sandstones from the ruins of the schists. Let
us attempt to measure this interval backward from the time when the
first pebbly layer of the sandstones was deposited.

The sandstones lie on the truncated edges of the schists. The folia
of the latter manifestly had a greater extension upward at some ante-
cedent time, and were denuded to the surface which they now possess
before the sandstones were deposited upon them. The time required

Restoration of Part of the Triassic formation

S

F1G. 3.—Original attitude of basal strata.

for this ancient denudation may be roughly inferred from its amount,
and its amount may be roughly indicated in several ways. First, it is
to be noted that the schists are metamorphosed rocks, whose mineral
composition and arrangement are significantly altered from their origi-
nal relations. All pertinent observations unite to prove that such
alteration takes place only deep within the earth’s crust, under condi-
tions of pressure and temperature that are not naturally offered at the
surface, but which may be more or less perfectly imitated in the artifi-
cial conditions of experiment. It must therefore be concluded that the
schists here visible were once buried under an overlying mass of suffi-
cient thickness to permit a physical and chemical rearrangement of
their constituents. It can not be supposed that the overlying mass
consisted of the Triassic sandstones, for the metamorphism of the
schists was complete before the sandstones were deposited, as is proved
by the occurrence of fragments of schist in the sandstone beds. 1t was
the upward extension of the schists themselves, or of associated rocks
now entirely removed, which once buried the portion of the schists here
visible; and this upward extension must have been worn away by the
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slow processes of ordinary weathering and wasting before the pebbly
Triassic sandstones were formed. A long interval must have elapsed
while this denudation was in progress.

A Dbetter idea of the length of the interval and of the amount of
erosion here inferred may be gathered when the general structure of
the schists is examined and a reconstruction is attempted of the form
that their total mass once possessed. The rocks of the Western
Upland, to which the schists of Roaring Brook belong, have a struc-
ture of excessive deformation. The deformed area extends eastward
through the Eastern Upland, and indeed embraces the larger part of
southern and central if not of northern New England. The deformation
has been more or less fully deciphered by the studies of Emerson,
Wolff, Dale, and others, in Massachusetts, and interpreted as corre-
sponding to the basal structure of a great mountain group, which must
in its prime have risen high into the air. Just as we have lofty snow-
clad mountains to-day in regions where the greater deformations of the
earth’s erust have occurred in comparatively recent geological time, so
we must imagine noble mountains to have risen here above the area of
the uplands in that ancient epoch when the local deforming torces put
forth their greatest exertions on the mow erystalline rocks. The
removal of such mountains from the region of the Western Upland
must have occupied a very long time.

This conelusion is still further supported when the completeness of
the removal of the ancient mountains is understood. The Triassic
sandstones donot seem to lie in deep valleys among ancient mountains,
or to abut against their sloping sides, but to rest upon a comparatively
even floor. The even floor does not consist of only one kind of schist
which might possibly have been worn down low and flat sooner than
its neighbors; various schists and gneisses in turn form a part of the
basement surface, those of greater resistance to weathering being sub-
dued about as completely as the rest. An even surface or peneplain
of this kind, crossing deformed rocks indifferent to their structural
attitudes, can have been produced only by the aimost complete demoli-
tion of the ancient mountains, close down to the sea level of their time.

It must at first seem as if a broad conclusion were here erected upon
a slender foundation; it might even be thought that alternative con-
clusions could be equally well supported on the same evidence; for
example, that the beveled schists of the Southington belt represent
merely the low flank of a neighboring mountainous area, or that they
were worn down low as a result of local, but not of general, base-level-
ing. But it must be remembered that the beveled schists of Roaring
Brook are not at the margin but near the axis of the ancient mountain
system to which their folded structures belong; and, further, that the
rocks here found so evenly beveled are not weak members of the ancient
mountain frame, which might have been worn down low while lofty
summits remained about them, but that they are as resistant as any
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rocks in the region, as is fully proved by their resistance to Tertiary
erosion (see p.168). When these important relations of position and
endurance are fully realized it will be seen that the beveling of the
schists in the Southington belt can hardly be regarded as a local and
exceptional result of pre-Triassic erosion, but that they may serve as
representing the form to which a large surrounding region had been
denuded; a form of moderate relief, with perhaps occasional low resid-
ual hills and broad open valleys, but greatly reduced in its old age from
the strong relief of its maturity.

A vast length of time must have passed while these ancient moun-
tains were being removed, grain by grain. A long time. in human
estimation, is required to excavate the steep-sided valleys by which
existing lofty mountain ranges are dissected. An interval, long even in
comparison to this long time, would be required to wear down the peaks
and ridges between the valleys till they were hardly higher than the
ralley floors. It was a time interval of tnis order of dimensions that
must have been given to the preparation of the firm foundation on which
the valley sandstones were afterwards spread. It was only after this
long interval that the depression of part of the region allowed the
accumulation there of the waste from elsewhere, and thus opened the
Triassie¢ chapter in its history.

The force of this may perhaps be better appreciated after considering
a few other examples of buried mountains.

GEOGRAPHICAL DEVELOPMENT OF THE CRYSTALLINE FLOOR.

Iinagine a lofty mountain region, dissected by deep, steep-sided val-
leys. Let the region gradually subside so that the valleys are slowly
converted into bays. The waste from the mountains then accumulates
in the bays, slowly filling them with deposits of greater and greater
thickness as the subsidence goes on. In time the material supplied by
the progressive denudation of the mountain tops might fill the expand-
ing bays, and at last the whole region would be leveled by combined
cutting and filling. If opportunity were allowed for observation at any
later date a formation of this kind would be recognized by the irregu-
lar margin of its deeper strata. Look, for example, at the case of the
Adirondacks. These mountains consist of extremely ancient rocks,
ancient even when compared to the rocks of our Western Upland. Their
flanks are wrapt around by early Paleozoic strata, of which the oldest is
the Potsdam sandstone. Pebbles of the Adirondack rocks oceur in this
sandstone, indicating the same relation between cover and basement
that has been described for our Roaring Brook contact. Recent studies
of the Potsdam sandstone trace it for some distance into the valleys
between the Adirondack ridges. IFrom this it is inferred that the sand-
stones ocenpy valleys that were excavated by pre-Potsdam erosion;
that after the valleys had been excavated the rugged region subsided;
that marine waters then invaded the valleys and received the waste
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from the inclosing slopes. The process of subsidence and bay-filling
may have advanced so far that the mountains were finallylost, or at least
reduced to moderate area and height; and the valleys of to-day, where
the sandstones enter among the older rocks, are regarded as reexca-
vated along the lines of the very ancient valleys.! The St. Francis
Mountains of southeastern Missouri repeat this illustration. A group
of ancient mountains of considerable relief is here revealed by the
modern denudation of the strata that for ages past have shrouded the
mountain rocks from the attack of the atmosphere. The covering strata
still lie essentially horizontal, as they must have lain when deposited ;
they are easily traced as occupying ancient valleys among knobs of
porphyry and granite, for the valleys of to-day dissect both the old
crystalline rocks and their sedimentary cover indifferently, and the
boundary between the old erystalline rocks and the cover is extremely
irregular.” A lesson of the same kind is tanght in middle England,

where the New Red sandstone—much less ancient than the \fmdstones
around the Adirondacks and the St. Francis Mountains and roughly
equivalent in age to the sandstones of the Connecticut Valley—oceupies
a great depression between the ancient mountains of Wales and of Lan-
cashire and Derbyshire. The boundary line separating the deformed
and denuded rocks of the ancient mountains from the lower strata of
the newer deposits is extremely irregular, here entering an embayment
among the older rocks, there rounding an ancient mountain spur, and
again completely surrounding an isolated mountain group, as at Bir-
mingham. There can be no question that in this case, as in the others,
the sandstones were deposited around the irregular base of a subsiding
mountainous region.

On the other hand, where the Cretaceous and Tertiary strata of our
Atlantic and Gulf coastal plain lie on the older rocks of the Appa-
lachian belt the basement surface is found, as a rule, to possess only
moderate inequality; and except for the irregularity caused by modern
erosion the inner boundary of the newer formations would be compara-
tively even. Here it must be inferred that the ancient Appalachians
had been reduced to a comparatively even floor before the deposition
of the coastal plain straia upon them. The same may be said of the
relation of the Cretaceous strata of northern France, where they over-
lap the once mountainous district of the Ardennes. The basement sur-
face of the Cretaceous formation is remarkably even not only where
traced along its margin, but also where detected in the shafts of mines
that are sunk through the Cretaceous to reach the contorted coal
beds beneath. The great mountainous elevations appropriate to the
deformed structure of the buried strata had been worn away before the
deposition of the Cretaceous strata.

It is with the ]a,tter examples that the basement of the Triassic for-

1 Kemp, Bull. New York State Mus., Vol. ITL, 1895, pp. 330, 340,
2 Missouri Geol. Survey, Vol. VIII, 1894 (1895), p. 103.
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mation in Connecticut best conforms. No great indentations filled with
the sandstones are found in the basement rocks of the Western Upland;;
the western border of the valley is a comparatively even line. The
ancient mountains of the Western Upland must have been worn down
to a peneplain, or at least reduced to hills of moderate clevation and
gentle slope, at the time the accumulation of the sandstones began.

Particularly to the people of the Connecticut Valley Lowland would
I commend the local and general evidence on which this conelusion is
based. It is too generally a habit to think that while extraordinary
examples of geological structure may be found in remote parts of the
world they are not to be looked for at home, where familiarity with the
hills and valleys brings them to be regarded as commonplace. Too
strong a protest can not be entered against this habit of thought. Geo-
logical structures, simple and complicated, are strewn with great impar-
tiality over all lands. The section shown in Roaring Brook and its
great lesson of mountains made and wasted should become familiar to
all the people round about it, and particularly to the teachers and
scholars of the neighboring schools.

1t is hazardous to say where the border of the continent lay during
this ancient t:me of pre-Triassic denudation. Some of the waste from
the ancient mountains may have been carried west and southwest to
supply the great volume of sediments now seen in the Catskill plateau
and in the mountains of Pennsylvania; some of the waste may have been
carried southeast into the hypothetical Atlantic basin of pre-Triassic
time; but the geology of to-day does not suffice to define with certainty
the goal where the waste from the ancient mountains found a resting
place. :

In spite of the good reasons for believing that the Triassic strata
rest on a generally even basement, it must not be concealed that the
opportunity for error in this connection is at least two-fold. It might
be suggested that the prevailingly direct course of the western bound-
ary of the valley sandstones in the Southington distriet is due to its
coincidence with a fracture, and that the even contact exposed at
Roaring Brook is an exceptional instead of a prevailing structure. To
a geologist not acquainted with the district the failure to discover
other basement contacts might be construed as arguing against their
general occurrence even along the Southington belt; but to one familiar
with the prevalence of glacial drift by which actual contacts are so
universally obscured, and with the appearance of unconformable super-
position at nearly all points where the sandstones approach the schists
and gneisses, this suggestion is not acceptable. True, there are cer-
tain short spaces along the western boundary of the sandstones that
appear to be defined by fault lines, as will be stated in the second part
of this paper (p. 123); but these spaces are relatively exceptional. A
large part of the boundary is best interpreted as a line lying in the
original contact surface.
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Admitting that at least the Southington belt of the western boundary
marks the original contact, it might still be urged that the present
boundary is coincident with the straight flank or base of a mountain
range that rose to considerable altitudes over the region of the Western
Uplands at the time the sandstones were formed of its waste. This is
rendered unlikely when it is perceived that the boundary does not
follow any single line of composition or attitude among the ancient
rocks. It is true, as will appear in the sequel, that during the time of
Triassic deposition considerable movements of elevation and depression
must have gone on hereabouts, and that the elevation might have been
sufficient to have produced highlands of significant altitude if it were
not counteracted by contemporaneous erosion; but this suggestion con-
cerns a later chapter in the history of the region than the initial one
now before us. At the beginning of Triassic deposition the region
was probably an extensive lowland. If surrounded by hills, they were
as exceptional as the monadnocks that surmount the uplands of south-
ern New England to-day.

Here, as in so many other geological problems, we are tempted
forward from the safety of known ground into the uncertain ground
of speculation. That the Triassic strata rest unconformably upon
older strata can not for a moment be questioned. This strong fact is
plainly revealed by immediate observation. That a long period of
time must have elapsed between the making of the underlying crys-
tallines and the overlying sandstones in such a contact as that of
Roaring Brook is a conclusion that stands in the front rank of geo-
logical certainties, even though it is only an inference of the unseen.!
That the reduction of an ancient mountain range to a lowland of mod-
erate relief can be safely inferred from the small contact at Roaring
Brook, along with the general relations of the Trias to the schists, is
undeniably a large speculative conclusion based on a small quantity of
indisputable evidence; and yet it is, of all suggested conclusions, the
most reasonable. Hence, taking all things into consideration, it appears
most probable that the deformed crystalline schists rose in vigorous
mountainous forms long before Triassic deposition began, and that a
vast period of time was occupied with the denudation of these ancient
mountains and the production of a peneplain of moderate relief in their
place. Only after this long period of time was a certain portion of the
peneplain depressed, and there the waste derived from the nondepressed
portion was spread out, forming the Triassic strata whose remmnants
we see to-day occupying the length and breadth of the Valley Lowland.
This is the larger consideration that comes to mind when pondering
over the contact of the schists and sandstones in the shady gorge of
Roaring Brook.

1 The importance of this class of conclusions is ably discussed in an essay by Irving on the Classi-
fication of the early Cambrian formations: Seventh Ann. Rept. U. S. Geol. Survey, 1888, pp. 365-454.
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THE TRIASSIC STRATA.
GENERAL SUCCESSION OF STRATA.

The contact of the sandstones and conglomerates on the schists at
Roaring Brook, and the associated low-lying strata along the western
border of the formation, have been dwelt on at length because of their
extreme importance in the history of the Triassic formation. They
illustrate the conditions existing at the beginning of the chapter of
deposition. It is, however, very probable that these lowest visible
strata are not absolutely the first of their kind; for the local depression
of the oldland, by which the long-continued process of denudation
was locally reversed to deposition, may have begun somewhat farther
eastward than the present western border line of the Triassic trough.
Only as depression extended could the Triassic strata cover a broader
and broader belt of the oldland.

But accepting the strata now seen along the western border as essen-
tially initial with respect to the great overlying mass, the sequence ol
strata which make up the whole formation must be observed, and
from this sequence must be inferred the conditions obtaining while the
strata were laid down and the character of the adjacent land areas
from which the material of the strata was derived. Here, as in the
previous section, we begin with what are to-day accepted as incontro-
vertible facts of observation, and then by degrees enter upon more
and more problematical hypotheses. It isin the measurement of the
ralue of these hypotheses that the most critical judgment of the geol-
ogist is required, and it may be added that precisely here the differ-
ences of opinion among geologists are most marked. After these
higher flights of geological theory, the possibility of settling down
upon established conclusions might be regarded as hopeless if one con-
templated only the present condition of the science; but when one
reflects on its rapid emergence from the doubts of the past, faith arises
in the certainties of the future. '

Among the “incontrovertible facts ” of to-day we may fairly include
not only the existence of certain bedded sandstones and shales, as
directly observed, but also the origin of these strata as ancient deposits
supplied from a wasting land and laid down where the agencies of
transportation could ecarry them no farther. Yet hardly more than a
century ago this fundamental conclusion of modern geology was ques-
tioned by men of experience and reputation. It isthe rapid emergence
of the successful hypothesis of the last century from the region of debate
into the domain of fact that must encourage every reflecting geologist
to do his utmost to frame reasonable hypotheses for the explanation of
problems still debatable, in the assurance that the coming century will
make judicious selection among them, and that the fittest will survive.

The general succession of the Triassic strata may be discovered by
crossing the Valley Lowland from west to east, and thus passing over
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the successive edges of the tilted beds in ascending order; but, as will
appear later, allowance must be made for the frequent repetition of the
same beds by faulting. The great extent of drift surface makes it
necessary to search carefully for outerops, and to pateh together the
observations made on many transverse lines; but in the end a fairly
complete series of strata is made out. Truly, if it were confessed that
the sedimentary strata which constitute the chief bulk of the Triassic
formation are expgsed to sight in less than 1 per cent of the entire area
of the valley, some readers might object that our pages are occupied
too largely with imaginary quantities; but so fairly may the accidental
small exposures in streams, quarries, and railroad cuts be taken as
samples of the rocks elsewhere buried beneath the drift, and so con-
sistently do they all lead to the conclusions here set forth, that common
consent was long ago given to the occurrence of a general eastward
monocline in which all the strata are combined; and it is felt that
equally common acceptance awaits the statement of the series in which
the order of the strata is established.

In a general way it may be said that the lower part of the formation,
for a thickness of from 5,000 to 6,500 feet, consists of coarse sandstones
with frequent conglomerates and occasional shales. These will all be
called the “lower sandstones.” Many of the basal layers contain frag-
ments of feldspar, and in general the term ¢ sandstone” can not be taken
to imply a composition of siliceous grains only. The grains consist of
the waste of granite and other erystalline rocks, and hence are called by
Dana granitic sandstones. They are obviously composed of the waste
from ecrystalline rocks similar to those on which they lie.

It is chiefly among the undermost strata, and generally not more
than 200 or 300 feet above the base, that the trap sheets of the West
Rock Range in the south and of the Barndoor Hills in the north are
found. Their thickness may measure 500 or 600 feet, but in certain
places, as about Cheshire, they are not so heavy. From the Hanging
Hills southward, and semewhat below the middle of the lower sand-
stones, there are some sandstone layers of rather greater resistance than
the rest, thus determining the location of Quinnipiac Ridge (p.99),
and separating the valleys of Mill and Quinnipiac rivers (p. 175).

Following these lower sandstones there are shaly sandstones and
shales, with sheets of trap at the base, near the middle, and at the top,
constituting the middle division of the formation. The lower trap
sheet, called the anterior sheet for reasons that will appear further on,
is generally about 250 feet thick, but it thins out and disappears before
reaching the northern boundary of the State. Then come the anterior
shales and shaly sandstones, 300 to 1,000 feet in thickness. The heaviest
or main trap sheet is 400 or 500 feet thick. The overlying or posterior
shales are commonly 1,200 feet thick, and are followed by the upper-
most or posterior trap sheet, 100 to 150 feet in thickness.

An impure limestone frequently occurs just above the anterior trap
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sheet, as is further referred to on page 189. TFossiliferous black shales
occur among the red shales and shaly sandstones between the anterior
and main and the main and posterior trap sheets; a special account
of these shales is given on pages 137-140. The Dblack shales are
occasionally bituminous, and thin coaly seams have sometimes been
found in them; but in spite of the hopes that these strata have locally
aroused, there is no likelihood that workable coal seams are to be found.

Following this complicated middle division of the formation comes
the upper division, consisting of at least 3,500 feet, and possibly a much
greater thickness, of sandstones and shales, becoming locally conglom-
eratic near the eastern border of the lowland, where the uppermost
beds are, as a rule, to be found. The most important sandstone quar-
ries of the valley are to be found in this division, between Portland,
Connecticut, and Longmeadow, Massachusetts. So large a share of the
series, from bottom to top, consists of sandstones that this name is often
used in a general sense, as applying to the sedimentary strata without
regard to their particular composition.

All taken together, this great succession of strata, constituting the
Triassic formation, must have originally extended over a significantly
larger area than that which they now occupy: for their edges are
manifestly eroded back from their original margin. An attempt will
be made in Part 11T to reconstruct the original formation by restoring
its lost parts, and thus to gain an estimate of the full size of the depres-
sion in which the formation was deposited.

CONDITIONS OF DEPOSITION.

All these strata are at present inclined eastward at moderate angles.
The science of the eighteenth century did not immediately accept such
an inclined position as evidence of disturbance after essentially hori-
zontal deposition. Indeed, it was stoutly argued by eminent geologists
of the first half of our century that all the several belts of monoclinal
Triassic strata on our Atlantic slope were examples of oblique deposi-
tion on a large scale, and that their inclined attitude could not be used as
an argument for post-Triassic deformation; but to-day this view is
excluded by a variety of arguments, and still more by a large assem-
blage of facts that had not been discovered when the theory of
oblique deposition was advocated. The great extent of the several
monoclines is an obstacle at the outset. It is difficult, if not impossible,
to imagine any natural conditions in which the great series of Triassic
strata could have been deposited as they now stand. They include not
only coarse sandstones and conglomerates, whose deposition might per-
haps have been locally oblique under fluviatile agencies, but also fine-
grained shales, red, gray, and black, all indicating quiet deposition in
slow-moving or standing water under comparatively uniform conditions
as to depth. These are not to be thought of as having been laid down
with their present slant of 10 or 15 degrees, which would have quickly
extended each stratum from shallow into deep water.
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The theory of oblique deposition would demand that all the sands
and pebbles were washed into the ancient estuary from the western
side; but along the eastern border there are numerous examples of
coarse conglomerates dipping eastward, whose pebbles, cobbles, and
bowlders are largely derived from the rocks of the Bastern Uplands.
TFor example, south of Durham the material of certain conglomerates
is in great part supplied from the greenish or gray gneisses of the hills
next eastward. I'rom Portland northward white quartzites and gar-
netiferous schists of the Eastern Uplands are often represented in the
marginal conglomerates. Moreover, the coarsest conglomerates of the
ralley are not found at the western margin, but near the eastern mar-
gin, the very coarsest known in the State being at North Guilford, with
strong dips toward their source, and therefore undeniably disturbed.
TFurthermore, as Hiteheock long ago pointed out, the numerous reptilian
footprints, large and small, of which so large a collection is preserved
in the museum at Amherst College, testify unanimously that the soft
sands and muds over which the Triassic reptiles walked lay essentially
horizontal when the prints were made, for the prints are square with
the bedding, and not oblique, as they must have been had the reptiles
walked along a sloping surface. It might be added that the tracks,
when seen in the sandstone quarries, lead in all directions, and not
prevailingly along the strike of the strata, as might be expected if the
present dip of the beds indicated their original attitude.

The occasional changes of inclination from the prevalent eastward
monocline to a local westward dip, and the occurrence of numerous
faults, as demonstrated on a later page, absolutely contradiet the theory
of oblique deposition. The ripple marks, mud eracks, and raindrops,
further mentioned below, all testify to the originally horizontal posi-
tion of the strata that retain them. The minute deposits in the amyg-
dular cavities of the lava beds, described beyond, give additional
support, if desired, to the belief that the monoclinal structure results
from uplift and tilting of the original formation. 1t should, however,
be recognized that the theory of oblique deposition played a useful
part during the exploration of the region. It was well set forth in the
search for truth, but it failed to survive the encounter with the grow-
ing body of facts.

Leaving out of mind for the present all inquiry as to the process of
deformation, and postponing also all inquiry as to the origin of the
trap sheets, we must in imagination undo what has been done in the
way of tilting, and restore the strata to the essentially level position
that they had originally. This is an exercise in which geological stu-
dents are perhaps less practiced than they should be. Fig. 2 (p.19)
having illustrated the existing condition of a characteristic section
across the western border of the lowland, we have nowin fig. 3 (p. 21)
essentially the same structures, but revolved so as to bring the observed
strata and their underground extension into a horizontal position, and
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at the same time extended to the left, or westward, so as to restore a
portion of the formation that has been eroded away. Only a small part
of the entire series of strata is here represented.

Certain essential elements of the problem in hand are thus brought
more clearly to light. With the reversal of the monoclinal tilting the
basement of schists is thrown from its present eastward ineclination into
a horizontal attitude, as in fig 3. It is prolonged eastward under the
strata, descending a little, to suggest that the lowest strata now seen
are not necessarily the earliest deposits of the formation. The base-
ment is prolonged westward beyond the present edge of the upland
and into the air of to-day, so as to restore a considerable extent of the
peneplain of early Triassic time. The Triassic strata are reasonably
carried westward toward their original but now lost and unknown
boundary. An attempt will be made at the close of Part I1I to define
in arough way the dimensions of the entire formation; here it is desired
only to direct attention to the successive layers, pondering a little
while on each of them in order to bring out more clearly the appear-
ance of the region while the strata were accumulating, and to intensify
the conception of the period of deposition, over which the mind is apt
to pass too rapidly unless intentionally detained.

The change from a long chapter of denudation to a long chapter of
deposition is the first problem here encountered. Such a change is
ordinarily explained as the result of submergence beneath the sea of a
land arvea that had before stood above sea level. The problem might
be more generally stated, in noncommittal form, by saying that condi-
tions of denudation were in some way changed to conditions of deposi-
tion; the process of change and the new conditions thus introduced
being then sought for, with special reference to such as will provide
heavy stratified deposits similar to those found in the Connecticut Val-
ley Lowland.

Marine submergence may certainly claim to be the generally accepted
condition of deposition; but during the advance of this century lacus-
trine, fluviatile, glacial, tcolian, and subaerial deposits have also been
well recognized, and the mere occurrence of stratified deposits can no
longer be taken to determine a period of transgression by the sea.
The conditions and characteristics of the several kinds of deposits may
therefore be briefly reviewed. It should be noted that in any case
there is here involved the supposition that some district near that on
which the deposits accumulated was exposed to more active denudation
than before, for the supply of plentiful waste, often coarse in texture,
from a land previously worn down to a lowland, calls for a more forcible
attack of denuding agents than would be possible if it remained a
lowland.

If the Triassic strata are of marine origin, a warping of the pre-
Triassic peneplain must be postulated, whereby the Triassic area was
depressed beneath sea level, while adjacent areas on the east and west
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were elevated so as to shed their waste actively into the submerged
trough. DBut there is little or no direct evidence for marine deposition
of the Connecticut Trias. There are no marine fossils yet found. The
fish whose imprints occur plentifully in certain occasional strata of
black shale are allied to fresh- or brackish-water forms. The prints of
land plants and the tracks of land animals argne against the presence
of the sea. The tidal currents that have been assumed to be necessary
to carry the materials found in some of the coarser layers may be
replaced by other agencies that can as well accomplish this result over
the moderate distances here involved. If marine at all, the waters
must have been littoral and shallow, and the bottom must have been
frequently bared to.the sun.

The pre-Triassic peneplain might have been warped by strong deform-
ing forces so as to form a basin in which an extensive lake could have
been held. But true lacustrine sediments are of fine and uniform texture
over most of the lake bottom, being coarse only close to the shore
line. Temporary lakes of shallow water might account for some of the
beds of finer shales, but not for the great body of the Triassic formation.

The pre Triassic peneplain might have been warped so as to alter
the action of the quiescent old rivers that had before flowed across it,
yet not to drown or to pond them. Such a change would set the streams
to eroding in their steepened courses, and to depositing where their
load increased above their ability of transportation. As with marine or
lacustrine deposits, the thickness of the strata thus produced would
depend on the duration of the opportunity for their deposition. A pro-
gressive warping, always raising the eroded districts and depressing
the area of deposition, would in any of these cases afford the condition
for accumulating strata of great total thickness. The heavy accumu-
lations of river-borne waste on the broad plains of California, of the
Po, or of the Indo-Gangetic depression all agree in testifying that rivers
may form extensive stratified deposits, and that the deposits may be
fine as well as coarse. They are characteristically cross bedded and
variable, and they may frequently contain rain-pitted or sun-cracked
layers.

Postponing the consideration of glacial action to a later paragraph,
there remain the wind-borne or @olian deposits, such as accumulate in
and to leeward of arid regions, and the subaerial deposits that creep
or wash forward from mountains on piedmont slopes. The former
are found in great volume over the interior of China, as described by
Richthofen, but as they are universally of very fine texture they can
not be paralleled with our Triassic deposits. The latter are well known
in the arid basin of Utah and Nevada and in the desert basin of
Persia—coarse around the margin, fine and often saline about the
center. They are prevailingly unfossiliferous, not only because they
have few inhabitants, but also because whatever remains fall upon
them are long exposed to the weather before being buried.
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In contrast to marine deposits, Penck has suggested the name *con-
tinental” for deposits formed on land areas, whether in lakes, by rivers,
by winds, under the creeping action of waste slopes, or under all these
conditions combined. This term seems more applicable than any other
to the Triassic deposits of Connecticut. It withdraws them from neces-
sary association with a marine origin, for which there is no sufficient
evidence, and at the same time it avoids what is to-day an impossible
task—that of assigning a particular origin to one or another member
of the formation. A continental origin of the formation would accord
with Dana’s conclusion that the Triassic beds ‘“are either fresh-water
or brackish-water deposits.”! There may possibly be included an
occasional marine deposit along the axis of the depressed trough, for at
one time or another a faster movement of depression than usual may
have outstripped deposition and thus caused submergence; but, in
the absence of marine fossils, the burden of proof must lie on those who
directly maintain the occurrence of marine deposits. ;

It requires a conscious effort to picture the geographical conditions
that must have long prevailed within and around the depressed area in
which the strata were accumulated. The bedding planes of the strata,
revealed only in scanty exposures in which the Triassic strata are gen-
erally worn across their edges, must in imagination be transformed into
broad floors of washed sands and pebbles, derived from a land area
on the west or east, and gradually drifted from the margin toward the
middle of the trough, where they accumulated. Ior every grain
remaining in a sandstone bed thousands of grains must have gone
past it, slowly moved by transporting agencies, slowly worn finer and
finer. Every layer seen to-day is more a witness of transportation
than of deposition. The sands were not washed directly to their place
of settlement and there at once deposited; they were gradually moved
along the water floor. The finest silts may have been actually carried
in muddy lacustrine or estuarine waters, but they must have been many
times laid down and taken up before finding a final resting place. The
coarser beds are to-day generally found near the margin of the forma-
tion, on the east or west; but sometimes pebbles or cobbles up to 6 or
8 inches in diameter are found near the medial axis of the lowland, as
north of’ Meriden. Such strata may be taken to indicate a more than
ordinary activity of transporting forces in the middle of the depressed
area, probably during a time of less rapid depression of the region than
usual, and an encroachment of the coarser marginal deposits on the
flatter surface of the finer sediments along the middle of the trough. On
the other hand. fine-textured and evenly laminated shales sometimes
oceur close to the border of the iowland, as in the curves of Pond and
Totoket mountains, north of Branford; and these must be taken to indi-
cate periods when the tranquil middle waters reached over a broader
area, probably because of an increase in the depth and breadth of sub-

I Manual of Geology, 1880, p. 409,
18 GroL, PT 2 3
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mergence, and possibly because of a less active supply of sediments
from the adjoining lands.

Every pebble, every grain of sand, every particle of silt, is best
understood as having been made in the manner of to-day—detached by
weathering from the adjoining land surface and moved downhill in the
creeping soil cap, carried down valleys by the wash of streams, or
drifted from deltas into shallow lakes. There may have been storms
and floods then as now, but there is no sufficient reason for supposing
that Triassic time was significantly more unquiet than is the present.
As the hills of New England are weatbering and wasting before our
eyes, as the streams are flowing down their valleys, so can we best
picture them on the ancient New England of Triassic time. Only in
this deliberate manner must the accumulation of one stratum on
another be imagined. Iven the coarse bowlders of the marginal con-
glomerates, such as occur inside of the Pond and Totoket crescents,
must have long rolled along the water courses from their source, and
must have witnessed the passage of a great volume of finer materials
over their heads before they were finally buried.

Cross bedding and ripple marks are among the commonest of the
detailed structures in the Triassic strata. Hence we are assured the
sediments did not advance by a steady and rapid movement from mar-
gin to center, but by an intermittent migration, settling down for a
time and perhaps buried to the depth of a foot or more, only to be
uncovered and drifted along again in the general line of progress.
Deposition, on the whole, prevailed; but at any one point the deposited
material can have been only a small residue of the transported mate-
rial. Ages and ages must have passed, every day of which had its
deliberate dawn and close, every year of which must have shown only
such minute changes as are now to be witnessed in the wearing down
of uplands and in the filling of lowlands; yet in the end the Triassic
strata grew to be two miles thick. No just appreciation of this great
labor of wasting and building can be gained by rapidly walking across
the valley of to-day. The slow changes of the past must be deliber-
ately dwelt apon if they are to be clearly conceived.

DEPRESSION AND DEPOSITION.

Perhaps the most notable feature of all this time is that, in spite of
the great depth of the Triassic basin as measured in the total thickness
of its strata, by far the greater number of layers give clear evidence of
having been deposited by streams or in comparatively shallow water;
thus repeating the geological paradox, encountered in many other
regions, of a shallow basin always filling and yet never becoming filled.
The coarse texture of the sandstones that make so large a share of the
whole series of deposits, the cross bedding and ripple marks in the
sandstones, the ripple marks, mud cracks, and rain prints in the finer
layers, and the innumerable footprints of large and small reptiles in
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strata at various horizons in the formation are conelusive evidence that
where any waters stood they were prevailingly shallow, and that their
floor was occasionally laid bare. Yet in these shallow waters strata
measuring thousands of feet in thickness were deposited.

The accumulation of a great series of strata under such conditions
requires the supposition that a gradual depression of the trough
must have been in progess during all the time of deposition. The
trough could not have been depressed to its full depth before the
deposits began, and then gradually filled to the surface. On the con-
trary, the depression of its floor must have gone on at about equal rate
with the accumulation of sediment, for only in this way could fluviatile
and subaerial conditions or shallow waters have been maintained all
through the period of deposition. It must be carefully recognized that
the depression thus inferred was of the most gradual kind. IFrom the
bare term ¢ depression,” one might at first gather an idea of subsidence
at altogether too rapid a rate, picturing it as advancing visibly. On the
contrary, could the process have been watched, it would have wrought
no perceptible change from year to year; and if it had been followed
from century to century there is sufficient reason for thinking that its
effects would not have been more noticeable than are the changes of
level on the coast of Scandinavia to-day.

It should not be supposed that there was a perfect uniformity in the
rate of depression, and that any irregularity of depression was at once
compensated by an equivalent irregularity of deposition; but only that,
on the whole, the two processes went on together in a rather equable
manner, and that at no time was there a deep submergence. The con-
glomerate beds north of Meriden are best interpreted as marking the
advance of active streams to the middle of the trough and indicating a
gain of deposition over depression. The shales near the margin in Bran-
ford indicate quieter conditions, caused by a gain of depression over
deposition; but the great body of sandstones points to a well-preserved
balance of the two counteracting processes. TFrom the more permanent
inclosing lands, whence the waste was persistently shed, the slopes
should be pictured as descending into a shallow trough occupied by
broad washes of sand and gravel, crossed by wandering streams.
Shallow lakes may have now and then overflowed a middle strip or a
greater part of the trough, and there finer sediments would gather. The
lake floors were sometimes slowly shoaling, and then invaded by sands
and pebbles from the shores; sometimes sinking to greater depth, and
perhaps overflowed by a brackish estuary, but tranquil enough to tempt
occupation by great numbers of fish, whose forms are still well preserved
in the black shale beds near the middle horizons of the formation.

Nothing contributes so vividly to the reality of this picture as the
footprints of the reptiles, crossing and recrossing on the sandstones of
to-day, the sand flats of the earlier era. The skeletons of these ruling
inhabitants are exceedingly rare, only one having yet been discovered



36 TRIASSIC FORMATION OF CONNECTICUT.

in Connecticut; but this, aceidentally found in the abutment of a bridge
at Manchester, is so well preserved that it excites the hope of finding
more.) The footprints are, on the contrary, very common in many of
the sandy layers. The specimens in museum collections are generally
from the Massachusetts division of the formation, where track-yielding
quarries have been more actively worked; but judging from the num-
ber of prints found by Mr. Loper when making small openings in his
exploration of the black shales (p.138), I am inclined to think that
the greater part of the valley is traversed by them, and that it is only
from the accident of better exposure to-day along the banks of the Con-
necticut River at Turners Falls in Massachusetts, and from the activ-
ity with which the prints were collected in that district by Hitcheock
and Deane, that they are commonly associated with the northern part
of the Triassic trough. The prints are generally of even impression,
indicating a leisurely stride, as little hurried as the processes of accu-
mulation. All told, they would be counted by millions; and yet this
should not be taken so much as indicating a dense reptilian population
as a slow accumulation of strata, and perhaps an industrious search
for food by the print makers. So with the fossil fish; they are not
often found, because the black shales that contain them, very weak
and easily eroded, are commonly worn down in valleys and covered
with drift; but they must exist in myriads, for almost wherever opened
the black shales bear their skeletons and scales on every few feet of
surface. Here every print means an individual, while a hundred thou-
sand tracks may have been made by a single reptile. Hence, in spite
of the slower deposit of shales than of sandstones, the fish must have
been more plentiful in the shale-forming waters than the reptiles were
on the sand flats.

The tracks are commonly found in association with strata that are
seamed with cracks, as if dried by exposure to air and sunshine, cracks
of this kind being often formed at times of low water on the bed or
flood plain of aggrading, wandering rivers. Marshes of reeds and
ferns must have flourished on the lowlands, and forests of an antique
flora must have grown on the surrounding hills, for many prints of land
plants, large and small, are found in the shale beds. The forests and
the marshes, the uplands and the streams of the trough, received the
rain of passing showers, but the raindrops made a lasting record only
now and then, when a fitting surface caught their dimpled marks and
a gentle overflow quickly covered them with sediment. Not the show-
ers themselves, but the chance of preserving their slight record, was
the rarity; and so to-day, not the surface covered by these and other
ancient records, but the chance of seeing them, is exceptional. When
a stratum is stripped along a bedding plane, as happens now and then
in the quarries, the surface should be in imagination restored to its
initial horizontal position, extended far and wide over the floor of the

1 Marsh, Notice of new American Dinosauria: Am. Jour. Sci., 3d series, Vol. XX XVII, 1889, p. 331.
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trough, with more pebbles toward the nearer shore and more fine silt
the other way, and thus pictured it should be deliberately contemplated.
No hurried changes should Dbe introduced, but, as waste weathers,
creeps, and washes from the land on which we live to-day, as sediments
now grow on flood plains and shallow water floors with the slow-coming
waste from the lands, as sea floors subsiding to-day gradually bring
about changes of depth and currents faintly noticed from century to
century, so in the older times did wearing, washing, and sinking
advance with the utmost deliberation. The Triassic scene would have
appeared unchanged from day to day, and hardly changed from year to
year; it shifted slowly through the countless centuries of filling and
sinking. These centuries we are too prone to pass over unconsidered
when crossing in an afternoon’s stroll the worn edges of the uncounted
leaves in this ancient book, whose pages, covered with their slowly
written records, are here and there exposed in little patches to our
view.
ORIGIN OF THE TRIASSIC TROUGH.

The relation of the body of sediments in the Connecticut—Massachu-
setts trough to other bodies of its time can not now be closely deter-
mined, but it may be roughly inferred. Its area was certainly greater
than the existing Triassic area. The sections given on PL. XX suggest
that the trough was at least S or 10 miles wider than the present Valley
Lowland (p. 192.) The narrowing of the lowland at its southern end
should not be taken as an immediate indication of an original narrowing
of the Triassic trough in that direction. The vast time that has passed
since these strata were deposited and upheaved inay have withessed
great geographical changes, which our Eastern geologists have been
apt to underestimate because of their greater attention to the ancient
divisions of geological time and their little concern with Mesozoic his-
tory. Experience in the West has done much to correct this under-
estimate and to open possibilities of great changes in land and sea since
the Triassic sandstones were formed. It is believed that the longer axis
of the original trough coincided essentially with that of the valley low-
land of to-day, and that this trend resulted from the control of the
trough by Appalachian forces, as maintained by Dana, but the bound-
aries of the trough can not be closely defined.

The account already given of the basement on which the Triassic
strata rest has indicated that it had been worn so low that no great
additional amount of waste could be worn from it; and yet from that
time onward it yielded great bodies of waste to the sinking trough.
The depression by which part of the basement was aggraded in the
expanding Triassic trough must therefore have been accompanied by a
correlated elevation of the adjoining areas on the west and east, and it
must have been from these rising lands that the waste was continually
shed into the intermediate depression. Two suppositions may be made
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as to the character of these correlated elevations. The trough may
have been bent down between two arched areas on either side, as in
fig.4, A : or the trough may have been faulted down between two uplifted
blocks alongside of it, as in fig. 4, B. The first supposition finds a par-
allel in the Gulf of Bothnia, at the head of the Baltic, where the water
appears to lie in a shallow downfold of a well-denuded oldland between
upraised areas in Finland and Scandinavia. The second supposition
finds a modern instance in the down-faulted trough, or graben, of the
Upper Rhine between the uplifted blocks of the Vosges on the west and
the Black Forest on the east. Both the Gulf of Bothnia and the valley
of the Rhine are comparatively young forms; that is, the inequalities
produced by their folding or faulting have not been nearly worn down
or filled up; only a fair beginning is made toward that end by valley
cutting in the uplifted parts and by the partial filling of the depressed
spaces with land waste. Examples of further advance in the process

F16. 4.—A, Triassic trough produced by warping; B, Triassic trough produced by down-faulting.

of filling may be found in the valley of California, and in any one of
the aggraded depressions between the uplifted mountain blocks of
Utah and Nevada. The first of these examples represents a down-bent
trough into which heavy deposits of waste have been washed from the
adjoining uplifted areas; the second imperfectly corresponds to the
mature stage of a down-faulted graben. :

The diagrams here presented illustrate several peculiarities by which
these contrasted processes of trough making could be discriminated
if opportunity were only allowed to apply the desired tests in the field;
but so mach of the Triassic structure has been lost by denudation
since tilting and uplift, so few are the exposures of the Triassic strata,
and so many significant parts still remain buried deeply, that no deci
sive choice can be made between the two plans. The lower strata of a
trough down-folded without fractures should possess slight centripetal
dips when the trough s filled, while the uppermost strata would lie
almost horizontal. If the whole mass of deposits were afterwards
deformed together, this inequality of dip would still be apparent. A
general eastward tilting, for example, with more or less faulting, would
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result in moderate dips for the lower strata in the east and stronger
dips on the west; but the upper strata would have dips of equal value
all across the basin. In the Valley Lowland of to-day none of the
upper strata are to be found on the western side of the trough, but the
lower strata on the two sides, as far as they have been identified,
exhibit essentially such inequality of dips as has just been deduced.
The dip along the western border is usually 20 to 30 degrees: in the
eastern half it is seldom more than 20 degrees, except near fault lines.
So far as this goes, it is in favor of a down-folded trough.

A down-faulted trough would be filled with strata of more nearly
horizontal attitude throughout. Toward the margin they might fre-
quently overlap small chips of the uplifted mountain blocks on either
side, and the dislocations that separated the chips would not of neces-
sity pass through the strata by which they are covered. The marginal
strata would be coarse conglomerates, supplied from the cliff’ faces of
uplifted blocks, and the successive strata would abut rather abruptly
against the bordering cliffs instead of overlapping a sloping land. In
practice it might be difficult, unless exposures were very clear, to dis-
tinguish between this original relation of strata and eliffs and the forced
contact produced by faulting after the strata had all been aceumulated.
Thus, to-day, the strata in our lowland seem to abut abruptly against
the eastern side of the valley, but all indications point to this arrange-
ment being dependent on a post-Triassic fault, rather than on a pre-
Triassie clift.

It does not seem advisable at present to make final choice between
these alternatives; hence the sections of the entire formation presented
in Part I1I must be interpreted as implying much less definite condi-
tions than they actually represent.

The strength of the relief attained by the border lands during the
depression of the Triassic trough is naturally a matter of much uncer-
tainty ; but except close to the margin, where low eliffs yielded bowlders,
cobbles, and pebbles, it may be reasonably limited to a moderate meas-
ure. The prevailingly red color of the Triassic strata is best explained
as a result of slow and deep weathering in a mild climate, rather than as
a consequence of rapid wasting in the cold climate of high mountains.!
‘While much of the waste that crept into the depressed trough and
formed the lower few hundred feet of Triassic strata may have been
weathered in pre-Triassic time, it does not seem possible that nearly
all the great volume of Triassic deposits was thus supplied; but rather
that, along with the slow deposition and depression of the strata in the
trough, there progressed a slow upheaval and weathering of the adja-
cent lands, and that, as usual on waste-covered lands, the wash of
waste from the surface went on no faster than the formation of new
waste beneath.

'Russell, Subaerial decay of rocks: Bull. U. S. Geol. Survey No. 52, 1889; The Newark system: Bull.
U. 8. Geol. Survey No. 85, 1802, p. 52.
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Contrasted to this supposition is one which attributes the heavier
conglomerates of the formation to glacial action, advocated by sev-
eral authors; but no direct evidence has been found in favor of this
view. It is true that certain of the conglomerates are very coarse,
bowlders of 2, 3, or even 4 feet in diameter having been seen near
Branford; but in no case have these bowlders or any others shown
facets or striw, such as characterize modern glaciated bowlders, and
such as are well preserved in the conglomerates of the Salt Range in
northwestern India; in no case are the conglomerates unstratified,
like glacial till; in no case have the finer strata been found to contain
occasional scattered stones and bowlders, as if ice-borne, such as oceur
in the Simla slates of the Himalaya and in presumably equivalent
strata in Kashmir.,! Certain very coarse conglomerates in Massachu-
setts have heen shown by Emerson to lie close to the ledges from
which their bowlders were derived, and thus altogether to dispense
with glacial action.” Tlre heaviest bowlders in the Triassic conglom-
erates near Branford, Connecticut, are of trap rock; they seem to lie
in the same horizon with a lava flow, and not half a mile from its edge
(p- 72). Indeed, to interpret the Triassic conglomerates as records
of glacial action practically postulates the impossibility of making
conglomerates without glacial aid. In view of the well-known action
of waves on rocky shores, and of the ability of streams to carry coarse
waste down moderate slopes, it seems hardly advisable to infer glacial
action from conglomerates that give no direct evidence of this excep-
tional process.

IGNEOUS ROCKS.

MANNER OF OCCURRENCE,

A peculiar interest is attached to the study of the igneous rocks that
frequently rise in ridges over the Valley Lowland. They occur in vari-
ous associations with the sedimentary rocks. They determine the chief
topographic relief of the lowland. They have been diversely inter-
preted by different observers, and the final adoption of one or another
opinion in regard to their origin involves careful observation and eriti-
cal discussion. They are of the highest value in deciphering the singu-
lar dislocations by which the valley rocks are traversed. On all these
accounts they have been examined with great care in all relations save
one; namely, their petrographic character. This element of study has
been reduced to its minimum, because it was not essential to the solu-
tion of the chief structural problems in hand, and because it was aside
from my training. Described as dolerites or diabases by competent
petrographers, the igneous rocks are here generally referred to by the
old term, trap, long familiar in the Valley Lowland; or by the common

10ldham, Geology of India, 1893, pp. 133, 135.
2 Bull. Geol. Sot. America, Vol. IT, 1891, p. 453. See, also, Russell, Bull. U. 8. Geol. Survey No. 85,
pp. 47-53.
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term, lava, which has an advantage in certain cases from its snggestion
of ordinary volcanie¢ action.

The trap rocks oceur in two contrasted forms—cither as dikes trans-
verse to the strata, or as sheets essentially parallel with the strata. The
dikes are seldom of mueh topographic importance, the only prominent
example of this kind being the stock-like mass of Mount Carmel. The
sheets are much more distinet topographically, as they form many long
and short ridges of peculiar arrangement. These ridges may be divided
into two ranges, a western and an eastern, shown in fig. 5.

THE WESTERN RANGE OF TRAP RIDGES.

The western range lies for the most part near the western border of
the formation, East Rock,' in the suburbs of New Haven, and the hills
of Granby and Suffield at the north-
ern border of the State, being the
most exceptional in this respect.
Two subranges may be distinguished;
a southern, south of Plantsville, and
anorthern, north of Unionville. They
may be called the West Rock Range
and the Barndoor Range, after their
chief members. They are distin-
guished not only by position, but also
by habits in the arrangement of their
members, long ago noted by Perci-
val. The successive members of the
southern group of ridges are arranged
in “advancing order;” that is, each
more northern ridge stands some-
what to the west of its predecessor, .
their ends overlapping by a moderate  Fic.5.—Plan of eastern and western trap
distance. In the northern range this e
arrangement is reversed to the ¢“receding order.” As will appear
below, many members of the northern range have a dike-like habit.

THE EASTERN RANGE OF TRAP RIDGES.

The eastern range contains ridges of greatly diversified form, size,
and arrangement, but throughout the whole series a succession of
dominant members is noticeable, with respect to which certain subor-

1Tt may not at first sight appear proper to associate East Rock with the western ridges, where its
name would suggest that it did not belong. East and West rocks are, indeed, well named for an
observer offshore in Long Island Sound or on the ground between the two, but to an observer who is
studying the general distribution of trap ridges in the Triassic lowland, East Rock stands in much
closer relation with West Rock than with Saltonstall, Totoket, and other eastern ridges farther north.
East Rock is therefore not included here under the group of eastern ridges. Tt should be clearly
understood that the generalizations as to fact and explanation which are applied to the eastern ridges
are not to be applied to East Rock.
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dinate members are rather systematically placed on the west and east.
To these minor and major ridges Percival applied the terms anterior,
main, and posterior. As the anterior and posterior ridges generally
follow the subdivisions of the main ridge, the arrangement of the latter
only need be considered for the present.

The main ridges of the eastern range are disposed in two patterns.
In the south two ridges are curved into irregular crescentic form,
convex to the northwest, and with the horns of the crescents reaching
close to the erystalline area on the east. This peculiar form early
attracted attention as a notable peculiarity of the trap ridges; but it is
exceptional rather than characteristic of the Connecticut area, unless
interpreted in a very free manner, as will appear further on. The
other main ridges, to the number of perhaps twenty, are arranged with
their anterior and posterior subordinates in the same advancing and
receding order that was noticed in the western range, the advancing
order being displayed with exceptional strength in the neighborhood
of Meriden and the retreating order less emphatically about Tariffville,
while the change from one to the other takes place west of Hartford.

Although the meaning of these systematic and peculiar arrange-
ments will not fully appear in this section of my report, it seems desir-
able to give this brief introductory account of them, in order that the
following description of the various trap dikes and sheets may be better
connected with the distribution of the topographical forms that they
determine.

DIKES.

There has been little difference of opinion as to the origin of the numer-
ous and manifest dikes which in the southern part of the valley are seen
to break more or less distinctly across the bedding of the sandstones
in nearly vertical fissures; but some confusion has arisen in the
description of the igneous rocks from the occasional application of the
term dike to intercalated sheets. Thus Hitcheock’s first section across
thevalley, published in 1818, represented the Mount Tom (Massachusetts)
sheet as a vertical dike; but this misapprehension was soon corrected.
Percival! called the posterior sheet of the Totoket Mountain a dike
where it has a steep dip at its northeastern end, near Quonnipaug
Pond, apparently for no reason but its strong inclination. At a much
later date Emerson wrote of the * Deerfield [Massachusetts] dyke and its
minerals,”? although he explicitly shows the ¢“dyke” to have been
“poured out on the lower sandstone and to have been covered by the
upper sandstone.”

To avoid misapprehension, the term dike will in this report be applied
only to those masses of igneous rock that occupy fissures standing in
a general way transverse to the bedding of the formation that incloses
them, and possessing a considerable length compared to their breadth;

1Report on the Geology of the State of Connecticut, by James G. Percival, New Haven, 1842, p. 340,
2 Am. Jour. Sci., 3d series, Vol. XXIV, 1882, pp. 195-196.
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but in connection with these dikes there are local enlargements that
resemble stocks or necks, and lateral branches that sometimes imitate
the behavior of sheets.

Dikes are numerous from Cheshire and Wallingford southward.
They have not been observed in Connecticut north of Meriden. They
sometimes follow comparatively direct courses for considerable dis-
tances, their continuity being recognized by the low ridge determined
by their outerop, as in the long dikes north of Mount Carmel, and again
in East Wallingford and Clintonville. One of the most peculiar
features of the long dikes is their frequent upward termination under
a cover of sandstone, as if they had never reached higher among the
sandstones than they now stand. In other cases they are confusedly
arranged in a congeries of irregular outcrops, as about Rabbit Rock, 5
miles northeast of New Haven. These irregular trap ledges are here
classed with dikes, not because distinet lateral contacts have been
found for every one of them—indeed, contacts are often hard to find
hereabouts—but rather because they do not, like the sheets, follow
close to the strike of the sandstones, and because they do not exhibit
the unsymmetrical outcrop face and back slope that so strongly char-
acterize the outerops of the inclined sheets. Small sheets often accom-
pany these dikes. Besides these larger exhibits, there are many
exposures of small dikes in road and stream cuts, as above Walling-
ford, whose extension across country can not be traced because they
do not keep their heads above the general drift cover.

The dikes are in nearly all cases of dense texture; but Hovey de-
seribes a dike in Fairhaven, 23 feet wide, in which a 9-inch band of
amygdules runs parallel to the side 4 feet from the southeastern wall.!
The date of the intrusion of the dikes with respect to the tilting and
faulting of the sandstones will be discussed later (see p. 131). The fol-
lowing special accounts are given of the most notable dikes of the region.

Pine and Mill rocks.—These strong dikes are described in detail by
Prof. J. D. Dana® in connection with the sheets of East and West rocks,
with which they seem to be closely related. The chief mass of Pine
Rock has a length of 2,000 feet and a thickness of about 300 feet; its
trend is northeast by east and its dip 50° to 55° NW. Mill Rock is
about 3,000 feet in length and nearly 200 feet wide; its trend is about
east-southeast and its dip 72° N. About in a line with it, to the east,
is another dike, somewhat narrower, but thickening at its eastern end,
where it forms a blunt knob known as Whitneys Peak. These two
dikes are separated by about 4,000 feet of sandstone; it is highly
probable that the dike is continuous beneath the covered space and
that the sandstone is only a cover, such as is frequently seen over the
dikes east and west of Wallingford. All three dikes are of dense tex-
ture, not at all amygdaloidal. The dike rocks are regarded as true

P Am. Jour. Sei., 3d series, Vol. XXX VIII, 1889, p. 368.

2The four **Rocks " of the New Haven region: Am.Jour. Sci., 3d series, Vol. XLIIL, 1891, pp. 79-110.
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dolerites by E. S. Dana, who finds them essentially free from chlorite

and other evidence of interior alteration. They have an imperfect -
columnar structure roughly at right angles to their walls, The meta-

morphism produced by the dikes in the adjacent sandstone is of

moderate amount, being chiefly limited to a consolidation of the strata

for 10 or 12 feet on either side. The walls of the fissures are somewhat

irregular, as might be expected from the absence of well-marked joints

in the sandstones, ;

Mount Carmel and the Blue Hills.—A heavy mass of trap forms a
group of irregular hills extending 3 miles from west to east between
Mill and Quinnipiac rivers, and measuring nearly a mile in breadth.
The western hills, of which Mount Carmel is the most prominent,
exhibit a large area of trap, but in the Blue Hills, farther east, the
trap is largely covered by a thin blanket of sandstones, in domelike
forms, more or less disturbed and indurated, and suggesting by their
prominence above the sandstones of the Valley Lowland that the trap
is not far below the surface. This is confirmed by the occasional
appearance of the trap on the summit or flanks of the sandstone domes.
Where the trap is somewhat more continuously exposed its form
resembles that of the sandstone domes, and suggests that it has been
revealed Dy the stripping of the sandstone cover, with little erosion of
the trap itself. The trap is dense throughout. Near the sandstone
cover or margin it is finer grained; but where more deeply eroded it is
of coarser texture, somewhat like the trap commonly occurring in the
ridges. Side and top contacts are found where the trap breaks across
the sandstone beds, but the sandstones as a whole maintain their usual
eastward dip. Close to the contacts the sandstone is almost fused to
the trap. Successive intrusions are indicated by the occasional occur-
rence of dikes intersecting the greater igneous masses,

The boldest member of the Mount Carmel group occurs north of
Mount Carmel village and directly east of Mill River. It rises abruptly
in a bold bluff above a long talus slope, and forms a landmark easily
recognized from the north or south. The long Cheshire dikeis directed
toward this bluff, but is not seen to be connected with it. A dikelike
extension of the bluff is traceable southwestward across the river to a
low hill, where it broadens to greater size. This dike is well exposed
in a cut north of Mount Carmel station, on the New Haven and North-
ampton Railroad. It is here seen to contain a number of large sand-
stone fragments, which are mueh indurated, and at some points are
apparently fused so as to blend with the trap.

There can be little doubt that the Mount Carmel mass represents a
heavy stock or volecanic neck.! It has every sign of intrusive origin
and no indications whatever of extrusion at the horizon now visible.
It is, however, entirely possible that while the eastern part of the stock

1 This interpretation was suggested in my article on the lost voleanoes of Connecticut: Pop. Sei.
Monthly, Dec., 1891. The occurrence of volecanic necks or plugs of moderate dimension has been
assured in Massachusetts by Emerson’s observations: Bull. Geol. Soc. America, Vol. I1, 1801, p. 456.
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CONTACT OF INTRUSIVE TRAP AND CONGLOMERATE, MOUNT CARMEL.

Trap on the nght; conglomerate on the left.
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failed to ascend through the sandstone cover, the western part may
have risen to the surface of its time and there poured férth some of the
extrusive lava flows now seen to the eastward. The intrusive sheets
now outeropping west of Mount Carmel may have connections with
it underground. The small disturbance of the sandstone monocline
in the immediate neighborhood of this great mass of trap distinguishes
the latter from laccolithic intrusions, and suggests very strongly that
the trap gained its present position by melting its way rather than by
pushing its way into the sandstones; yet at the contacts there is slight
indication of fusion of the sandstones.

Fairhaven dikes.—A group of irregular dikes extends from the east
shore of New Haven Bay, at Brightview, northeastward past air-
haven nearly to Montowese. The dikes frequently forim knobs or short
ridges, as in Hemingway Mountain. The separate ridges are sometimes
arranged in linear order, as in the ridges that run for several miles a
little west of and parallel to the anterior ridge of Pond Mountain. The
largest dikes measure 100 or 200 feet in thickness. Their walls are
generally rather irregular. Side contacts are frequently found in road
and railroad cuts, the best being in the cuts lately opened on the new
location of the Shore Line Railroad south of Fairhaven. A moderate
amount of induration is perceived in the adjoining sandstones and con-
glomerates; this has been most carefully observed by Hovey.! Some
of the knobs suggest that the trap takes the form of stocks, as at Rab-
bit Rock, between Montowese and Totoket. It is highly probable that
deeper erosion would connect many of the separate outcrops of to-day.

In the northeastern part of this group it is sometimes difticult to dis-
tinguish the dikes from the irregular ledges of the anterior trap sheet,
which here has an uneven form, owing to its complicated structure of
flow and ash (p. 63). There is much probability that some of the dikes
or necks of this district mark the vents up through which the lavas
and ashes of the anterior sheet hereabouts were extruded.

COlintonville and East Wallingford dikes.—These dikes are of much
simpler arrangement than those of the preceding group. Their width
varies from 50 to 200 feet. They give frequent exposures of side con-
tacts, sometimes showing fine stringers branching into the sandstones
and leaving no doubt of their intrusive character and generally vertical
attitude. The adjoining sandstones are moderately indurated. A more
peculiar feature is the occurrence of top contacts with the overlying
sandstones, from which it is argued that the dikes at such points never
rose higher than they now stand. Since the top contacts are found at
various altitudes, it is further inferred that the discontinuity of the
dikes as indicated on the map is only apparent, and that as erosion
degrades the region to lower levels the dikes will become more and
more continuous.

TAm. Jour. Sci., 3d series, Vol. XXXVIII, 1889, p. 374. See, also, ibid., 4th series, Vol. 111, 1897, pp.
289-202.
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The mechanism of the intrusion of such dikes, narrowing toward the
top and ending upward in rather blunt edges, is mysterious. They do
not appear to occupy fissures that were gradually wedged open from
beneath by the force of the intrusion. They seem to have eaten their

ray between the inclosing sandstones to a certain height, with no sign
of a fissure appearing above their abrupt termination. The possibility
that the top contacts were produced by lateral overthrusts, which
might bring sandstones over the truncated portion of a once higher
dike, is excluded by the narrowing of the dikes upward, by the absence
of all signs of movement at the contact, and by the induration of the
covering sandstones.

The northern end of the East Wallingford dike runs close to the
ridge of the anterior trap sheet of Tremont, and the first is with diffi-
culty distinguished fromn the second, yet there does not appear to have
been any eruptive connection between the two. The anterior sheet
here is comparatively thin, without lava blocks and ashes, such as
might be expected on the line of emergence of a dike, and such as
actually occur elsewhere in the same sheet. The close approach of the
southern end of the same dike to the anterior ridge about Northford
is more apparent than real, for, as will be shown later (see p. 97), there
is good reason to believe that a fault passes between the two ledges,
with upthrow of over 2,000 feet on the northwest. Iarther south the
outlying portions of the Collinsville dike approach the anterior ridge,
after the habit of the northern members of the IFairhaven dikes.

Wallingford and Cheshire dikes.—The intersecting dikes north of the
Mount Carmel group may be named after the villages near which they
terminate on the east and north; but they may be more briefly referred
to as the ¢“crossed dikes.” Their structure is, as a whole, very simple
and regular; but on the east the Wallingford dike is seen to rise
obliquely northward through the sandstones, and locally to assume
the form of a nearly horizontal sheet capping a small hill. Elsewhere
the lateral contacts indicate a steep attitude for the dike. Top con-
tacts are occasionally noted, as in the dikes of the previous section.
The point of intersection is covered with drift. The dislocations in
these dikes are described on page 104.

A number of small dikes and intrusive sheets, too small for repre-
sentation on the map, are found both east and west of Wallingford.
They present no novel features, but confirm the intrusive character of
the trap ledges hereabouts. A larger dike, forming a low ledge a third
of a mile long, is seen west of Brooksvale.

The Buttress dike—This is a unique feature of the region. As
described by Percival! and Dana,® it traverses the ridge of West
Rock—the chief instrusive sheet of the valley—and thus, like the
dikes in the Mount Carmel trap, indicates at least two periods of

1Geology of Connecticut, 1842, p. 399.
2 Am. Jour. Sci., 3d series, Vol. XLII, 1891, p. 90.
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action among the members of the trap series. The Buttress dike
“intersects the West Rock ridge just below the margin of Wintergreen
Lake, or about 1} miles north of the southern termination of the ridge
and 4 miles from New Haven Bay. It descends the eastern slope of
West Rock in an interrupted ridge, forms part of the southern bank of
Wintergreen Lake, sinks to the level of the West Rock surface at the
summit, but stands out like a buttress along the steep west front of
therock.”! Its trend iseast-northeast; dip,65°N. Its columnar struc-
ture runs about transverse to the greater columns of the face of West
Rock. The continuation of this dike southwestward into the neigh-
boring crystalline area becomes more nearly vertical. The Buttress
dike rock, as described by Hawes,? is somewhat unlike that of the other
dikes, in containing sparsely scattered anorthite crystals, a fourth to a
third of an inch long. Itis thus possible to identify its passage into
the West Rock ridge.

Diles of peculiar composition.—A. peculiar dike, first found by Mr.
J. C. Graham, intersecting the posterior sandstones on the outlet of
Beseck Lake, about a quarter of a mile west of the Air Line Railroad at
Baileyville, has been specially described by Mr. L. 8. Griswold.? It is
dense, dark colored, almost black, and differs from the other dikes of the
region in containing many and large phenocrysts of augite, with some
hornblende and occasionally biotite, which occupy about a third of the
total volume. It is interesting as being the first of a group of basie
dikes found in the eastern United States having a geological age deter-
minably later than the Carboniferous. It is locally noteworthy as
occupying a higher Triassic horizon than any other well-determined
dike in the Valley Lowland.

Another dike deserves mention from its exceptionally acid composi-
tion. Itisdescribed by Mr. E. O. Hovey as occurring in a new railroad
cut in Fairhaven, east of New Haven, but its very small size makes it
rather a petrographical specimen than a geological structure.*

Some questionable trap outerops, associated with the posterior ridges
of Totoket Mountain, but possibly of dike-like attitude, are described
on page 73.

Dilkes in the crystalline areas.—Percival’s report® gives a rather de-
tailed account of certain dikes that occur inthe area of the crystalline
rocks west and east of the Triassic belt. These have been examined
at various points, but they have not been found to present features of
special interest. They are not represented on the map that accom-
panies this report, as it was thought their study could be better under-

Dana, loc. cit., p. 90.

2Am. Jour. Sci., 3d series, Vol. IX, 1875, p. 188.

3A basic dike in the Connecticut Triassic: Bull. Mus. Comp. Zool. Harvard Coll., Vol. X VT, 1893,
Pp. 230-242.

4A relatively acid dike in the Connecticut Triassic area: Am. Jour. Sci., 4th series, Vol. I1I, 1897,
pp. 287-202.

5Geology of Connecticut, 1842, p. 412 et seq.



48 TRIASSIC FORMATION OF CONNECTICUT.

taken with that of the great body of crystalline schists in which they
are comprised.

The dikes are of dense texture and steep attitude, like those occurring
within the Triassic area. They are commonly from 10 to 50 or more
feet wide, being thus large enough to determine small topographic
reliefs, Their most significant feature is their occasional interruption
or apparent displacement, and this, when further studied, may be found
to bear on the extension of the faults that are here described within the
Triassic area.

Although now disconnected with the Triassic formation, it is by no
means impossible that at the time of intrusion of these dikes the sand-
stones extended far enough east and west of their present limits to
cover the crystallines where the dikes rise; for the greatest distance
from the Triassic margin to the dikes is seldom more than 5 miles,
although one of the eastern dikes is now as much as 10 miles distant.
The true-scale cross sections figured on Pl. XX makes a lateral exten-
sion of the original sandstone area for 3 to 6 miles on either side of
the present margin highly probable. At the same time, our existing
knowledge of the processes of vuleanism does not in the least demand
that these dikes should have risen through the crystalline rocks only
within the depressed Triassic trough.

SHEETS.
EARLY VIEWS AS TO THE ORIGIN OF THE TRAP SHEETS.

The various interbedded trap sheets have given rise to different opin-
ions as to their origin. Most of the early observers were inclined to class
them all together as intrusions; apparently not so much because decisive
evidence of such origin had been discovered, but because it was con-
ceived that such origin was the more appropriate or natural for inclined
sheets of igneous rock. Percival, indeed, recognized that both under-
lying and overlying sandstone and shale are in direction ¢ very gener-
ally adapted to that of the trap ridges they accompany.”! He described
the trap sheets as being very frequently ‘‘overlaid by the sandstone on
their eastern, more gradual, deelivity; thus apparently forming inter-
stratified mass or inclined dikes.””> Yet there is nothing in the context
to warrant the inference that truly contemporaneous interstratification
was meant. Such an origin does not appear to have been even consid-
ered, for the language of the State report repeatedly confirms the state-
ment made near its beginning—that the trap rocks ‘“have obviously the
character of intrusive rocks, of igneous origin;”? but as early as 1833
Hitcheock found trap fragments in 'the sandstones overlying the pos-
terior trap sheet back of Mount Tom, in Massachusetts, and reasonably
concluded that at least some of the trap sheets in Massachusetts were

1 Op. cit., pp. 319, 320.
21bid, p. 300.
31bid, p. 11.
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overflows. This has been abundantly confirmed by Emerson’s detailed
work in recent years. Nevertheless, another interpretation was given
by Dana to the facts noted by Hitchcock. The generation of steam by
the intrusion of molten trap through moist strata was thought to be
sufficient to account for what Hitchcock had regarded as evidence of
extrusion; and all the sheets of the valley were explained as intrusions
of later date than the deposition of the sandstones that inclose them,
although not necessarily of later date than the latest sandstones. As
this view was presented in successive editions of the Manual of Geology,
as well as in various scientific essays, it naturally came to be much more
generally quoted than the opinion of Hitcheock, which had no such
means of obtaining currency. It is, therefore, hardly too much to say
that when the Triassic area of Massachusetts and Connecticut was
examined by geologists from elsewhere, it was generally entered with a
prejudice in favor of the intrusive origin of the trap sheets.

At the same time the later studies of the Triassic area of New Jersey
by the geological survey of that State gave countenance to conclusions
similar to those advocated by Dana; for though the Newark or
Watchung ridges have since then been shown by Darton to be extru-
sive flows,” their intrusive origin was always maintained by Cook in

o his offigial reports.

An important part of my work has therefore consisted of a search
for facts that might be quoted as decisive in choosing between the
contrasted theories of intrusion and extrusion. From the first it has
been held possible that both intrusive sheets or sills and extrusive
sheets or flows might occur in the same field, and that the only method
of detecting their origin lay in the discovery of significant features in
every separate sheet appropriate to the one origin or the other, but
contrasted as between the two.

The method of distinguishing between originally intrusive sills and
buried extrusive flows is not inherently difficult. Their character-
istic features are well known and agreed upon. Opportunity for the
observation of these critical features is fairly good, although naturally
much less extensive than would be the case if the region were less
covered with soil and vegetation. Glacial action has, on the whole,
been favorable to observation ; for, although the desired lines of contact
are extensively covered by drift, the contacts themselves when dis-
covered are often sharp and fresh in firm rock; all the loosened waste
of preglacial time having been scraped away by the ice sheet. In this
respect Connecticut offers a better field for observation than Pennsyl-
vania, where old soils obscure contacts. The minute examination of
the Trias, under Lyman’s direction, for the Second Geological Survey
of that State has disclosed only one upper contact of sedimentary beds
on trap.?

1 Bull. U. S. Geol. Survey No. 67, 1890, pp. 16-35.
2 Final Report, Vol. 111, 1895, p. 2022.
18 GEOL, PT 2 4
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The essentially simple character of the distinguishing features being
recognized, it is not too mueh to say that the divergent views concern-
ing the origin of the trap sheeps are not to be aseribed to any inherent
difficulty of the problem, but to the natural diversity of opinion that
usually marks the developmental stages of a subject. If Connecticut
were now entered for the first time by a geologist of to-day, it is not at
all likely that he would hesitate in deciding on the origin of the trap
sheets, or that his conclusions would be questioned by his successors.
But, as a matter of fact, the study of geology in the eastern part of our
country was undertaken when the science was young. We find one
early observer! discussing the alternative of the aqueous or igneous
origin of the trap in the Palisades of the Hudson, giving us one of the
few examples in this country of the controversies that the Neptunists
and the Plutonists waged so vigorously in Europe a hundred years ago.
This stage being soon passed and the igneous origin of the trap being
generally admitted, explanation of its different processes of origin had
to be invented and the means of recognizing these processes developed.
Most of the work from 1830 to 1870 was in this direction. 1t is probably
fair to say that geological argument was in this period less critical than
it has now become. Suggestion was then more readily expanded into
proof than it could be now. At the beginning of the last quarter of ,
the century the younger geologists, perhaps less influenced by current
opinions than were the older geologists who had made them current,
might have soon solved the problem of the Triassie traps had their
attention been directed to it; but the new West absorbed their time
and the Connecticeut Valley was little studied,

Not until 1883 were the results of new observations published. In
that year Emerson confirmed Hiteheock’s belief in the case of the Deer-
field (Massachusetts) trap sheet. In the same year my vacation excur-
sions over the Trias of Massachusetts, Connecticut, and New Jersey
led me to announce the occurrence of both intrusive sills and extrusive
flows. Since then nearly all the newer observations have led to the
same conclusion, as will appear in the account of specific localities.

METHOD OF INVESTIGATION.

The method of discovering the origin of the trap sheets that stand
essentially parallel to the bedding of the Triassic strata seems to
me to afford good illustration of what has been called ¢ the logical
method of scientific investigation,” as applied to geology. There is, on
the one hand, the accumulation of facts of to-day by observation inde-
pendent of theory, followed by the grouping together of similar oceur-
rences and the announcement of the results in inductive generalizations.
There is, on the other hand, the mental invention, on the basis of pre-
viously acquired pertinent knowledge, of appropriate theories which
shall give explanation to the generalized results of observation by

1S, Akerly, Geology of the Hudson River, New York, 1820,
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gupplying the unseen facts of the past. Then comes the deduction of
all the consequences that follow from each of the proposed theories,
with experiments to aid deduction where necessary, and finally the
comparison of the generalizations from observed facts with the conse-
quences deduced from the several theories; and according to the meas-
ure of agreement found in this comparison the theories stand, waver,
or fall. The processes of observation and invention are extremely
unlike. They may advance together, but they should be held carefully
apart. It is seldom that both processes are equally well performed by
one person. Some excel in the observation of the facts of to-day, in
which originality, ingenuity, and intuition have little share. Some
excel in the invention of theories—that is, in the discovery of the
roads that lead to the facts of the past. Conscious observation is here
often replaced by unconscious cerebration, on which originality, inge-
nuity, and intuition so largely depend. Both observation and inven-
tion are again unlike the later processes of deduction and comparison,
in which the logical and judicial faculties preponderate.

All these processes advance together, interlaced through and through.
Tuvention, deduction, and comparison can not wait until all the facts
are gathered. But in the end all the mental processes should be care-
fully separated and reviewed before a choice of conclusions is announced.
The analysis of the entire method of investigation and the conscious
application of its several parts to the solution of the problem in hand
has been of great assistance, and, indeed, a delight, in the progress of
my work.

When the results of an investigation can be stated numerically, it is
frequently possible to assign limits to their probable error. It is not
possible to gauge the accuracy of geological theories in so simple and
definite a manner, but a measure of their accuracy may nevertheless
be usefully indicated, this phase of the work touching on the ‘“nature
of proof,” a general question which has interested various logicians.
It may be here briefly said that in geological work the chances of error
increase with inaccurate or incomplete observation and with faulty
generalization on the one hand, and with irrelevant invention and
illogical deduction of consequences on the other hand; and still again
with loose comparison where prejudice or habit is allowed to influence
judgment. While untested, a theory may be called an hypothesis, so
as to warn even its inventor of its unknown value. The importance of
entertaining several hypotheses at once, so as to avoid becoming too
fond of any one alone, has been well stated by Chamberlin.!  Hypoth-
eses and conclusions should be held in an open hand and continually
subjected to revision in the light of inereasing experience. This prin-
ciple has been practically inculcated in several essays by Gilbert.?

I'The method of multiple working hypotheses: Jour. Geol., Vol. VI, 1897, p. 837.
4The inculeation of scientific method by example: Am. Jour. Sei., 3d series, Vol. XX XTI, 1886, pp. 284-
209. Also, The origin of hypotheses: Science, Vol. 111, 1896, pp. 1-13.
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Successful hypotheses gradually acquire the position of accepted
theories, and accepted theories in time become hardly distinguishable
from first-hand facts. We no longer look upon the aqueous origin of
bedded rocks or the organic origin of embedded fossils as matters of
theory, although the history of geology shows that these “facts” of our
generation were the doubtful fancies of earlier ones. Time is usually
an important element in this kind of evolution, as in others; more than
a human lifetime is often needed for it. But the investigator is impa-
tient over so long a delay. He naturally wishes to discount the future
of his hypotheses and learn at once the value that they will ultimately
come to have. His wishes are often vain, yet they may sometimes
be gratified. If the numerous and peculiar results of his generalized
observations are successfully confronted by the hLighly varied and
specialized consequences of his theory, such an agreement, both quali-
tative and quantitative, can hardly be referred to chance. If confused
occurrences are reduced to order; if many apparently dissimilar facts
are shown to be merely natural variations of a simple type; if recurrent
and widespread phenomena are rationally explained, all by means of
the insight gained through a theory, the theory is certainly to be com-
mended. If after the theory is framed new classes of facts come to
light, and the theory, reasonably extended, accounts for them, it is a
good theory, for then it explains not only what it was made to explain,
but something more. If the theory leads to consequences not matched
by the facts previously observed, but perfectly matched by facts sub-
sequently searched for and found under the guidance of the theory, it
is excellent, for it endows its inventor with something of the power of
predicting the unseen. If, in fine, all these recommendations are
enjoyed by the same theory, its evolution toward the grade of certainty
is greatly accelerated, and its conclusions may be regarded as stable
enough to support other theories. It is manifest, however, that the
higher the superstructure thus erected the more remote its upper story
must stand from its real foundation on immediate observation. The
geology of to-day is full of ¢ facts” that were in the stage of contested
hypotheses only a century or two ago. It deals so largely with the
conditions of the remote past that it is necessarily a speculative science.
But when attention is consciously aroused by an analysis of the differ-
ent parts of an investigation, and of the dangers as well as of the safe-
guards of its different steps, the chances of error arising from careless
or incomplete work on any of the parts is much reduced, and the chance
of determining the correctness of the points at issue is greatly increased.

DISTINCTIVE FEATURES OF SILLS AND FLOWS.

During the progress of an investigation of the kind here outlined,
the external and internal—induective and deductive—phases naturally
advance together. Tacts secured from observation and consequences
deduced from theory continue to accumulate as long as the work is
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maintained. At its close, either the cbservations or the deductions
may be presented first, some writers preferring one order, some the
other. The deductions are here given precedence, because when they
are first in mind the reader can more critically read over the record of
observations which follows.

It is conceivable that a trap sheet, lying evenly between layers of
stratified rock, might be a contemporaneous volcanic overflow, poured
out upon the under layers and buried beneath the upper layers. Itis
also conceivable that such a sheet might have been intruded between
the layers long after their deposition, and deep beneath their uppermost
surface. In either case the stratified mass with its included trap sheet
might be subsequently tilted, bent, or broken; the composite mass
might be more or less deeply dissected and denuded, thus laying bare
its internal structures. ’

If a trap sheet were an extrusive flow it might be accompanied by
beds of volcanic ashes, bombs, and lava blocks, thrown some distance
from the eruptive vent; the vent itself might be discovered in the form
of a fissure, such as prevails in Iceland, where the lavas are poured
rather than blown out, or in the form of a pipe, over which a cone
might have been built by eruptive violence, now more or less deeply
denuded to the form of a volcanic neck or butte. The dimensions of
the low would vary with the amount and rate of supply, with the fluid-
ity of the lava, and with the form of the surface that received it. A
pasty lava might form a thick local heap; a fluid lava might spread far
and wide in a thia level-topped sheet, and its greatest thickness might
be found far from its vent. The texture of the sheet might vary greatly,
as does the lava from active volcanoes to-day; it might be dense, scori-
aceous, ropy, clinkery, or vesicular; it might be of composite structure,
as if consisting of two or more flows in rapid succession. Scoriaceous
or ashy texture might be locally developed at points where the hot flow
gave rise to explosions during its advance. The lava would be pre-
vailingly of looser texture at the upper than at the under surface; but
inasmuch as the under surface is often formed by the rolling down of
the front surface, vesicles might be found at the bottom as well as at the
top, though as a rule rare in the under part of the sheet. Invading
a body of water, it might cause some disturbance by Dboiling the
water. The under contact of lava flows and aqueous strata under
water might thus be locally somewhat confused, although on the whole
conformable.! Some signs of intermixture and baking of the under
strata might be expected,® although, on account of the poor condue-
tivity of lava, the indurating effects of this kind might be insignifi-
cant. The lava flow might be thick enough to fill an arm of the sea,
and thus form a land surface; and while exposed to the air the lava

1The characteristics of a lava flow on a degrading land surface are not specially considered. In
that case the under contact would probably be unconformable to the strata of the land mass. More-
over, a subaerial flow would be exposed to loss by denudation rather than to preservation by burial.
2See B. K. Emerson, Bull. Geol. Soc. America, Vol. IT, 1891, p. 455,
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would rust, weather, and wear. Only after depression and submergence
would such a flow receive the sedimentary cover that would more
immediately have begun to accumulate on a lava sheet that had not
risen above the water surface.

The upper contact of the lava flow with the overlying strata would
be unlike the lower in the want of disturbance by rolling and steam-
ing and in the absence of induration by baking. However uneven,
clinkery, and vesicular the lava surface, the sediments strewn over it
would tend to sift into every accessible crevice, their success in this
increasing with their fineness of texture, the deliberation of their
supply, and the strength of currents or oscillations in the water.
Where the water movements were active loose lava fragments might
be rolled about and rounded before they were buried by the invading
sediments. The more exposed mounds of the lava surface might be for
a time washed bare; the depressions of the surface might at the same
time be filled with the loose fragments from about them, intermixed
with a greater or less proportion of terrigenous sediments. In time
all the lava might be cloaked over, and then deposition would proceed
as before the eruption, burying the flow to a less or greater depth.

Many a buried flow might long exist beneath the sediments in a
depression, completely inaceessible; but if uplift should raise the depres-
sion above base-level, and allow dissection of the uplifted mass by the
destructive forces of the atmosphere, the various significant structures
above described would be brought to light. Even if greatly deformed,
the essential features of the flow might be recognized, as in the porphy-
ries of the central Alps; even if metamorphosed, as in South Moun-
tain of Pennsylvania, they might not escape identification under the
microscopic search of to-day.

If a trap sheet were an intrusive sill, it might spread for considerable
distances evenly between the horizontal strata that it invaded, but the
probability is great that here and there it would break across one
stratum or another or send out branching dikes of greater or less size
downward or upward. The sheet might gradually change its attitude,
becoming more and more oblique to the strata, and thus take on the
character of a dike. The dimensions of a horizontal sill are probably
less limited by natural restrictions than by our ignorance of the precise
process of intrusion and by the difficulty we find in imagining how the
intrusion could be carried on. The sill must at some point or other be
supplied by a neck or dike, ascending from beneath, and it is entirely
conceivable that a sill might be associated with contemporaneous over-
flows on the surface of the strata above it.  Its texture should be pre-
vailingly dense throughout,owing to the greatsuperincumbent pressure,
which would tend to prevent the formation of cracks or gas bubbles.
Fragments of the inclosing strata might be found within the sill, but
no fragments of the sill could be found detached from the mass in the
inclosing strata;.unless, indeed, the intrusion were so violent as to
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shatter its walls, in which case a contact breccia might be formed. The
inclosing strata might be baked at the upper as well as at the lower
contact, and as all the heat of the intrusive lava must pass away by
conduction through the adjoining rocks, a greater amount of induration
might be expected both below and above the sill than at the lower con-
tact of an extrusive flow. But induration will vary greatly with the
composition and moisture of the adjacent beds, and in both cases it is
important not to confuse induration by cementation long after the
arrival of the lava with induration by heat at the time the lava arrived.

It is possible that many sills may exist beneath the voleanoes of
to-day. The regularity of their form will depend largely on the manner
in which the country rock yields to the insistence uf the lava. All
gradations may be imagined, from vertical necks and dikes to branch-
ing and irregular dikes, to thin sills, thick laccoliths, and massive intru-
sions. Here, again, it is probable that the variety of nature exceeds
that of our imagination; but during this century knowledge of natural
examples has grown rapidly, and the imagination needs to be appealed
to less and less as it is replaced by observation. Deeply dissected
regions have disclosed dikes and necks, sills and laceoliths, and mas-
sive intrusions in great variety.

In reviewing these sets of distinctive features it is worth while
to notice that those of the second set are more deductive than those
of the first. It is entirely through inference that we reach an opinion
as to the structure of an intrusive sill and as to its relations to the adja-
cent rocks, for the process of intrusion has never been observed. How-
ever well we may be persuaded that a sill is, in a given instance,
correctly explained as the product of an intrusion, our belief has been
reached only through some process of reasoning essentially comparable
to that here repeated. Inference may be strengthened by experiment,
but very little imitative work of this sort has been done. In the case
of extrusive flows many of the distinctive features are directly observ-
able, and are thus in one sense safer than the deduced features appro-
priate to intrusions. Yet both sets of distinctive features are believed
to be trustworthy. They are fully in accord with the extended obser-
vations of many persons in various parts of the world. They have been
more or less independently reached and accepted by geologists in dif-
ferent surroundings, of different nationalities, and of different habits of
thought. If observation of a group of trap sheets discovers a series of
facts that corresponds with the pecuiiar and complicated distinctive
features of sills or of fows, there will be as little reason for hesitating
to regard the sheets as of one origin or che other as there is now in
referring the cold trap rocks to an igneous origin.

The difficulty of making a continuous, linear statement of the prob-
lems of the Triassic formation in Connecticut has already been indi-
cated. Actual progress through their advancing solution has been by
no means orderly, for questions of deposition, dislocation, and denu-
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dation have been over and over again encountered in all possible
sequences during the progress of the work; but it. would profit no one
if the attempt were made to repeat these mental oscillations. The linear
sequence of statement is therefore followed as nearly as possible, but
at this stage a serious interruption to orderly progress arises. The
trap sheets whose origin is here considered now stand in by no means
continuous lines of outerop, but form many interrupted ridges. Yet in
Part II it will be shown that these interruptions are of secondary
importance, and that before they were formed the trap sheets had a
much greater continuity than they now possess. Hence their dislo-
cated fragments must now be treated as if joined together in their
initial arrangement, although the arguments leading to this conclusion
must be postponed to the second part of this report.

If each ridge, cut from its fellows by an oblique notch, were taken as
the edge of an individual sheet, there would be about 130 sheets to be
studied within the limits of the State. But it will appear later that
nearly all of these ridges may be referred to five sheets, consisting of two
chief intrusive sills (which may locally assume the attitude of dikes)
and three extrusive flows; and that the apparently great number of sep-
arate sheets is really due to the dislocation and dissection of a much
smaller number. This important result of the later part of the report
is here anticipated for the greater simplicity it gives to the rest of the
present part; and being provisionally admitted, we may go on to the
following local descriptions, which present such facts as are significant
with regard to the intrusive or extrusive origin of the trap sheets.!

RIDGES OF THE WESTERN RANGE.

East Rock and associated trap hills, New Haven.—This is a short but
heavy monoclinal sheet of trap, interrupted at two points, with bold
outerop showing strong columnar structure on the southwest. At its
northern end the sheet assumes a dike-like position, with nearly as
steep a face on the east as on the west, as it approaches Whitney PPeak
at the east end of the Mill Rock dike. The summit of East Rock,
reached by excellent roads, forms part of a publie park, whence one
may obtain an extensive view, including the city and harbor of New
Haven, the southern part of the Valley Lowland, with various trap
ridges standing above its floor, and limited portions of the Eastern and
‘Western uplands near the coast. Long Island appears on the southern
horizon, beyond the Sound.

Several outerops of sandstone beneath the strong clifi’ of East Rock
are essentially parallel to its under surface. The chief alteration of
the sandstones near the under contact is in changes of color. No close
induration was noted in their generally rather loose texture. The trap
is dense throughout, of coarser texture about the middle, but fine-

1 ¥uller details are given for a few localities in the paper on Intrusive and Extrusive Triassic Trap
Sheets, mentioned on p. 18,
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grained at the top and bottom. On the northeastern slope, within a
few feet of the fine compact trap, there are outerops of a dense indurated
sandstone and conglomerate. No trap fragments are found among the
pebbles. Farther down the slope the sandstone soon becomes loose-
textured and fragile. .

The detailed account of this rock given by Dana'! explains it as a
laccolithic expansion from a feeding dike, whose ascent is inferred from
the steepness of the slope along the northeast side of the hill near its
northern part. Indian Head, a dependence of Iast Rock on the south-
east, is believed to have a similar structure. In this respect these two
rocks may be compared to the Palisade sheet of New Jersey and New
York, which Darton has shown to ascend obliquely from a dike along
its lower or western side.” Snake Rock, separated from Indian Head
by a patch of sandstone, seems to be a steeply inclined sheet of small
dimensions.

Dana’s interpretation of the attitude of the sheet with respect to the

F16. 6.—Dana’s restoration of East Rock.

underlying sandstones, as shown in fig. 6, is based on two suppositions.
First, that the upper surface of the rock has not been significantly
changed by denudation from its original shape; and, second, that the
upper and under surfaces are parallel. Another interpretation of the
hidden structure is therefore given in fig. 7. The distinct separation of
East Rock and Indian Head is explained by Dana as chiefly the result
of stripping of the sandstone cover from two nearly independent lac-
colithic intrusions. The original continuity of the two trap masses and
the origin of the notch between them by Tertiary erosion along the
line of a possible fault by which they were dislocated was not consid-
ered. Such notches will later be shown to be common in other parts of
the valleys (see p. 170), and of possible occurrence here.

West Rock ridge.—This is a long monoclinal sheet, with a bold bluff
on the west and a long slope to the east, terminating at the south in a

1 Am.Jour. Sci., 3d series, Vol. X LII, 1890, p. 99.
2 Bull. U. 8. Geol. Survey No. 67, pp. 51-52.
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strong curve to the east; this part of the ridge being “ West Rock.”
The sandstones beneath the trap are made of coarse granitic waste,
with red and purplish shales. Close to the trap they are deseribed by
Dana as “hard baked.” At the southern curve of the rock the under
surface of the trap sheet obliquely intersects the bedding of the sand-
stones for about 200 feet, as shown in Pl VI, this having been
originally pubiished by Dana, in his paper already cited. Here the
columnar structure of the trap is superbly shown in a majestic bluff,
200 feet or more in height. The trap is very dense throughout, without
amygdaloidal structure. Near the base of the bluff' and near the upper
surface of the sheet on the eastern slope the trap is finer grained than
within the mass.

The eastern slope of the ridge, near its southern end, is covered for
a short distance above the base by shaly sandstones, which are some-
times exposed in little gullies. The beds vary in color from gray to

o

Fra.7.—Inferred section of East Rock.

purple and bright brick red. They have not been seen in contact with
the trap; but close to the southern curved end Dana mentions the
occurrence of fragments of sandstone embedded in the trap. Toward
the northern end of the ridge. west of Centerville, the dense trap near
the base of the east slope is overlain by patches of sandstone, and
directly at the contact the two rocks appear to be fused together; but
the effects of heat are not apparent for more than 2 or 3 feet upward.
The eastern slope of the ridge is sometimes covered with loose trap
waste, such as commonly forms the talus at the western bluff of all the
larger ridges. This may be the result of a somewhat steeper attitude
of the trap sheet than of the sandstone strata, and may in so far be
taken as an indication of the intrusive origin of the sheet.

The ending of the trap ridge at its southern hook appears to be the
result of the termination there of its intrusion. If its ordinary thick-
ness were maintained farther south, the ridge should not die out. It
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does not appear to be cut off by faulting, for in spite of the excellent
opportunity for observation afforded in the bluff and quarries, no sig-
nificant signs of movement are to be found. The great joint faces, by
which the massive sheet is divided into irregular columns, still preserve
all details of their original feather fractures, and are entirely free from
slickensiding or breccia, such as are found plentifully in the trap sheet
of the Meriden quarries (see p.109). The gulleys that are found on the
inside of the hooked end of the ridge, descending northeastward, have
much the appearance of small ravines, such as are elsewhere worn down
on lines of fault breccia (see p.111), but here they seem rather to exhibit
the form of the trap casting after its initial sandstone mold has
been worn away. The outline of the north end of the ridge is also
strongly indicative of irregular intrusion among the sandstones, for it
is much more uneven than the strike of the neighboring strata, which
seem to be cut across irregularly by the trap bluffs; but the termina-
tion of the ridge on the north appears to be due to faulting, as will be
discussed on p. 132, The traps of East and West rocks have been petro-
graphically studied by E. S. Dana and G. W. Hawes, who pronounce
them dolerites, little affected by alteration subsequent to intrusion, and
in this respect unlike the trap in several of the eastern ridges.

Bethany Mountain.—This name may be applied to a strong trap ridge,
about a mile and a half in length, standing between two deep notehes,
which will later be referred to as the Bethany gaps. The trap here is
essentially like that of West Rock ridge, but no critical contacts have
been found. The small detached knobs of trap hereabouts will be
referred to later (see p. 104).

Gfaylord Mountain.—This name may be applied to the long ridge that
forms the last member of the southern division of the western ridges.
It includes Mount Sanford, a culminating summit over 900 feet in ele-
vation. The ridge decreases in height north of Cheshire, and beyond
its end there are only a few isolated trap ledges above and below Mill-
vale. The under sandstones are not seen in contact with the trap;
indeed, near the southern end of the ridge the trap seems to rest
almost directly on the schists, as if it lay at the very base of the Triassic
formation. Farther north a narrow valley separates the ridge from the
Western Uplands, and here some significant thickness of underlying
sandstones may be inferred. The general course of the ridge trends
about parallel to the strike of the strata hereabouts, and this, together
with the bold western face and the gentler eastern slope, warrants the
belief that the trap has the form of a sheet rather than that of a dike;
but the oceasional occurrence of talus slopes on the eastern side of the
ridge suggests that the sheet may lie at a slightly steeper angle than
the dip of the adjoining strata.

The trap is dense throughout. The middle of the sheet exposed near
the crest of the ridge is, like the trap from the New Haven localities
described by Hawes, much less altered than the trap of the eastern
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ridges. Only two upper contacts with the overlying sandstones have
been found. One is in the gorge just north of Mount Sanford; the
other in the ravine of Roaring Brook, a mile beyond. At the first
locality, alongside the stream near the head of the gorge, a conglomer-
atic sandstone is seen in immediate contact with dense trap, the two
appearing to be welded together.N No trap fragments are found among
the conglomerate pebbles. Xurther mention of facts noted here is
made on page 133.

Roaring Brook, in the town of Cheshire,’ gathers a considerable
volume of water on the uplands, west of Gaylord Mountain, and has
cut a picturesque ravine down the eastern slope. This ravine affords
an excellent contact of the trap with the overlying strata; the best
known in the southern division of the western ridges, whose total
lengthis 17 miles. It has therefore received careful examination. The
trap is dense and without vesicles. At the contact it is fine grained
and glassy; the flow of the melted trap is recorded in the arrangement
of feldspar prisms parallel to the junction surface. This surface
obliquely traverses several beds of conglomerate, sandstone, and shale,
but its outline is not nearly so irregular as that of the upper surface
of the eastern trap sheets, yet to be described. Slender glassy leaders
branch from the upper surface of the sheet into the overlying sandstone.
Some of these are mere threads; the largest observed begins with a
width of 3 inches and ascends about 20 feet into the overlying strata.
The finer-grained adjacent beds are indurated, but are not changed to
the extent of developing new minerals; the coarser beds are very
little altered, except immediately at the contact. No pebbles of trap
are found in the conglomeratic layers, although here, as at East Rock,
the ancient waters must have been active enough to have gathered
trap fragments, if any such were to be found near at hand.

The farther northern extension of this division of the western range
in several short ridges about Milldale has not afforded any contacts of
trap and sandstones. The trap remains dense and nonvesicular, as
already described.

Barndoor Range.—The many disconnected hills that form a notched
and interrupted series in the northwestern parv of the Triassic area
constitute the northern division of the western range. As far as
observed, they all consist of dense trap, without the vesicular structure
that so constantly characterizes the upper surface of the sheets in the
eastern range. The range is heavily wooded, and none of the ridges
are large enough to gather streams on their uplands by which lateral
ravines could be cut; hence no actual contacts of trap and bedded
rocks have been discovered on either side of the ridges; but in a few
places an apparently indurated conglomerate has been found near the
trap. A notable feature of many of these ridges is the occurrence of a

1Not to be confused with Roaring Brook of Southington, where the basal members of the Triassic
formation are seen, as described on p. 19.
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steep talus-covered slope on the east as well as on the west side. In
this they differ from the greater part of the southern division, and more
emphatically from the whole of the eastern group of ridges. The absence
of contrasted form between the eastern and western slopes is taken as
indicating a steeper attitude for the trap masses of the Barndoor Range
than prevails elsewhere, and as suggesting that they turn somewhat

F16. 8.—Section of oblique sill.

from the type of sheets to that of dikes, as indicated in the.accompany-
ing figures (figs.8 and 9.) It is, indeed, somewhat questionable whether
these ridges should be grouped with the sheets or the dikes; but as
they are situated symmetrically with the undoubted sheets of the south-
ern division, they are placed provisionally in the former class.

F16. 9.—Section of slanting dike.

SUMMARY FOR THE WESTERN RANGE.

Although significant exposures are rare, the following characteristics
prevail in the western range of ridges (including East Rock, New
Haven).

The trap of these ridges is dense throughout. As a whole, the trap
shows less hydration and alteration of its constituent minerals than
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/

occurs in the eastern ridges. The upper as well as the lower part of 5
the trap masses is free from amygdules. Close to the lower and upper
contacts the texture of the trap is finer grained. Although in a gen-
eral way interbedded among the stratified rocks, oblique passage across
the inclosing strata has been detected in the members of the southern
division, and a distinetly dikelike habit prevails in the form of many of
the Barndoor ridges. The overlying strata are cut by minute or small
branch dikes or stringers from the main sheet. The strata do not con-
tain fragments of trap; yet the presence of pebbles in the conglomerate
layers shows that the movemenv of the waters in which they were depos-
ited was sufficient to bring trap pebbles along with others, if any were
at that time to be found. While hardly exhibiting distinet fusion at
the contact or a significant metamorphism or baking near by, the over-
lying strata are prevailingly dense and firm close to the trap, and much
more so than is generally the case elsewhere.

RIDGES OF THE BASTERN RANGE.
ANTERIOR RIDGES.

Anterior of Saltonstall Mountain.—The numerous outcrops along the
back of the many divisions of the anterior ridges are always highly
vesicular. This structural feature is so constant that it will not be
separately noted in all the following accounts of special localities.

A cutting made for a roadway at the south end of the Saltonstall
anterior, near Easthaven station, Shore Line Railroad, is described by
Dana as possessing pipestem vesicles, sometimes 2 or 3 inches long,
and often occurring in groups.! In spite of mueh searching no upper
contacts could be found along the back of the ridge; but its composite
character near the villages of Foxon and Totoket leaves no doubt as to
its origin. Here the lower part of the sheet is of comparatively dense
trap, more or less vesicular on its back; then follows a greater or less
breadth of surface in which irregular knobs of a highly scoriaceous or
ashlike trap appear, but of very variable texture. Crystalline peb-
bles occur in greater or less proportion through the ash; and there is
sometimes the appearance of a stratum of sandstone or conglomerate
separating the lower, deuser lava from the higher ash bed. The irreg-
ularity of outcrops hereabouts is not thought to indicate a correspond-
ing discontinuity of trap and ash, but to testify only to their irregular
texture and variable resistance to erosion. The greater breadth of sur-
face here occupied by the composite anterior sheet is due in part to its
greater thickness and in part to a decrease of dip as compared to the
southern part of the same sheet.

The close approach of numerous dikes and necks to the heavy and
irregular ash beds of the Saltonstall anterior sheet has already been
mentioned as suggesting that surface eruptions may have taken place

1Am, Jour. Sci., 3d series, Vol. XLIT, 1891, p. 105.
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in this locality at that time in the history of the formation represented
by the basal members of (he anterior shales.

Anterior of Totoket Mountain.—The anterior sheet opposite the south-
ern part of Totoket Mountain repeats all the structural features just
described. The lower part generally consists of dense trap followed
by a more or less distinet separating belt of sandstones or conglomer-
ates, which is in turn succeeded by irregular ledges and knobs of loose-
textured ash carrying lava blocks and crystalline pebbles. The last
division is very variable; sometimes exhibiting dense trap, as if locally
replaced by small lava flows; sometimes with so largely increased a
share of pebbles as to gain the appearance of an ordinary conglomer-
ate. After passing a certain space where the anterior sheet is not
seen (see p. 97), this composite and variable structure is repeated in
the farthest northern outerops of the Totoket anterior, beyond the north-
ern hook of the mountain ; but the anterior of Piscapaug Mountain next
to the northwest seems to be a simple and thin lava sheef.

The considerable area occupied on the map by the northernmost part
of this anterior sheet by no
means represents a continu-
ous exposure of trap rock on
the ground, but there seems
to be no good reason for sub-
dividing it into trap and
sandstone areas. Itis best
interpreted as an extended
area of the lower, denser
part of the anterior sheet,
here spreading over a larger
breadth than usual on ac-
count of a faint dip; but sandstone outerops hereabouts are rare, and
this interpretation is open to doubt.

Anterior of Higby Mountain.—The long auterior of Durham and Higby
Mountain has afforded only two localities where the relation of the
trap to the overlying sandstone is revealed. One of these points is a
quarter mile south of Black Pond, East Meriden. Here a slight hol-
low on the back slope of the ridge contains numerous loose blocks of
sandstone holding angular and subangular pieces of vesicular trap as
in fig. 10,

The second locality is by the roadside nearly a mile south of the
north end of the anterior ridge on its back slope. Trap fragments are
here again contained in the overlying sandstone, and at both localities
a close examination shows that minute clastic deposits occur in many
of the vesicles of the trap. Still nearer the north end of the ridge, under
its western face, a bed of voleanic “ashes” and trap blocks is found,
similar to that in the anterior of Lamentation Mountain, described below.

Anterior of Chauncy Peak.—A mixture of ‘““ash” and trap blocks like

¥1@, 10.—Fragments of trap in sandstone, Higby anterior;
natural size.
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that just mentioned occurs here also at several points along the west-
ern base of the ridge. It was freshly exposed several years ago in the
side of the Meriden-Westfield road. During the construction of a res-
ervoir that now occupies the anterior valley between the main and the
anterior ridges a great number of fragments of vesicular trap were seen
embedded in the sandstone blocks that had been taken from the founda-
tion of the dam.

Anterior of Lamentation Mountain.—A. bluff of this ridge overlooking
the road between Meriden and Berlin, about midway between these
places, consists of ““ashes” and trap blocks, to which the name ‘¢ash bed”
has come to be locally applied. The oceurrence has excited much inter-
est in the neighboring towns since it was pointed out in 1887, and a
well-worn path now leads up to it through the underbrush. The
“ashes” consist of fine lapilli, in a bed that here has a thickness of
about 30 feet. No stratification is perceptible in the deposit. The
lapilli are recognized under the microscope as fragments of fine-grained
trap, much altered ; chlorite, quartz, and calcite being thus abundantly
produced. No grains of waterworn quartz or other clastic material
have been noted in the mass. Technically the deposit should be called
tuft, if the origin later suggested for it is accepted. The deposit is
repeated as far as 13 miles to the southeast, at the localities mentioned
above. It soon disappears to the north, its place in the western bluff
of the ridge being taken for a short distance by a bed of trap con-
glomerate.! Waterworn vesicular fragments of trap are here embedded
in stratified sand.

The tuff contains numerous oval bloeks of dense trap from 6 inches
to 3 feet or more in diameter, giving the face of the bluff a curiously
mottled appearance. The blocks are not in the least vesicular after the
manner of ordinary volcanic bombs, but are of compact and uniform
texture from center to surface. They have no definite arrangement,
but are more plentiful near the base of the tuff than higher in the
mass. One of them has embedded itself about 6 inches in the nnder-
lying sandstone, which is exposed for a short distance at the base of
the tuff. The bedding of the sandstone bends downward under the
embedded block in a suggestive manner.

The trap sheet above the tuft is more or less vesicular throughout,
and particularly so at its upper surface along the back of the ridge.
At one point, about opposite to the best exposure of the ash bed, a
low knob of trap was blasted and thus shown to contain many layers,
films, and strings of sandstone, which frequently penetrated fissures
and cavities in the scoriaceous rock to a depth of 2 feet beneath its
upper surface. In some cases the sand layers seemed to lie between or
to surround isolated blocks of spongy trap. The overlying sandstone
conforms closely to the minor irregularities of the trap surface; its
color is darker than usual from the presence of trap grains, recogniza-

1See Percival, Geology of Connecticut, 1842, p. 865.
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ble under the microscope. A few feet higher in the sandstones there
are two tuffaceous layers of a rusty brown color, each about an inch
in thickness and a foot apart. They contain small waterworn frag-
ments of trap, much weathered and mixed with quartz grains. The
microscope shows the fragments to have a vesicular, porphyritic strue-
ture; alongside are grains of quartz, orthoclase, and muscovite, pre-
sumably derived, like the sandstone as a whole, from the bordering
areas of ancient crystalline rocks. Altogether, this is a very instrue-
tive locality.

It may be at once stated that two special explanations have been
offered for the structures here observed. One regards them as the
product of some central vent, from which the anterior lava was emp-
tied, and Mount Carmel has been suggested as possibly representing
the lower part of the stock beneath such a vent; but the distance of
10 or 11 miles from Mount Carmel to the Lamentation anterior makes
it improbable that blocks of lava 3 feet or more in diameter could
have come from that source. The other and more acceptable sugges-
tion, made by Emerson,! regards the lava blocks and ash bed as the
result of local eruptions caused by the heat of the advancing lava flow
itsclf.

Anterior of Cat-hole Peaks.—Two small openings near the base of the
sheet, back of the Poorhouse barn 14 miles northwest of Meriden,
expose dense trap masses of extremely irregular form, like ropy flows
of lava, the spaces between being filled with a loose material that may
be called lapilli. Numerous pipe-stem cavities occur near the bound-
ing surface of the ropy masses, standing at right angles to their
curving surfaces.

Anterior of South Mountain.—Near the preceding locality, but
separated from it by a fault of moderate throw, a small exposure of
the sandstone immediately overlying the trap sheet afforded a frag-
ment of waterworn vesicular trap, at a point 100 feet southwest of the
Meriden Poorhouse. The western part of the anterior in the same
block is cut by a road leading through Reservoir Notch, and shows the
sheet to be highly vesicular for at least 10 or 15 feet beneath its upper
surface.

Anterior of Ragged Mountain.—A few poor exposures on the back of
the sheet along the roadside half a mile south of Shuttle Meadow
reservoir reveal weathered fragments of vesicular trap in the overlying
sandstone., Some of the vesicles in these fragments contain minute
clastic deposits.

Anterior of Rattlesnake Mountain.—The northern of the two roads
that cross the main trap ridge east of Farmington village leads to an
instructive exposure of the overlying sandstone resting on the uneven
surface of the anterior trap sheet; unfortunately, the outerops are
much weathered. The trap is very vesicular at the surface, where

1 Bull. Geol. Soc. America, Vol. VIII (for 1896), 1897, pp. 63-65.
18 GEoL, rT 2 5
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some of the amygdules consist of indurated bitumen. The overlying
sandstones lie conformably on the uneven trap surface, the sand grains
filling the open vesicles. The lower layers of the sandstone consist of
an intimate mixture of trap fragments and sand grains. Some of the
larger amygdules contain banded deposits, like those described under
the Tariffville locality, below. About a mile southwest of this locality,
on the west side of a small pond, sandstone is found in the irregular
upper surface of the vesicular trap; but the exposure is much
weathered.

Anterior of Pinnacle Mountain.—The face of a bluft in the anterior
ridge, opposite a point midway between Simsbury and Weatogue,
exhibits the slaglike, ropy flow structure, such as was described in the
anterior of Cat-hole Peaks, but without the loose material (lapilli?)
between the separate parts. Numerous pipestem amygdules are found
here. \

Anterior ridge at Tariffville—This interesting locality was first dis-
covered and described by Prof. W. North Rice.! It is one of the most
instructive in the valley. The Farmington River here cuts across both
the anterior and main ridges. A little south of the river a railroad cut
has been opened through the anterior trap sheet. Most of the anterior
trap is thus seen to be of dense texture, but near the eastern side of the
ridge—the top of the sheet—the texture becomes distinctly vesicular.
There the sheet is covered by a thin bed of tuffaceous material, which
locally passes along the strike into a bed of trappy sandstone. Above
this is a second sheet of trap, of moderate thickness, but no contact
with the overlying sandstone is here to be seen. In the more compact
trap immediately below the tuffaceous layer, pipestem cavities con-
taining spike amygdules are common, always standing normal to the
neighboring surface of the trap sheet. They are several inches in
length and commonly a quarter of an inch in diameter. Banded
amygdules of oval form are occasionally found, the bands standing
parallel to the bedding of the adjacent sandstone. Under the micro-
scope the lower part of the amygdules is found to consist of granular
calcite and secondary quartz, stained with iron; the banding appears
to be due to variations in the supply of ferric oxide while the vesicle
was filling. The upper part usually consists of composite calcite
crystals, free from iron. It may be at once argued here that the
parallelism of the bands in these amygdules to the monoclinal beds of
the Triassic formation shows that, whatever origin is to be attributed
to the trap sheet, it must have gained its present position with respect
to the sandstones before the latter were tilted. This minute structural
detail repeats the occurrence noted by the author in several sheets of
amygdaloid in Brighton, near Boston, some years ago.?

Certain vesicles close to the surface of the sheet contain grains of

1 Am. Jour. Sci., 3d series, Vol. XXXTI, 1886, pp. 430-433.
2 Proc. Boston Soc. Nat. Hist., Vol. XX, 1880, p. 426.
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clastic quartz and orthoclase along with the calcite filling, the grains
being arranged with their major axes parallel to the bedding of the
sandstone, from which the above argument may be repeated. This
arrangement will be noted for a number of localities to be described
on the main sheet. The overlying sandstone contains many water-
worn fragments of vesicular trap. The trap fragments in the tuff’ bed
resemble the lapilli of the ash bed in the Lamentation anterior.

Descending from the railroad cut to the river and crossing to the
farther bank by the road bridge, one finds a good exposure of sand-
stone containing trap fragments and lying on the back of the trap sheet.

Anterior of Peak Mountain.—The northern end of the anterior ridge
lies west of the highest summit of Peak Mountain and a little south of
the abandoned copper mine that is locally famous under the name
of “Newgate Prison.” About 14 miles farther north two small knolls of
hard sandstone are found, capped with trap,in the position that the
anterior sheet would occupy if continued. Near the under contact
some of the trap exhibits a ropy flow structure; some of it consists of
angular blocks, but all are surrounded by a thin layer of sandstone.
The local occurrence of these knolls and the peculiar relation of the
trap to the sandstone are best interpreted as marking the outermost
tongues of a stagnating lava flow, whose ropy and broken upper sur-
face was rolled forward and downward onto the floor of the depression
as they slowly advanced.

MAIN RIDGES.,

The greater thickness of the main sheet—its measure frequently
reaching 400 or 50 feet—renders it much more important topograph-
ically than the thinner anterior and posterior sheets. It consists in
greatest part of dense and rather coarse-grained trap. It is always
vesicular near the upper surface, but the vesicular portion of the sheet
is much less important in proportion te the whole than it was in the
anterior sheet; yet the absolute thickness of this portion is not so dis-
similar in the two as would be inferred from Percival’s descriptions.
As described by E. S. Dana and Hawes, the trap in several of the eastern
ridges is much altered as compared to that of the western ridges, so
that it belongs with the diabases rather than with the dolerites. The
studies by C. L. Whittle have extended the application of this con-
clusion.!

Saltonstall or Pond Mountain.—This southernmost member of the
long series of main eastern ridges presents a strongly crescentic outline.
It is extremely scoriaceous on the back slope in its descent to Salton-
stall Pond. The notch near its southern end, deepened by the cut of
the Shore Line Railroad, exposes the trap resting conformably on the
undei sandstone. The sandstone is very little altered, but at a depth
of 3 inches beneath the trap it contains minute and isolated fragments

1 Bull. Mus. Comp. Zool. Harvard Coll., Vol. XV, 1889, pp. 99-138.
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of trap, implying that when these layers were deposited a neighboring
mass of trap supplied fragments to be mixed with the grains of sand.
The base of the trap for several feet upward is decidedly close grained
and somewhat vesicular. It is more or less fractured, the fractures
being filled with subsequent infiltrations of secondary quartz and
calcite. This breccialike structure corresponds, on a smaller scale,
with that observed at the base of the Totoket anterior, near its north-
ern end.

Approaching the upper surface at the base of its eastern slope, the
dense and coarser texture of the middle becomes finer and finer and at
the same time more vesicular. Near the east end of the northern hook
of the ridge, there is fortunately a small exposure of sandstone in a
stream bed directly overiying the trap sheet. Good contact specimens
were obtained here, and as they have been interpreted by L. O. Hovey
as indicating induration from heat, a very careful examination of
them has been made in field relations, in hand specimens, and under
the microscope. The sandstone lies conformably upon the trap as far
as the few feet exposed suffice to indicate the relative attitude of the
two rocks. Although the sandstone is unquestionably indurated, ordi-
nary observation does not suffice to decide whether this results from
cementation or from baking. When a section across the contact is
examined under the microscope the sandstone is seen to occupy all the
inequalities of the trap surface, the lamination of its minute stratifica-
tion conforming to the general contours of the trap. Fragments of
vesicular trap not infrequently occur in the sandstone. Vesicles, more
or less open npward, are filled with stratified clastic deposits, and are
connected with the overlying sandstone by narrow necks. These clastic
grains are usually of the most enduring minerals of the ancient erys-
talline rocks, namely, quartz, feldspar, hornblende, and muscovite,
cemented by granular calcite and stained by ferric oxide. Minute
fragments of vesicular trap are found, along with other clastic grains,
in the fillings of the open vesicles, these being the most interesting of
their constituents. The first grains deposited in the vesicles are
arranged with their longer axes roughly parallel to the floor of the
cavity, but as the center filled faster than the sides, the grains later
deposited assume a general parallelism to one another. It is espe-
cially notable that the plane of deposition then becomes accordant in
various independent vesicles, and that it stands parallel to the strati-
fication of the sandstone, which here has a steep southward dip.
Although the hardness of the sandstone is distinctly greater than
usual, there is no appearance of tusion or of alteration of the mineral
grains; the hardness is entirely due to infiltration of cementing calcite
and iron oxide.

Totoket Mountain.—Like the preceding, this member of the series of
ridges formed by the main trap sheet is strongly curved. The only
localities on this mountain that need be mentioned in this connection
are at upper contacts of the trap with the sandstones, found in stream
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beds near North Bradford village and near Quonnipaug Pond, on the
inside of the southern and northern hooks in which the mountain ter-
minates. The upper surface of the trap at both of these localities is very
vesicular and irregular. The lamination of the sandstone conforms to
these irregularities. There is intimate mixture of rounded trap grains
and sand close to the contact; occasional trap fragments are found for
a few feet above the contact at the northern locality. Grains of sand
and trap fill open vesicles, repeating the minute and peculiar structural
features of the Saltonstall contact. The sandstone in the northern hook
is decidedly indurated near the contact, but it exhibits no signs of
baking, fusing, or other alteration due to heat. Its hardness seems to
result solely from cementation, as in the previous case.

A ravine in the northern bluff of Totoket discloses the even contact
of the trap on the sandstone beneath it, but without significant fea-
tures. Few contacts of this kind are here referred to; they were not
often carefully searched for, seldom being of discriminative value.

Higby Mountain.—The long ridge known in its successive parts as
Tremont and Higby Mountain has
yielded only two exposures of upper
contacts. DBoth of these are on the
back of Higby Mountain, on IFall
Brook, about a quarter of a mile
upstream from the southern of the
two roads that run from Westfield
toward Meriden. All the features
of adjustment of the sandstone to
the trap, such as mixture of trap
fragments with the sand grains and
filling of open vesicles with clastic
fragments, are here repeated. Some of the rounded trap fragments
occur in the sandstone layers even 5 feet above the general surface
of the trap. Downstream from these contacts many stones in the bed of
the brook contain fragments of vesicular trap. It was by following
these up to their source that the contacts were found.

Chauncy Peak.—The channel of a wet-weather stream leading down
the back of this portion of the main sheet passes gradually from
dense to vesicular trap, and then to a mixture of trap fragments and
sandstone. The rock surface is glaciated and comparatively little
weathered, but the area open to observation is small. No special study
of it has been made, as it appeared to repeat very closely the features
better shown on the back slopes of Highy and Lamentation mountains.

Lamentation Mountain.—At the northern end of this ridge Spruce
Brook cuts a little trench, passing from the trap to the covering sand-
stone. The wallsof the trench exhibit vesicular trap of very irregular
texture. Intimate and complicated mixture of sand and trap oceurs in
the upper portion of the sheet, as in fig. 11. The upper portion is highly
vesicular, with unevenly rolling surface. Sand and trap grains fill

F16.11.—Scoriaceous trap and sandstone, Lamen-
tation Mountain; natural size.
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open vesicles near the surface, and occupy interstices among tne trap
fragments for 2 or 3 feet downward. The stratification of the sandstone
is conformable to the trap, the minute layers in the vesicles having the
same dip as the larger beds. Isolated waterworn fragments of vesicu-
lar trap occur in the sandstone for 2 or 3 feet above the trap sheet.

Quarry Ridge.—The small, easternmost trap ridge of the Hanging
Hills group has been deeply quarried for railroad ballast and road
metal at and near its southern end, in Meriden, and now presents an
excellent dissection of a complex trap sheet. It is one of the most
important exposures in the region. The trap is separated into a lower
and an upper sheet by a divisional surface, slanting with the general
monocline of the region. The lower sheet is dense and of bluish color
in its deeper exposure, but becomes red within 4 or 5 feet of the
top; here it contains numerous amygdules of chlorite, which give it a
mottled appearance and cause it to simulate an altered sandstone, for
which it has indeed been mistaken. IEven 10 feet or more beneath the
upper surface the rock is greatly altered, the glassy base being often
devitrified, and calcite being so plentiful that dilute acid causes effer-
vescence. The amygdules, frequently of regular form, are at this
greater depth nearly all due to replacement. Toward the surface the
texture steadily grows finer and the cavities due to gas expansion
become more numerous. Five feet below the contact the cavities
occupy about one-fourth of the volume; a foot from the surface their
proportion has increased to fully two-thirds. The origin of these vesi-
cles by gas expansion is shown by the tangential arrangement of the
feldspar crystals around the cavities, conforming even to their minor
irregularities.

The red color near the surface is due to the formation of ferric ses-
quioxide. Hawes has pointed out' that alteration of iron-bearing
minerals within a rock mass not exposed to the weather is from one
protoxide to another; but if exposed to the weather, it is from the pro-
toxide to the sesquioxide. It is the former change that generally
characterizes the alteration of the trap in the eastern ranges, as con-
trasted with the unchanged trap of the western ranges. The occur-
rence of reddened trap, such as is found here, even at a depth of 30 or
40 feet beneath the surface of the overlying dense steel.green trap of
the upper sheet, is therefore to be aseribed to some particular cause,
not operating generally.

The upper surface of the under sheet has been occasionally stripped
bare in process of quarrying. It then appears to be of undulating
form, each convex wave being from 2 to 4 feet across and from 3 to 6
inches in relief. The resemblance of this surface to the surface of ropy
lava flows on Vesuvius or Kilauea is very striking.

A little clastic material occurs between the two trap sheets, but it is
recognizable only by aid of the microscope, as the sheets are generally

1 Am. Jour. Sci., 3d series, Vol. IX, 1875, p. 190.
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closely in contact. At certain points they are so closely welded that
hand specimens may include fragments of both. The clastic material
consists of rudely stratified grains of quartz and orthoclase, with angu-
lar fragments of red trap, like that in the upper part of the under sheet,
the whole cemented by quartz and calcite.

At one point in the northern quarry a deposit resembling the ash of
the Lamentation anterior bed has been found by J. B. Woodworth.

The upper sheet is bluish-green on fresh surfaces, but weathered to
reddish-brown on joint faces. It is dense throughout the quarries, and
is much less altered than the lower sheet. It falls off abruptly on the
eastern side, for reasons to be explained on a later page; but by fol-
lowing the Quarry Ridge northeastward half a mile or more, to a point
where its eastern side descends normally to the low ground, the trap
surface near the base of the ridge is found to be vesicular, as is usual
with all the eastern members of the series.

It may be at once stated that this composite structure is inter-
preted as a double lava flow, the second flow being spread out on the
weathered surface of the first.

South Mountain.—A bench rises on the back of this mountain (shown
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F16. 12.—Double flow indicated by proﬁlo of South Mountain.

in profile in fig. 12), as if a subordinate sheet of trap overlay the main
body of the sheet and the two were separated by a layer of less resist-
ance in the depression beneath the bench. No sandstone was found
between the two portions of the sheet, but the upper surface of the
lower portion was found to be vesicular close under the bench. Thisis
an unusual structure in the trap sheets. It is believed to repeat the
composite structure exposed in the Quarry Ridge. The front view of
South Mountain (P1. X)) gives only the ordinary aspect of a bold bluff,
without showing the bench on its back.

West Peak.—The easternmost trap outerops that are believed to
belong to the main sheet in this block appear to the east of a road lead-
ing north from the Reservoir Notch, and are separated from the main
ridge by a shallow longitudinal valley. Although no critical contacts
have been found, itis thought probable that these eastern outerops may
here indicate the same upper flow already seen in the Meriden quarries
and inferred on the back of South Mountain. Similar supplementary
ridges are found on the back slope of the main sheet in the New Britain
district.

FEast Talcott Mountain.—The duplication of the main trap sheet in
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Talcott Mountain by a longitudinal fault will be duly described in
Part 11. Where the West Hartford-Bloomfield town boundary crosses
the back slope of the eastern main sheet Tumbledown Brook has cut
a shallow gorge. Amygdaloidal trap is seen in place at the water’s
edge, and for several feet upward on the banks there are distinctly
bedded layers containing fine trap waste, dipping 8° or 10° eastward.
A few rods farther downstream there is a thin-bedded gray shale, fol-
lowed by heavier bedded red shale.

No significant features were found in the trap sheet of the main ridges
farther north, although the trap is always vesicular if seen at points
near the base of the eastern slope.

POSTERIOR RIDGES,

Posteriors of Saltonstall Mountain.—Two low ridges lie within or
posterior to the crescentic curve ot this member of the main sheet near
Branford. The first is a long, narrow ridge, sympathetic in its curvatuare
with the line of the main sheet. The base of the sheet in this ridge is
slightly amygdaloidal; the middle, dense. Near its northern end,
where it is crossed by the road from Branford to Totoket village, the
overlying sandstones are found on the roadside in close contact with
the trap. The upper portion of the sheet is here very vesicular, but
not locally close grained at contact with the sandstone. Sand grains
and trap fragments are mixed in the contact layer, and sand grains
occur in open vesicles. Occasional waterworn fragments of trap are
found in the sandstone a foot or more above the contact.

Ledges of very coarse trap conglomerate, with bowlders oceasion-
ally 2 or 3 teet in diameter, occur to the eastward of the north end of
this trap sheet, and are believed to have been originally continuous
with the trap sheet. They now seem to be faulted away from it, but
this can not be clearly demonstrated.

The second posterior ridge of Saltonstall Mountain rises on the
northwest of Branford village, close along the boundary between the
Triassic and erystalline rocks, It will be later correlated with the first
posterior, of which it is believed to be a repetition by fanlting. Here
only its primary features will be discussed.

The base of the sheet is brecciated for 2 or 3 feet upward, the fissures
being filled with sandstone, as if the two kinds of rock had been con-
fusedly mixed. The-texture is generally dense, except near the upper
surface, where it becomes highly cellular. The overlying sandstone,
exposed on the south side of a small pond, contains numerous fragments
of vesicular trap, but the exposures are much weathered, and on the
whole are unsatisfactory. A trench was dug here, but no unweathered
rock was reached. The disturbed attitude of the trap in this ridge,
whereby a small portion of it, on the southwest side of a crossroad,
seenms to be overturned past the vertical, so that the under sandstones
appear to lie on the trap, will be referred to later. (See p. 127.)
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Posterior of Totoket Mountain.—The two portions of the posterior
within the curve of this mountain exhibit the usual vesicular upper
surface, and are everywhere accordant with the variable strike and dip
of the conglomeratic sandstones that frequently outerop near them. A
small trench was opened on the back of the northern ridge, half a mile
west of the south end of Quonnipaug Pond, revealing vesicular trap
overlain by red shaly sandstone, in which fragments of trap were
numerous.

Each of these curved posterior ridges is attended near its northern
end by isolated ledges of trap. It is uncertain whether these ledges
represent faulted fragments of the posterior or independent dikelike
intrusions. The absence of dikes elsewhere at so high a horizon in the
formation, the close proximity of the normal posterior sheet, and the
occurrence of certain irregular basal structures at the under surface of
one of these ledges (near a milldam southwest of Quonnipaug Pond),
similar to the basal structure of the eastern posterior sheet in the Pond
Mountain crescent, would all support the former view; but there is no
independent field evidence indicating the occurrence of the inferred
faults.

Posterior of Piscapaug Mountain.—The eastern member of the north-
ern posterior ridges of this mountain has been quarried alongside the
Durham road, exposing a loose-textured, vesicular trap, much decom-
posed and overlain by conglomerate. The contact was too much
weathered for critical observation. A mile south of Durham Center,
near the eastern boundary of the lowland, there are ledges of conglom-
erate containing trap fragments. These can not be certainly correlated
with any one of the trap sheets hereabouts, but they are plausibly asso-
ciated with the posterior ridges that approach on the southwest.

Posterior of Tremont Mountain.—The cut of the Air Line Railroad
through the posterior ridge near Middlefield discloses an irregular
vesicular structure at the base of the trap sheet, where it conformably
overlies red shale. The shales are confusedly mixed through the lower
part of the trap for from 3 to 15 feet from the base.

Posterior of Higby Mountain.—This is a continuation of the ridge
mentioned in the preceding paragraph, 4 miles farther north. It is
here crossed by a stream, and Rock Falls station of the Air Line Rail-
road is near by. Sandstone is found lying on vesicular trap at the south
side of a mill pond alongside the railroad. The uppermost vesicles in
the trap are often filled with clastic grains, connecting with the over-
lying sandstone by narrow necks. Grains and fragments of trap occur
plentifully for a foot or more npward in the sandstone above the con-
tact. A beautifully waterworn pebble of vesicular trap was found
embedded in the sandstone several feet above the contact. Drift
bowlders in the railroad cut near by show a mixture of trap and
sandstone.

Posterior of Chauncy Peak.—The southern end of this ridge is cut
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by the Meriden, Waterbury and Connecticut River Railroad, a quarter
of a mile east of Highland station. When still freshly opened the
rock showed a remarkable mixture of angular and vesicular trap frag-
ments in micaceous sandstone, the layers of the latter wrapping around
the former. All the phenomena already described regarding the oceur-
rence of clastic grains in open vesicles are here repeated. In some of
the vesicles the filling is incomplete, as in fig. 13, the upper part
being then occupied with calcite, and the line of division across the
vesicle running parallel to the monoclinal structure of the region. A
number of specimens were secured exhibiting this peculiar feature very
clearly. It was first noticed at this locality, and afterwards found to
characterize many others.

Berlin posterior of Cedar Mountain.'—The sharply curved hook of the
posterior ridge near Berlin village exhibits a considerable area of vesic-
ular structure on its back slope,
but no overlying sandstone can be
found. The underlying sandstone
is beautifully conformable to the
curve and dip of the trap ridge; it
was early perceived to be signifi-
cant of the relations between the
igneous and aqueous strata. Per-
cival makes distinet record of this
feature.”

South Glastonbury trap conglom-
erate.—A trap conglomerate is
found on a hillside near the crys-
talline border, east of South Glas-
F16. 13.—Trap vesicle containing clastic deposit, tonbury, on the east side of the

posterior of Chaunoy Peak; magnified 4 diame- (Connecticut River. It contains

e plentiful fragments of dense and
vesicular trap, along with pebbles and cobbles from the crystallines.
This is correlated with the horizon of the posterior trap sheet, from
which it is now separated by one of the chief faults of the valley low-
land (see p. 103).

Rocky Hill posterior of Cedar Mountain.—A railroad cut on the back
of the posterior ridge in the town of Rocky Hill, but near the village
of South Weathersfield, disclosed sandstone containing fragments of
vesicular trap similar to that overlying the anterior sheet at Tariffville
or the main sheet of Lamentation Mountain.

Hartford posterior of Cedar Mountain.—At the north end of this pos-
terior, on the grounds of Trinity College, Hartford, the vesicular upper
surface of the sheet is well exposed, with intermixed portions of sand-
stone. The under surface of the sheet, resting evenly on the sandstones,

! This part of the main sheet was called Newington Mountain by Percival.
2(Gieology of Connecticut, 1842, p. 358.
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is well exposed in an extensive quarry (P1. XI). It was after observa-
tion of this contact that the elder Silliman wrote the statement quoted
on page 16.

Posterior of Ragged Mountain, New Britain.—The overlapping ends
of two small trap ridges on the northeastern border of New Britain are
regarded as the slightly faulted portions of the single posterior sheet
belonging with the main sheet of Ragged Mountain.! A small stream
runs between them. The eastern ridge is quarried, exposing the base
of the sheet lying evenly on the sandstones. The trap is here generally
dense, but incloses local amygdaloidal areas. The upper surface, seen
at the eastern base of the western ridge, close to the stream, exhibits
the usunal vesicular structure of all these sheets, and is covered by a
mixture of trap fragments in sandstone of the ordinary kind, but much
weathered and not easily accessible,

Posterior ridge of Farmington Mountain.—East of Hartford Reservoir
No. 4, and about 3 miles north of New Britain, a posterior trap ridge is
crossed by a small stream. Here the upper surface of the vesicular
trap is exposed, with a cover of tuffaceous deposit, all much weathered.
No sandstone or shale was visible.

Posterior sheet at Farmington River Gap.—Close on the south of the
river, nearly a mile north of North Bloomfield, the overlying sandstone
approaches the vesicular trap within a few feet. An opening was made
here and the irregular contact disclosed, but it was so much weathered
that no good specimens could be secured. The sandstone appeared to
fill inequalities in the trap surface. About a mile south of this point
a road lies along a shallow trough on the crest of the low posterior
ridge, as if the trap sheet consisted of two thin flows, the upper sur-
face of the under flow by the roadside being vesicular, while the low
bluff face of the upper flow is dense.

SUMMARY FOR THE EASTERN RIDGES.

Certain features are found constantly to prevail in the trap sheets of
the eastern ridges wherever observation is permitted free opportunity;
other features are of inconstant occurrence. The trap of these ridges
is prevailingly more altered than that of the western ridges. The
sheets show no tendency to cut across the beds of the inclosing sedi-
mentary rocks, but are, on the contrary, surprisingly accordant with all
changes in dip and strike of the sandstones. The trap is more altered
here than in the western range. The upper surface of the sheets is
invariably vesicular; pipe-stem cavities are often noted near and nor-
mal to the upper surface. The bedding of the overlying sandstone is
minutely adjusted to the inequalities of the upper surface of the trap,
even occupying open vesicles; fragments of trap, generally vesicular
and more or less waterworn, occur in the sandstones just over the trap.
These are all features of constant occurrence.

1This main trap ridge ends in a strong bluff at its south end, called High Rock in Percival's report.
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The under surfacoe of the sheets is sometimes smoothly accordant
with the under sandstone; sometimes it exhibits a peculiar intermixture
of sandstone and trap, as if the two had been kneaded together. The
lower part of the sheet is generally dense, but sometimes moderately
vesicular. The trap is sometimes replaced by lava blocks and ashes,
either at the bottom or at the top of the sheet. In two cases a sheet
appears to be of composite structure, as if consisting of two flows, each
of which has a vesicular structure at the upper surface. The adjust-
ment of the overlying sandstone to the uneven trap surface and the
mixture of trap fragments in the sandstone are subject to innumerable
variations in quantity and quality. The overlying sandstone is some-
times indurated, but in no case does it give any indication of baking.
These are features of inconstant occurrence.

CONCLUSION AS TO ORIGIN OF TRAP SHEETS.

Recalling the method of investigation described above, the problem
of the trap sheets may now be reviewed in accordance with its require-
ments. If only the crystalline texture of the trap rocks were observed,
they would simply be regarded as of igneous origin, without specifica-
tion as to their relation to the adjoining rocks. When the linear
arrangement of the trap ridges was noticed, the trap being seen to
rise to greater height than the sandstone on either side, it was natural
to regard the trap as a dike rock. When observers in certain districts
noted the interbedded attitude of the sheets and the indurated con-
dition of the overlying sandstones these sheets were naturally inter-
preted as intrusions, and the same interpretation was applied to vari-
ous other sheets of similar form. On the other hand, when observers
in other districts discovered the mixture of trap fragments in the sand-
stone overlying the sheets, it was natural to regard the traps as over-
flows, and to extend this conclusion to the apparently similar sheets
in all parts of the valley. Every advance of this kind resulted from
new observations of significant facts. The fuller determinations now
possible have been reached in precisely the same way; hence it is at
present inadmissible to group all the sheets together as of one origin.
The sheets of the western ridges are indisputably unlike those of the
castern ridges. The group of intrusive sills is decisively separated
from the group of extrusive flows.

This decision does not rest on the permissive evidence of a few char
acteristies, oceasionally discovered, but on the compulsory evidence of
numerous characteristics, repeatedly observed, this being especially
true for the extrusive flows. In their case, particularly, the corre-
spondence of consequences deduced from theory with facts observed in
the field is so peculiar, so complicated, and so plentiful that the conclu-
sion as to their origin may be regarded as demonstrated with all the
certainty that should be attached to geological reasoning.

Not only do the two groups of sheets fall naturally into the classes of
sills and flows, but by the presence of the two classes in a single field
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each illuminates the other by the light of contrast. Thus it happens
that although the contacts and other critical structures have been seen
only on outerops of very small extent, the conclusions to which they
lead may be justly applied to the trap sheets over the whole extent of
the valley lowland. On later pages these conclusions will frequently be
utilized, the sheets of the western ridges being referred to as sills and
those of the eastern ridges as flows or lava beds.

CORRELATION OF DIKES, SILLS, AND FLOWS.

The understanding that has now been reached as to the manner of
origin of the various ledges and ridges of trap rock permits an impor-
tant advance in the historical account of the valley. To the description
of the processes of transportation and sedimentation already given,
there must now be added the picture of voleanic eruptions and lava
flows, with their usual accompaniment of underground intrusion. Just
as the small exposure of the Triassic foundation in Roaring Brook of
Southington must be expanded to represent a broad pre-Triassic land
surface, just as the local exposures of cross-bedded and ripple marked
strata must be carried over scores and scores of miles in reconstructing
their original extension, so the scanty outerops of the upper surface of
the lava beds must be magnified till they floor over the greater part of
the ancient depression; here smooth and ropy, there loose and elinkery ;
at one place a firm lava bed, at another largely made of loose ashes.
The c¢reeping advance of the flows from some unknown source or sources
should be deliberately pictured—a slow process that probably occupied
months or years for each sheet, yet rapid in comparison to the accumu-
lation of sediments; sometimes a quick advance, sometimes a tumult of
shattered ashes and lava blocks. Three distinet episodes of this charac-
ter interrupted the simpler processes of denudation, transportation, and
deposition, by which the greater part of the Triassic deposits were
formed. Near the middle of the period of deposition the placidity of the
region was disturbed by the spreading of a lava sheet—the anterior—
up and down the trough for some 45 miles inland from the coast, nearly
to the Massachusetts border of to-day. Its thicknessis generally about
250 feet. Its breadth can not be measured, because its western partis
worn away and its eastern part is buried. The vent from which it was
extruded can not be identified with any certainty, for at no place is a
dike or neck seen to connect distinctly with the flow. The nearest
approach to such connection is west of Reeds Gap, where the Kast
Wallingford dike and the anterior ridge of the Higby Range approach
within about a quarter of a mile of each other. The appearance of ash
beds and lava blocks in the southern and central parts of the anterior
imply explosive eruption at no great distance, but it would be gratui-
tous to assert on this aceount that the eruption took place at any defi-
nite place. It is, on the other hand, entirely within reason to picture
the growth of a voleanic cone of greater or less size at some point in
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the ancient trough, while the lava flow crept far and wide over its
smooth floor. The cone may be buried under the upper sandstones in
the eastern part of the trough, or lost by erosion in the uplifted western
part of the trough. If in the former, its position is entirely unknown.
If in the latter, it must have risen above some of the existing dikes,
and of these it should be remembered that those of Mount Carmel are
the largest of all that stand not remote from the ash beds of the
anterior sheet. It has, however, been suggested that the ash beds of
the anterior sheet were produced by local explosive action caused by
the advance of the hot lava through water sheets in the trough, and in
such case their distribution would have little or no relation to the site
of the lava vent.

After the extrusion of the anterior lava bed, voleanic action became
extinet, and placid conditions reigned again for a long time. Reptiles
once more stalked over the sand flats. Fish became very abundant
while the anterior black shales were accumulating 50 or 100 feet above
the lava bed. Any volcanic cone that may have been built at the time
of the lava flow must have been deeply dissected during the deposition
of several hundred or a thousand feet of sandstones and shales before
the greater outpouring of the main sheet took place. This was truly
a gigantic lava flow. Its thickness is frequently 400 or 500 feet. Curi-
ously enough, it gives no signs of explosive eruption in the way of ash
beds and lava blocks at any point in Connecticut, except in the most
insignificant way in the Meriden quarry. It spread much farther
northward than the anterior, now reaching certainly to Mount Holyoke,
and perhaps almost to the northern end of the sandstone trough in
Massachusetts. Its length was thus at least 70, and possibly 95, miles.
It approaches close to the eastern border of the sandstone at several
points, and as it holds a good measure of thickness in both its eastern
and western exposures, it must have originally had a decidedly greater
breadth than now. Hence its average breadth may be reasonably
estimated at 10 miles. Its area may therefore have been about 700
square miles and its volume 70 cubic miles.

So heavy a flow must have formed land surface for some time after
its eruption. But the depression of the region continued, and sedi-
ments were spread over the lava bed once more. Here we must imag-
ine those minor processes by which the loose lava clinkers were washed
about, their edges rounded, and their grains mixed with the sand and
slowly sifted into the open vesicles or into the crevices among the
clinkers, until at last all was sealed over, and again the more placid
processes of distribution and sedimentation of waste from the crystal-
lines went on undisturbed. It was during this quiet interval that the
posterior black shales, with their countless fish skeletons, were deposited.
Only once more did the volcanic forces break forth. Then the posterior
lava bed was spread out, in extent intermediate to the other two, as it
reaches from near the coast almost to Amherst, about 70 miles inland, in
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Massachusetts. Its thicknessiscommonly 100 or 150 feet. After it was
sealed over there is no indication of any revival of volcanic activity in
Connecticut, unless in the basic dike of Baileyville (p. 47). It is inter-
esting to note that trap-bearing conglomerates occur in apparent con-
tinuation of the posterior flow at three points near the eastern border
of the lowland—north of Branford in the Pond Mountain crescent,
south of Durham Center, and in South Glastonbury. This suggests
that the lava flow was spread out chiefly in the lower medial part of
the trough, and that its fragments,along with the waste from the border-
ing uplands, were washed into the marginal belts.

The southern division of the western ridges is 15 miles in length.
The northern division, more interrupted, measures about 17 miles to
the State boundary. Their observable volume is therefore much less
than that of the main flow.

DATE OF INTRUSION OF SILLS.

It is manifest that the date of the intrusion of the interbedded or
dikelike sills of the western ridges can not be immediately correlated
either with the date of deposition of any definite stratum of the sand-
stones and shales or with the date of eruption of any one of the lava
flows. They must have been driven into place after a considerable
thickness of sandstone had been accumulated above the low horizons
that they invaded, but there is no direct reason for supposing that their
intrusion did not take place until after the tilting of the sandstone into
its present monoclinal position, although this view has often been held.
Intrusions among horizontal strata are by no means unknown. The
eruption of the extrusive sheets is so closely associated with the depo-
sition of the sandstones that it is permissible to associate the intrusions
with a similar date. This is confirmed by finding that the intrusive
sheets have suffered dislocation of a kind very much like that which
has effected the extrusive sheets, as will appear in Part I (p. 133).

By anticipating the conclusion there reached, that the sills were in
all probability intruded horizontally before the tilting of the formation
into its monoclinal position, it will be perceived that it is not necessary
to refer the sills to a feeding dike on the east of their present outerops.
It is true that, in the case of East Rock, Dana has inferred a supply
from a steep fissure on the northeastern side of the rock, but the evi-
dence of this is gathered only from the steeper slope of this side near
its northern end, and not from unquestionable exposures of a supply
dike.! It is also true that in the Palisade trap sheet, so similar to
the West Rock ridge, Darton has found more definite evidence of
supply from a dike near the western base—this corresponding to the
eastern base in the Connecticut monoeline.* But if the observed struc-
tures generally prevailing in the West Rock ridge are drawn in true

1Am. Jour. Sci., 3d series, Vol. X LIT, 1891, pp. 94-85.
2 Bull. U. 8. Geol. Survey No. 67, 1890, p. 37.
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section, and in the attitude that obtained before tilting, it is manifest
that the argument for the ascent of the trap, roughly between the bed-
ding planes of the sandstones, has little or no force. The sills did not
ascend between the layers; they spread laterally from some unknown
source, wedging their way between the layers as they advanced, and thus
uplifting all the overlying mass. The present intrusiveridges need not
have any definite relation in direction or position to the fissures from
which they were supplied. The Mount Carmel dikes and stocks appear
to be the fissures that are most available as supply vents for the sills
of the West Rock ridge and its northern neighbors; but the possibility
of the supply coming from the dikes which now outerop in the crys-
talline upland oun the west can hardly be excluded by anything now
known.

The oblique passage of the West Rock sill across the sandstone
strata near its southern end has been described and illustrated, Such
a structure does not seem to be easily accounted for if the trap entered
from the east, for in that case the observed structures would require
the advancing lava to break its way downward into successively
deeper and deeper layers as it moved forward; but if it departed from
the guidance of a single bedding plane it would most probably break
upward, not downward. If, on the other hand, an intrusion from the
north is assumed, the gradual upturning of the hooked southern end of
West Rock is reasonably accounted for by the falling in of the roof
layers near the end of the uplifted covering mass, much in the manner
advocated by H. D. Rogers.! Pine and Mill rocks probably occupy
transverse fissures that were broken across the sandstones at the time
of the intrusion of the West Rock sill, and near its rapidly thinning
southern end. East Rock and its dependencies appear to be intrusions
at higher levels, but closely associated with the transverse dikes. The
oblique attitude of the northern members of the southern intrusive
range in Cheshire, where they apparently creep to higher’ and higher
horizons, repeats more deliberately the sudden upturning of the intru-
sives at the south end of West Rock.

HORIZONS TRAVERSED BY DIKES.

The dikes are peculiar in being limited to the crystallines and to the
under and lower division of the sandstones, with the exception of the
basic dike in Baileyville, which cuts the posterior shales, and which
by its position and composition proclaims itself to be the single mem-
ber of another family of intrusions, and with the further exception of
the very questionable dikes near the posterior ridges of the Totoket
crescent. Their not infrequent upper termination beneath a sandstone
cover has been mentioned. The dikes, like the sills, have suffered dis-
locations similar to those suffered by the flows (p. 132); hence, on all

TAm. Jour. Sci., 1st series, Vol. XLV, 1843, p. 833.
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accounts, it seems most probable that all the igneous rocks, dikes, sills,
and flows were introduced into the body of the sedimentaries during
the filling of the subsiding trough, or at least before tilting and faulting
had begun.

VULCANISM.

Without entering far into the great problem of vulcanism, there are
certain considerations bearing on it that result from our field study and
that deserve brief mention. There is an intimate association of trap
dikes and sheets with the time and place of Triassic deposition. The
association in place, not only in Connecticut and Massachusetts but in
the other Triassic areas of the Atlantic slope, has often been remarked,
but the association in time has been less generally recognized, chiefly
because many writers have not felt the force of the observations that
support the theory of the contemporaneous origin of the trap. That
the extrusive flows of the eastern ridges are contemporaneous does
not seem to me longer open to doubt. That the intrusive sills of the
western ridges are also essentially contemporaneous—that is, that they

4 “

F16. 14.—Relation of Triassic warping to vulcanism.

were intruded before the period of deposition was closed by the begin-
ning of deformation—will be argued to a very probable conclusion
later (see p. 134). There thus appears to be an intimate connection
between depression of the surface and eruption of the lavas from deep-
seated sources, and it therefore seems reasonable to regard the first as
causally related to the second. That such a relation is permissible
may be seen from the accompanying figure. If a region (shown in
vertical cross section in fig. 14) is warped from a profile ABCDE to
a profile FBGDH, there must be relative upward movement on either
side and downward movement in the middle, and this is probably
accompanied by a compensating lateral flow of the deep-seated yielding
parts of the earth’s structure away from the middle toward either side,
as indicated by the arrows M N. It is conceivable that a perfect com-
pensation might be thus effected, but it is also conceivable that the
compensation by deep-seated lateral flow might be imperfect, and that
the deficiency might be made up by vertical escape through frac-
tures, thus producing eruptions of lavas in the trough of depression.
Although voleanic action is often associated with elevation of the
18 ¢rEOL, PT 2—6
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region where it occurs, this association with depression also seems to
deserve consideration in the general discussion of vulcanism,

A corollary of the supposition that connects eruption with deforma-
tion is that the expansive force of steam and other vapors may be some-
times or generally dispensed with as an essential cause of the ascent
of the lavas. This corollary finds direct support in the great sills of
the western ridges, as well as in the huge laceoliths of the Rocky
Mountain region. These great intrusive masses have certainly been
driven upward or forward by some great force, but they present no
indication whatever that the expansion of gases has taken any part in
the labor of driving them to their present position. Taken along with
the plateau-like extrusions of Iceland, this tends to the conclusion that
deformation may very generally be the first cause of intrusions and
extrusions, and that the gaseous explosions by which many cinder
cones are built may often be hardly more than accidents of the surface,
as advocated by Prestwich.

ISOSTASY.,

The doctrine of isostasy has been held to account for such conditions
as prevailed during the period of Triassic deposition; for all through
that time the trough was slowly sinking, while it received an increasing
load of detritus from adjoining regions, and the latter were, by reason-
able inference, slowly rising as they were denuded. But in this case,
as in many others, it is hardly logical to say more than that the facts
permit but do not compel a belief in the doctrine. As in all examples
of supposed isostasy, an external initial cause is necessary to set the
processes of denudation and deposition at work. In our case, some
local down-bending must have preceded the beginning of deposition
and thus have served as its cause rather than as its effect. Similarly,
some other process must have put a stop to the continuance ot depres-
sion and deposition. How largely the isostatic forces alone acted
between the beginning and end of deposition, or how small a propor-
tion they may have borne to greater forces of other kinds, is to-day a
question for speculation rather than for argument. As the problem
stands in an undetermined position, little is gained by assuming defi-
nite values for any of the factors involved in it. It is notat present
advisable to go further than to conclude that for a long time deposition
about balanced depression, and that over the lands to the east and
west erosion may have roughly compensated for elevation.

RELATION OF DEPOSITION AND DEFORMATION.

It is important to clear the mind of a false idea that grows uncon-
sciously concerning the relation of deposition and deformation in such
a problem as this. From the diverse nature of the two processes, and
from the habit of considering them in separate chapters for conven-
ience of discussion, it comes to be natural to conceive of deposition

—
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ceasing of itself; and then to imagine, after a greater or less interval
of inaction, an independent beginning of deformation. The two proc-
esses are commonly considered separately, as if deposition had been at
work up to a certain hour of the geological clock, and deformation
began to work when a certain later hour struck, perhaps after a noon
interval of rest.

While this is conceivable, it does not seem at all probable. It is
more likely that deposition was, throughout, the creature of deforma-
tion. Deposition might go on as long as the warping of the region
depressed the trough area and elevated adjoining areas, but it was in
all probability stopped when the trongh was elevated, with more or less
disturbance, above sea level. This conclusion seems to be of general
application. Instead of saying, as is commonly the practice, that after
the Paleozoic strata of the Appalachians had been deposited they were
deformed in making the Alleghenies, it seems better to say that the
deposition of the Paleozoic strata continued until it was stopped by the
deformation which produced the Alleghenies. So, in Connecticut, it is
eminently probable that the down-bending or breaking of the Triassic
trough was only an early stage of the disturbance which tilted and
faulted the Triassic strata, and however large the type that stand at
the head of Part II to separate it, for the convenience of the reader,
from Part I, these visible sigus should be interpreted only as hyphens,
by which successive phases of the subject are blended, and not as bar-
riers by which they are held apart.



PART IL.—DEFORMATION.
CHANGES FROM ORIGINAL ATTITUDE.

The existing attitude of the Triassic formation in Connecticut differs
in three ways from the inferred original attitude. The formation as a
whole stands higher than when it was deposited, for much of it that
was aceumulated at a low level has now been worn away from abvoe
sea level. It has been upraised unevenly, more on the west than on
the east, for as a whole it dips eastward. It has been both warped
and faulted, for its different parts are more or less discordant with
one another. These three classes of movements will now be con-
sidered in reverse order. Evidence of the warping and faulting will
be found by immediate observation; the generally eastward dip will be
explained as a result of the peculiar mechanism by which the faulting
was produced; and the general upward movement of the whole region,
by which its present altitude was gained, will be deciphered in the third
part of this report, from a consideration of the process and progress of
denudation.

It is in connection with the faults by which the formation is repeat-
edly broken that we find the chief structural problem of the region, a
problem whose solution reaches further than at first might be antici-
pated, for it indicates the existence of dislocations in the underlying
and adjoining erystallines where they might not otherwise have been
expected. But associated with these strong and numerous dislocations
there are occasional warpings of the strata. Deformations of this class
are not called “folds,” because the dips are, as a rule, of moderate
amount, and still more because it is not desired to imply that lateral com-
pression, acting to produce folds after the manner ordinarily attributed
to such a force, has had anything to do with the disturbance of the region.

It is possible that the bending and breaking of the strata advanced,
in general, together; but, on the other hand, it might be inferred from
the nature of the processes that the bending probably began before the
breaking; and there are on the ground indications that some of the
warps were completed before the faults began. For example, in asso-
ciation with the posterior trap sheet in the hills southwest of Durham
Meadows there is a local flat-warped trough, whose ill-defined axis runs
somewhat west of north. It is crossed by the faull that separates
Paug and Durham mountains—the Paug Notch fault—and the two
parts into which the trough is thus broken are now out of line, as was
discovered by L. S. Griswold, the southern standing about half a mile
east of the northern. It seems hardly likely that the two parts of the

84
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trough could have been warped independently after the faulting; a flat
warping previous to the faulting is much more probable.

In connection with the other warped structures, the evidence as to
the relative date of bending and breaking is less definite. All that
can be said is that the various fault lines pursue their courses, as far
as traced, without systematic regard to the flat warpings, and hence
that the breaks were probably subsequent to the bends; but on this
point no positive conclusion is announced.

WARPS.

The most manifest warps are found along the southeastern border of
the formation, in the towns of Branford, North Branford, and Durham.
Here the two irregular crescents of Saltonstall and Totoket mountains,
and of the associated anterior and posterior trap ridges, with the inter-
vening conglomerates, sandstones, and shales, are all conformably
warped into half-boat-like basins. If the southeastern half of the boats
ever existed, it has been removed by the great marginal fault that here
bounds the formation. The strata, aqueous and igneous, in the north-
western half, dip not only from the side toward the keel, according to
the general monoclinal dip of the region, but also from bow and stern
toward the middle, appropriately to the peculiar structure here dis-
closed. Here, as so often elsewhere, the early interpretation of the trap
sheets as dikes or intrusions prevented the discovery of the real struc-
ture of the district. The curved edges of the warped and denuded
lava flows were taken to indicate the form of the fissures in which they
had risen through the crystalline basis of the Trias.! They wereintro-
duced as illustrations on a small scale of the supposed habit of erup-
tions to follow curved fissures, elsewhere thought to be manifested in a
larger way in the arrangement of mountain ranges and island trends.’
H. D. Rogers said of these curved ridges: ‘“The sandstone being dis-
rupted in a plane parallel to the dip, the beds on the upper side of the
sloping dike will be lifted off from those on which they reposed, and
in this tilting of the beds there will arise toward the extremity of the
fissure seams or transverse cracks extending in the direction of the
dip.”® Thisis quoted with acceptance by Hovey.* However applicable
this view may be to the hooked end of West Rock (p. 59), it can hardly
explain the curved edges of the extrusive flows.

On deciding that the three trap sheets here included are all con-
temporaneous lava beds, conformable with the sandstones, they must
be regarded as entirely passive, so far as their present attitude is con-
cerned. Their edges give no indication whatever of the form or posi-
tion of the fissure through which their material rose from its deep
source. Along with the earlier and later stratified deposits, below and

' Whelpley, Proc. Assoc. Am. Geol. Nat., 1845, p. 64.

2 Dana, Am. Jour. Sei., 2d series, Vol. 11, 1847, pp. 301-392.
3 Am. Jour. Sci., 1st series, Vol. XIV, 1843, p. 334.

4 Am. Jour. Sci., 3d series, Vol. XXX VIII, 1889, p. 381.
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above the lava beds, they were bent from an original horizontal atti-
tude into their present warped structure, the structural sympathy of the
diverse members of the series being a notable feature of the district.

Even the massive main trap flow, a seemingly inflexible sheet, curves
submissively around the ends of the crescents, appropriately changing
its dip and strike along with the sandstones and conglomerates below
and above. This is markedly the case in the greater erescent of Totoket
Mountain, where the short hooks at either end turn round so far that
their inner slopes look obliquely back toward the longer medial por-
tion of the ridge. Rather more than half of the boat structure is
manifested in this fine example. Inside of the northern hook the pos-
terior sheet and the conglomerates underlying it are strongly warped,
their strike being even a little south of east, with steep southward
dip. It was undoubtedly the steep inclination of this part of the
posterior where it descends to the roadside by Lake Quonnipaug that
gave Percival the idea that it was a dike.'

The separation of the two crescents of Totoket and Saltonstall
mountains results from the greater denudation of the uplifted part of
the once continuous main sheet that arched over the space between
them. The posterior ridges within the crescents are separated by a
greater distance because their once continuous sheet was originally
arched up to a greater height, and is now worn down to a greater
depth; but in both cases there is every indication that the lava flows
once stretched over the space where they are now absent, just as they
still stretch under the floor of the crescents where they are now buried.
It is to be noted that the manner of study ordinarily applied to
deformed and denuded aqueous beds is here held to be perfectly appli-
cable to these deformed and denuded igneous beds.

The structure at the points of separation of the main or posterior
crescents would warrant the use of such a descriptive phrase as
“transverse anticline, with an east-plunging axis,” but as this might
give implication of a force of compression acting along the axis of the
crescents it will not be here employed. The greater uplift at the point
of separation is preferably ascribed to irregular warping, with which
term no definite quality of deforming processes is associated, and for
which at present no special explanation can be assured.

North of Totoket two other ¢rescentic structures may be recognized,
but of increasing dimensions and greatly complicated by faults. The
first may be called the Middletown crescent. It is best indicated by
the course of the posterior ridge, which turns distinetly eastward at
either end of its curve. The second crescent begins with the Hanging
Hills at Meriden and ends with the Mount Holyoke Range in Massa-
chusetts. This may be called the Springfield crescent. Just as in the
other example, but to a less degree, the strike and dip of the aqueous
as well as of the igneous beds turn from their ordinary directions at

1 Geology of Connecticut, 1842, p. 340.
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either end of these large crescents, so as to accord somewhat with the
pattern so well exhibited in Totoket crescent; but the dislocations by
faulting are here so great that the warped pattern is not at first
recognizable.

One of the most peculiar warped structures in the whole valley is
that by which the main sheet is brought up in Cedar Mountain, south-
west of Hartford, and by which the overlying posterior ridge is so
notably deflected eastward out of its ordinary course. This upheaval
might in one sense be regarded as comparable with that between the
Pond and Totoket crescents, inasmuch as it terminates the Middletown
crescent on the north, but it is irregular in being quite unrelated to the
great Springfield erescent. Itis remarkable in not being continued
westward. On account of the numerous faults in this district, by which
the three trap flows are so irregularly repeated, the structure hereabouts
was not deciphered till nearly all the problems of the valley were solved.
Then the ingenious suggestion of Prof. W. N. Rice, that Cedar Moun-
tain must be a repetition of the main sheet locally uplifted, was hap-
pily confirmed by the discovery of the posterior black shales north of
Rocky Hill village in appropriate position with respect to the underly-
ing and overlying lava flows, and containing appropriate fossils (see
p- 139). At no other point in the valley is there a more beautiful con-
centration of various lines of evidence upon an unexpected conclusion.

If the outerops of sandstones and shales were more plentiful they
would furnish sufficient evidence of warping, independent of the inter-
pretation of the trap sheets as flows or sills; and wherever the sedi-
mentary strata appear they confirm the inferences derived from the
more persistent outcrops of the anterior, main, and posterior flows; but
without the latter it would be very difficult to discover the structures
that have just been explained.

FAULTS.

An observer who should traverse the Connecticut Valley from west
to east would soon notice the prevailing eastward dip of the strata,
and would therefore naturally assume that he could, in advancing east-
ward, pass over their natural succession, from the lowest at the western
margin of the valley to the highest—or at least to the highest of those
still remaining—at the eastern side of the valley; and by a simple cal-
culation he might then obtain the total thickness of the formation.
This supposition was the first one entertained by early observers. It
is expressed in their descriptions and diagrams; for example, those
prepared by Smith in 1832 and by Hitcheock in 1833 ; the latter probably
having given foundation for the more explicit diagram in Le Conte’s
Elements of Geology,' which entails an enormous denudation along the
western side of the formation, and an even more extravagant wasting
of the erystallines adjoining.

! First edition, 1878, p. 440.
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The vast dimensions of the series thus measured gave rise to the sus-
picion that its thickness might be only apparent, and that longitudinal
faults most probably occur, whereby a moderate series of strata, several
times repeated, would suflice to cover the valley floor. The sudden
termination of the monocline against the crystallines on the eastern
side of the valley might also reasonably have suggested faulting; but
little attention seems to have been given to this aspect of the problem.
It is here discussed on page 122, under the heading ** Marginal faults.”
The faults that traverse the Triassic lowland will be first considered.

Before 1880 no specific location or measurement of any faults was
accomplished. Since then many fault lines have been well identified
and their throws measured in Massachusetts ' as well as in Connecticut.
This has been done in the manner customary among stratigraphic
geologists. The location of the fault planes was not defined by direct
observation, but by determining points at which certain members in the
normal sequence of stratification began to be repeated.

In my own work the first suggestion of faulting came in the neighbor-
hood of Meriden. It was therenoticed that a series of beds, consisting
of conglomeratic sandstones at the base, an amygdaloidal trap sheet of
moderate thickness, a series of sandy shales with an impure limestone
among their lower members, a heavy sheet of trap several hundred feet
in thickness, more sandy shales, another thin sheet of trap, and then
an indefinite thickness of shales and sandstones, was repeated several
times in passing from west to east over the Hanging Hills, Lamentation
Mountain, and Higby Mountain. Faults were naturally suspected in
the valleys between these ridges, but they were not at first demon-
strated and located. As now stated, it seems surprising that so ordi-
nary a supposition should not have been made at an earlier date. The
delay in its announcement is explained better by the prevalence at that
time of the belief in the intrusive origin of all the trap sheets in the
Meriden district than by the failure to recognize the repetition of the
sedimentary series.

It is truly curious that the clear announcement in Percival’s report
of the constant relation of the three trap ridges, anterior, main, and
posterior, always associated in this order wherever they occurred,
should not long ago have snggested that their repetition was due to
faulting; but it must be remembered that they were generally looked
upon as intrusions, or even as dikes, and that methods of study that
might be applicable to normal aqueous strata in the Appalachians of
Pennsylvania, for example, were not considered appropriate in a region
where the stronger ridges were formed of igneous rocks. It was,
indeed, distinctly against the custom of the time to apply ordinary
stratigraphic methods to the study of structures in which igneous
rocks were so prominent; but it gradually came to be perceived that

1See B. K. Emerson, Am. Jour. Sci., 3d series, Vol. XXIV, 1882, p. 195, and Bull. Geol. Soc. America,
Vol. 11,1891, p. 455.
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such methods were entirely justifiable whenever the igneous rocks
were contemporaneous lava beds, and it is no exaggeration to say that
upon the recognition and introduction of this simple principle the inter-
pretation of the structures of the region has turned. It was manifestly
necessary to determine, in the first place, the character of the trap
sheets—mnot their composition and their place in the classification of
igneous rocks, but their structural relations and their place in the Tri-
assic formation; hence the careful search along the numerous trap
ridges to discover the significant upper contacts, as already detailed
in previous pages. The direct and accordant testimony of the vesicular
upper surfaces, of waterworn trap fragments in the overlying sand-
stone, of infiltrated sands and muds in the loose texture of the trap
surface, led so inevitably to the conclusion that the sheets of the east-
ern ridges were extrusive, and the conclusion was so strongly fortified
by the contrasted testimony of the dense upper surfaces of the sheets
of the western ridges, that belief was demanded rather than allowed.
The use of the trap ridges as locating the more resistant members of a
great series of bedded rocks thus came to be regarded as entirely legit-
imate; and the success with which this method of study has led to
the explanation of many more facts than it was first expected to explain
justifies it in the fullest manner.

Although the trap ridges here referred to overlap for moderate dis-
tances in a very systematic manner, as was clearly stated by Percival,
it was not at first perceived that this might be due to their truncation by
oblique faults. This significant discovery was not made until it was
noted that the anterior ridge southwest of Shuttle Meadow, near New
Britain, was dislocated and its two parts overlapped to a small extent by
faulting. It was then undertaken to locate and trace out the fault line
between the Hanging Hills and Lamentation Mountain. The system-
atic oblique truncation of one member of the series after the other,
aqueous as well as igneous, was thus first clearly perceived, and the
essential clew to the structure of the valley was discovered. In looking
back to these successive steps of interpretation, the advance through
them seems remarkably slow. It is now possible to lead a party of
observers to the more significant localities in a day’s excursion, and
then, from some eminence, such as Chauncy Peak, to expose clearly
in half an hour what has required the intermittent search of a number
of years gradually to bring forward from the unknown.

GEOMETRICAL RELATIONS OF FAULTS.

The demonstration of the existence of faults involves essentially the
same method of investigation as that already detailed in the case of the
trap sheets. The repeated occurrence of a certain succession of bedded
sandstones and lavas was perceived, and two alternative explanations
were presented : that these repetitions represent actual imitative repe-
titions in deposition, or that they are outcrops of a single sequence of
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deposition, now repeated by faulting. The first supposition becomes
untenable when the number of repeated sequences is found to be much
larger than three, as at first observed, and when a peculiar and highly
specialized arrangement of outerops is found to accompany the areas
of repeated sequences. The second supposition is forced upon belief
when it is discovered that
all of its appropriate con-
sequences are to be found
in the field, and that the
geometrical deduction of
these consequences indoors
often enables the observer
to anticipate observation
outdoors. In order to ap-
preciate this it is important
that the geometry of the
structural problem here in-
volved should be clearly set
forth, for only then will the
consequences that neces-
sarily follow hypothetical
faulting stand out, ready to
be confronted by the facts
of observation.

The dip of the monocline
being eastward, let the fanlt
line be at first assumed to
be north and south, parallel
to the strike of the strata,
the hade vertical, and the
heave or upthrow toward
the dip. The effect of this
kind of displacement will
be, after deep erosion, to
repeat a certain sequence
of strata, their number de-
pending on the heave and
the dip, and their visibility
depending on their hard-
ness, as in fig. 15, 4 and B.
Corresponding members in the two sequences will be set apart or offset
by a distance that equals a simple function of the heave and the dip.

Now let the fault line have any oblique position. If heave and dip
remain unchanged, the offset is also unchanged; but, instead of an
indefinite continuation of each sequence along the strike, the sncces-
sive members are now systematically cut off, the ends of corresponding
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F16.15.— A, plan of strike fault, heaved on east; B, section
of fault, heaved on east.
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If an observer cross the fault line in any of these latter cases, some
strata will be missing, instead of repeated as in the previous examples;
the missing breadth being a measure of the loss. Curvature of the
fault line will leave offset or loss unchanged, but will alter overlap or
lapse; variation of heave
will alter both the offset
and the overlap, or loss
and lapse.

In case a vertical dike

occurred in the mono-
cline, its outerop after
peneplanation would
not be displaced by a
vertical fault on a verti-
cal fault plane. If the
line of fault movement
made a small angle with
the plane of the dike, the
outcrop of the dike
would be slightly dis-
placed, but much less
than the outerops of the
inclined members of the
monocline.
PRET S If the faults should
prove to be numerous,
and sympathetically ar-
ranged in parallel or sub-
parallel courses, they
would divide the forma-
tion into a number of
“blocks™ of greater or
less breadth, and the
true sequence of the
aqueous and igneous
strata would be found
only so long as the ob-
server kept within the
limits of a single block. This is manifestly a principle of great impor-
tance, not only in the interpretation but also in the exploration of the
region.

Besides these consequences, in the way of purely geometrical arrange-
ment, as seen in horizontal plan, there are others of importance that
affect the shape of the ridges formed by resistant strata. In fig. 16
(p- 91), for example, the northern end of the ridge on the heaved side
of the fuult will slowly decrease in height as its determining stratum is

m——

Fi16.18.—4, plan of strike fault, heaved on west; B,section of
fault, heaved on west.
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obliquely truncated, and it will finally dwindle away in an inconspicuous

trail of fading ledges; but
the southern end of the
ridge on the thrown side
of the fault will terminate
abruptly in a bold bluff,
the result of weathering on
. the acute point of its de-
termining stratum. This
control exerted by faults on
formis more fully discussed
on page 169.

Certain special struc-
tural features may also be
expected along the line of
the fault. The adjacent
strata may be more or less
- dragged, bent, and broken
by the movement. The
fault may vary from an
almost smooth joint plane
to a broad, irregular frac-

ture, filled with breccia,
more or less cemented.

F16. 19.—Plan of NE.-SW. fault, heaved on west.

Subordinate branching of lateral fractures may be associated with a
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F16. 20.—Plan of N'W.-SE, fault, heaved on west.

master fault. The fault
faces may be more or
less striated or polished.
The attack of erosion
upon a belt of fault
breccia may often re-
duce it to a noteh or
valley, this being par-
ticularly important
where a fault of small
throw crosses a trap
ridge.

In a region of numer-
ous outerops or of read-
ily identifiable strata
there would be no need
of'so deliberate an exam-
ination of an elementary
structural problem of
this kind; but when the
surface of the country
is largely covered by
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drift, when the sedimentary strata are identifiable only in a most gen-
eral way, and when the identification of the trap sheets depends on
so unessential a feature as thickness, it is proper that close serutiny
should be given to all aspects of the problem in order to insure jts
correct solution.

After the valley has been explored, or a geological map of the region
inspected, there can be no hesitation in deciding that the hypothesis
of frequent repetition by faulting is vastly superior to the hypothesis
of the independent production of imitative sequences. Under the
latter view even the repetitions of the sedimentary strata would be
extraordinarily improbable, and when the igneous rocks are added
repetition by imitation becomes simply incredible. It is here immaterial
whether the trap sheets of the eastern ridges are intrusive or extrusiye,
In either case they form systematic members in sequences of aquecus
and igneous strata, and it is inconceivable that so many systematic
arrangements could have been gained independently in the various
series, either by sills or by flows. All the apparently independent
sequences must really be dissevered portions of an originally single -
structure. Rational explanation must give place to the most gratuitous
assumptions if any other view is maintained.

TEST OF HYPOTHESIS OF FAULTING.

Abandoning the supposition of imitative sequences, we may test the
hypothesis of repetition by faulting by its ability to explain all the
structures of the valley—except the warps already described—on the
postulate that the entire formation consists of the members already
stated, namely, a mass of lower conglomeratic sandstones, with sills
or dikelike intrusions near the base in the northern and southern
areas; then the anterior trap sheet and shale; the main trap sheet;
and the posterior shales and trap sheet; followed by a great overlying
series of shales and sandstones. The sedimentary members of this
series are so open to variation, especially on approaching the eastern
border of the formation, that reliance can be placed upon them as
guides to faulting only over short distances. The only proved excep-
tions to this statement are the anterior limestone and the anterior and
posterior black shales, with their assemblage of fossil fishes, to which
special reference will be made below (p. 137). It is chiefly to the three
lava beds of the eastern ridges that we must look as guides to the struc-
ture of the region. They are singularly constant over the whole area
studied, the anterior sheet alone thinning out and disappearing near
the northern boundary of the State. They now stand up above the
generally weak sandstones and shales, and above the widespread drift
cover, except for drumlins that sometimes bury the anterior and pos-
terior ridges. The trap ridges thus form conspicuous guides to the
position of certain horizons standing about midway between the bottom
and top of the whole formation. The notches, offsets, and overlaps of
the ridges are so many proclamations of breaks and faults.
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Although this would be measurably true even if the eastern ridges
were determined by a group of three intrusive sills, it becomes neces-
sarily true if they are formed on extrusive flows. It was when this
prineiple was perceived that a special effort was made to establish the
true nature of the trap sheets beyond all question. In the belief that
this has been done, and that the extrusive nature of the sheets in the
eastern ridges is thoroughly demonstmted, they have been used in
deciphering the stratigraphy of the region as confidently as the Medina
and Pocono sandstones have been used in untangling the stratigraphy
of middle Pennsylvania.

In the following detailed record of observations the most convenient
method of testing the theory of faulting will be to accept its truth for
the time and to employ its language, finally reviewing (he whole aceu-
mulation of facts to determine the nature of the proof that they afford.
In the account oi the faults that have been thus identified, and of the
numerous blocks into which they divide the formation, mention can be
made only of the chief occurrences. Each block will be named after
the ridge formed on its portion of the main trap sheet; but, unfortu-
nately, it has been necessary in several cases to invent names for these
ridges in default of names locally applied to them. The breadth of the
blocks and the throw of the bounding faults are measured in the belt
of the eastern ridges, unless otherwise stated. The strata recognized
in each block are briefly described, and the fault limiting it on the north
or west is traced. Particular attention is called to the Lamentation -
block, which exhibits the structural features produced by faulting more
distinetly and over a larger area than any other. The minor faults, that
;ause notehes in the main sheet and slight offsets in the anterior and pos-
terior ridges, are located as well as possible on the map of the region, but
are not in all cases described in the text. They are of doubttul location
in the New Britain region. The marginal faults, continuous along the
eastern and intermittent along the western boundary of the formation,
will be specially described on pages 122-131. Frequent reference to
the map, P1. XIX (in pocket at end of volume), will be necessary in
following the statements of the text.

TABLE OF FAULTED BLOCKS.

The ﬁ)llowin{{ tabular stutement,’based on profiles constructed by
Mr. Griswold, may serve as an index to the detailed description of the
faulted blocks in the succeeding sections. It begins at the south.
Many of the measures are only rough average values of indefinite or
variable dimensions. A minus sign before the throw indicates uplift
on the north or west. The fault values are measured on the line of the
main ridge unless otherwise stated.
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Faulted blocks described in succeeding sections.

Length, | | Throw of
Block. main sheet | Breadth of block. | north bound-
bluff. | ing fauls.
Miles. Miles. | Feet.
Totoket :! : 1 1‘
Saltonstall crescent.uxm ........ 5 ‘l iy [ —2, 500
Totoket crescent axis. ...... .... 73 l‘ j i
Ban gt Eon b R e L 3| 8 | + 500
4 LS 1 (00 1% ht t-  CR I e 2% | D1 (e St & 8
Highy - ciesodasns somcmasoncitndaams 6 43 -+1, 300
Lamentation® .occ-uiinaeannmes samn ) 3+ At West. Upland, 14 +2, 000
| At Lamentation, 2 +3, 000
‘ At East. Upland, 2% |............
Calie® s retianagheatil oo Sl O : <1 SR e R e +4, 000
Hanging Hillgoott o8 oo oo (oo oot | 38, N—S, VL3 R e
The subdivisions are—
QUBITY o 5= ms e = s e m 5 5+ ealm e Lo i 48 o s ; 2 Sl e P
Catcholes o - annsas Lo inh e cees e s ] % | + 300
T e Vb N s Mg ’ ¥l + 300
WeestiPeak rorse B ot Ser Brnlhs (it o e | 14 4 700
Short oo s s e ¥ 3| — 200
Rngraret Lo e L 14 L FS R R
Harmington .- oo Sonore st oo o] 6-7 E 3 —1, 500
Bragloy -l 4ot S | 1% j]The throw here given decreases
; { |} rapidly to the northeast and
Farmington ... .- ceev e e ‘ 5 || north.
Bast Talcobbiab ot S Ble Lr ol 2l sns 6 ; k3 1 —+1, 200
‘WeatBaleott. .o oot ool san oo G .5 (e
SImsbury e e SR 43 2-2} ! 170
CTan DY i vy o T S L 3 13 | 250
61 S Lo

Suffleld & S s i

1The bounding fault on the southeast of this block is the marginal fault of the valley lowland ; its
throw here is 6,000 or 7,000 feet, or more.
2The Chauncy Peak fragment of this block is three-fourths mile wide; its fault is -+ 400 feet.
3This anticlinal uplift is 6 miles wide at its western faulted end, as measured along the outcrop of
the main sheet, or 11} miles, as measured between the ends of its posterior ridges. At its eastern
* end the main sheet is not seen; the posterior ridges are 13 miles apart. Its greatestthrow at the west
end is -+ 400 feet. -

DESCRIPTIONS OF FAULTED BLOCKS.

Totoket block.—A large block of the formation, including the crescen-
tic ridges of Saltonstall and Totoket mountains, is cut off by an oblique
fault trending northeast from Northford to the crystalline boundary in
Durham, and thus is divided from the adjoining narrow Paug block.

‘When the southwest parts of the main trap sheet in Totoket Moun-
tain and its anterior ridge are compared with the corresponding mem-
bers in the Paug block, it is seen that the latter recede eastward from
the strike of the former, and that there is a lapse of about 2 miles
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between the anterior ridges in the two blocks. The uplift of the fault
must therefore in this case be on the northwest, with a movement of
about 2,500 feet in the vicinity of Northford. But the somewhat irregu-
lar warping of the members of the Totoket crescent carries the northern
part of the main sheet east of the fault line, and brings up the anterior
sheet north of the crescent, where it forms an ash ridge and a consider-
able area of irregular trap hills in the northeast corner of the block.
A local increase of dip to over 30° is found in some sandstone outerops
near Northford, as if produced by the drag of the fault.

The southwest prolongation of the fault line carries it to the neigh-
borhood of East Rock, New Haven. Here the notches between Bast
Rock, Indian Head, and Snake Rock, and the apparently offset arrange-
ment of these ridges, are strongly suggestive of faulting rather than of
accidental erosion or of irregular intrusion (see p. 133). Itis therefore
provisionally suggested that the Totoket-Paug fault line may pass near
these smaller fractures. The absence of identifiable sequences of strata
in the intermediate districts and the great extent of drift and marsh
make it seem hopeless to settle this question definitely. A fault was
traversed by the new tunnel of the Shore Line Railroad in Fairhaven;
the sandstones were much broken and slickensided, and the tunnel,
therefore, had to be lined with heavy brickwork.!

If the above-suggested course for the limiting fault be accepted, the
Totoket block, including both the crescentic ridges, possesses repre-
sentatives of a great part of the Triassic series: the lower conglomer-
atic sandstones, frequently cut by dikes easf of FFairhaven; the anterior
lava bed, scoriaceous and ashy for much of its length and thickness;
the anterior sandstones and shales, with an impure limestone near their
base and highly fossiliferous black shales at a little higher horizon both
northwest and northeast of the northern hook of Totoket; the heavy
main lava bed expressing in its two crescentic ridges the curious
warped attitude into which all the members of the series have been
thrown; the posterior sandstones and shales, often containing coarse
conglomerates and twice exposing the belt of posterior black shales con-
taining fossils; the posterior lava beds; and a moderate thickness of the
upper sandstones, often conglomeratic. It is noticeable that in this
block the anterior lava bed and its associated sedimentaries reach the
eastern boundary of the formation, this exceptional arrangement being
due to the equally exceptional warping which characterizes the block.
Not before reaching the northern end of the great Springfield crescent,
near Amherst, Massachusetts, is this arrangement repeated.

Several small faults have been noted in the Totoket and Saltonstall
Mountain areas. One of these produces a displacement of a few feet
in the under surface of the main sheet on the northern hook of Totoket
Mountain, and erosion has here made a small notch in the face of the
bluff. Accordant displacements in the main and posterior sheets east

1E. 0. Hovey, Am. Jour. Sci., 4th series, Vol. I1L, 1897, p. 289.
18 GEoL, PT 2 T
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of the Branford-Totoket road in the northeast part of the Saltonstall
Mountain crescent are referred to a fault of 50 or more feet throw,
trending north-northeast. Several notches in the southern part of
Saltonstall Mountain are aseribed to erosion along fault lines, the
northernmost of these being used by the Shore Line Railroad and the
next one by the highway from New Haven to Branford. Although the
fault lines are not known to be parallel, the heave in these several small
faults is on the east or southeast, and the advancing order of offset and
overlap thus produced contributes to the curvature of the south end of
the Saltonstall Mountain erescent. The underlying sandstone is seen
to be dislocated with the trap, and weathered breceias are seen in some
of the notches. It should be stated that Hovey ascribes the irregular
form of Pond Mountain hereabouts, with its notches and the breccias
in the notches, to “irregularities in the original fissure rather than to
faulting after the trap was in place;” " but the explanation by fanlting
is the only one admissible if the extrusive origin of the main sheet is
accepted ; and it is confirmed by the occurrence of breccia in some
of the notches. It is believed that the frequent dislocations in this
locality have so greatly weakened the anterior sheet as to allow it to be
worn down and covered by drift. It is not to be found in East Haven
south of the railroad, where the ridge ends in a distinet bluft.

Piscapaug block.—The main lava bed in this narrow block forms
Piscapaug (commonly abbreviated to Paug) Mountain, of irregular out-
Jine, accompanied on southwest and northeast by the anterior and pos-
terior lava beds, the latter being irregularly warped and broken, The
structure here is much more uncertain than the definite coloring of
the map would indicate. The posterior fossiliferous shales are found
between the main and posterior lava beds. The southwestern exten-
sion of the block can not be defined. Where the north-bounding fault
cuts the posterior lava bed it is broken into several knobs, as if the
fault were separated into several lines of fracture.

Tremont block.—The deep oblique noteh holding Piscapaug Pond
separates Tremont Mountain from Piscapaug Mountain, the former fol-
lowing the latter in advancing order with distinet overlap. On the
north, Reeds Gap, utilized by the Air Line Railroad, separates Tremont
Mountain from Higby Mountain. Here the offset is again in advancing
order, but the overlap is hardly apparent, and a nearly square cross-
fault would therefore be inferred. This inference is confirmed by the
position of the notches in the anterior and posterior ridges. Beyond
these points it has not been possible to trace the north-bounding fault
line of this block. There would appear to belong in this block, how-
ever, the lower sandstones and conglomerates, with many dikes from
Clintonville to East Wallingford; the anterior, main, and posterior
lava beds, with accompanying sandstones and shales; and a consider-
able thickness of upper sandstone, containing some fossiliferous shales

1 Am. Jour. Sci., 3d series, Vol. XXX VIII, 1889, p. 378.
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northeast of Round Hill and becoming conglomeratic near the erystal-
line border. North and northeast of Durham a broad, flat, anticlinal
dome replaces the usual monocline; its northwestern dips may be
associated with the north-bounding fault of this block.

The anterior ridge disappears beneath the drift before the southern
side of the Dblock is reached, but it can not be said that the anterior
lava bed is there wanting. A mile west of Piscapaug Pond the anterior
limestone was quarried early in the century, according to Percival.!
A subanterior conglomerate begins to be conspicuous in this block,
and may be thence traced more or less continuously to the Lamentation
block, north of Meriden. It is of interest as occurring close along the
medial axis of the Valley Lowland, and presumably removed by at
least from 6 to 10 miles from the shore line of its time. When this is con-
sidered in connection with the fine black anterior shales that approach
so close to the crystalline border at the north end of the Totoket cres-
cent, it becomes manifest that however potent the distance from shore
line may have been in determining texture of deposits, other potent
controls also had a share in deciding the character of materials that
were strewn over the floor of the ancient estuary.

A fault of slight throw is thought to divide this block into nearly
equal parts. It is peeuliar in producing a slight recession of the main
sheet and advance of the posterior, as if the fault movement changed
from heave to throw in a distance of about 2 miles. It is further note-
worthy that the space between the main and posterior ridge widens
southward on the southern side of this block, this being fairly explained
as the result of a local southward decrease of dip observed in the belt
occupied by the posterior shales and sandstones. Several small faults
are indicated by ravines that cut the back of the main ridge, descend-
ing obliquely to the northeast instead of directly eastward, as they
would if guided by the slope of the sheet alone.

Higby block.—This large block is ill defined on the south, except by
the three notches in the anterior, main, and posterior ridges at Reeds
Gap, already mentioned; but on the north its bounding fault is thought
to be traceable intermittently for 35 miles, passing all across the valley
lowland on a strongly oblique course and extending into the erystal-
lines in the northeast and southwest, as will be described in a later
section (p. 102). It thus includes a full section of the entire formation.

Beginning on the southwest, the long-continued West Rock ridge is
taken as belonging with the slightly broken Higby Mountain. Between
the two are the lower sandstones, with the massive stocks and dikes
of Mount Carmel and the many smaller dikes west of Wallingford.
Somewhat below the middle of this great series of strata there appear
to be some layers that are a little more resistant than the others, thus
determining the flat-topped sandstone ridge known as Quinnipiac
Ridge, that separates the valleys of Mill and Quinnipiac rivers. The

1 Geology of Connecticut, 1842, p. 363.
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ridge may be traced from the northern side of the block, about 11 miles
northwest of Wallingford Center, along a south-by-west course, narrow-
ing as it goes, but with little interruption, to New IHaven. It does not
seem to be displaced by the fault from Reeds Gap; hence there is no
need of separating the Tremont and Higby blocks in this part of the
formation.

The great breadth of country covered by the lower sandstones of
the Higby block is less abnormal than it appears at first sight; for, in
the first place, the dips over most of the area are gentle, commonly
about 15°; and, in the second place, the strike of the lower strata is
more oblique to the sides of the block than is the case with the middle
division of the formation, the former being somewhat warped with
respect to the latter. A not immoderate thickness of lower sandstones
is thus deployed over a large area of the lowland. Then come the
three lava beds, with the anterior and posterior sandstones and shales,
the fossiliferous beds being very appropriately found in the anterior
and posterior valleys, close to the north side of the fault. A great
thickness of upper sandstone follows, with conglomerates near the
eastern boundary. The peculiar trap conglomerate of South Glaston-
bury, presumably equivalent with the posterior lava bed of the Cedar
Mountain-Rocky Hill warp, belongs in the Higby block.

Three small faults are indicated by notches in the anterior ridge of
Higby Mountain, a well-defined advancing offset and overlap occurring
with the northernmost. Only the middle one of these faults can be
traced over the main ridge, through Black Pond Gap, where a disloca-
tion is clearly indicated by the strong bluff of trap on the northwest
side of the gap road, trending obliquely northeast. If the line thus
defined is projected about 3 miles farther it leads to a well-marked
oblique valley through the posterior ridge. The throw of the fault
must be small, as it nowhere produces a distinct oftfset. An indenta-
tion in the northern end of Higby Mountain, opposite Highland sta-
tion, is probably due to a fault, as otherwise no reasonable cause could
be suggested for its erosion. The gradual dying out of the main ridge,
as the fault cuts obliquely across it, is an excellent example of the con-
trol that the unseen displacement has on the termination of the ridges
formed on the massive lava bed of the main sheet. The greater breadth
of the posterior shales and lava beds north of Middlefield 1s due to a
decrease of eastward dip.

Lamentation block.—This well-defined block with its submember, the
Chauney block, is in many respects the most remarkable example of
faulted structure in the valley. The north-bounding fault, by which it
is strongly separated from the Hanging Hills block, is traceable for 40
miles, even a greater distance than the south-bounding fault, already
mentioned with the Higby block. The strongly oblique course of the
fault lines and the strong movement upon them has produced striking
offsets and overlaps, as well as numerous local variations of dip, and
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‘“dikes” or belts of breccia. The offset on the northwest brings the
lower sandstones of the Lamentation block against the posterior and
upper shales and sandstones of the Hanging Hills block, and thus
determines an open belt of low ground a mile wide between the trap
ridges on the east and west. Along the pass thus defined the chief
railroad of the valley finds easy passage from the great lowland area
of lower sandstones between Meriden and New Haven to the great
lowland area of upper sandstones between Hartford and Springfield;
and long ago this passage was pointed out by Percival as “determined
by the geological arrangement of the country.”! .

The members of the Triassic formation represented in this block are
the lower sandstones, with the intrusive sheet of Bethany Mountain
and the crossed dikes of southern Cheshire, the sandstones being dis-
tincetly conglomeratic in their basal layers near the crystallines and in
the upper layers near the anterior trap ridge; the three lava beds and
their intervening shales and sandstones: a considerable area of upper
sandstones and shales,complicated by the reappearance of the posterior
shales and lava beds due to faulting and warping, as is more fully
explained on page 107, and a series of sandstones and conglomerates
from Glastonbury to Talcottville, of problematic position in the series,
but more likely belonging near the bottom than near the top of the
formation, as will be shown later (p. 130). The anterior shales contain
a limestone near the anterior lava bed, mentioned by Percival,” but not
now visible, and also some fossiliferous black shales, disclosed by
trenching across their expected position (p. 138). The direct distance
from the anterior ridge, northeast of Meriden, obliquely across the
lower sandstones to the erystalline border beyond Bethany Mountain,
is 13 miles, but the transverse measure of the lower sandstones square
aACross tgeir average strike is only 44 miles. With an average dip of
about 152, the thickness of this division of the formation would be
5,000 or 6,000 feet in this block.

The two trap ridges east of East Berlin are assumed to be repetitions
of the posterior lava bed by branch faults, but there is no complete
proof that this assumption is correct. The chief reason for its accept-
ance lies in the great improbability that an additional lava flow should
have been poured out in this district long before the time of faulting,
yvet having its edges prophetically agreeing with the margins of the
block as determined by long subsequent dislocation. The discovery of
the belt of fossiliferous black shale that ordinarily lies about a quarter
of a mile west of the posterior ridge would be a desirable confirmation
of this view. As in so many other cases,the faults that are believed to
have produced these repetitions are first drawn so as to cut the ends of
the ridges, but their location is generally confirmed by the occurrence
of fault brececias or distorted dip at various points along their lines.

1 Geology of Connecticut, 1842, p. 486.
21bid., p. 363.



102 TRIASSIC FORMATION OF CONNECTICUT.

The double repetition of the posterior lava bed on either side of the
arched warp in Rocky Hill is more satisfactorily determined. The
identity of these outcrops was first suggested by their relation to the
heavy trap sheet, presumably the main sheet, of the Cedar Mountain
triangular block; it was afterwards practically demonstrated through
the discovery by Mr. Rice of the posterior belt of fossiliferous shales in
a position appropriate to the small trap ridge near Rocky Hill village.
Additional outcrops of these shales would be very welcome witnesses
to the scheme of structure here advocated; but, in spite of close and
persevering search, they have not been found.

The following notes illustrate the character of the evidence by which
the long-continued bounding faults of this block are defined. Begin-
ning on the southeast side of the block, Bethany Mountain is seen to
be distinetly offset in advancing order from the northernmost irregular
portion of West Rock ridge, and half a mile to the southwest there is
a corresponding offset in the margin of the crystalline uplands. Joints
oceur in increasing numbers in the trap on either side of the gap, as if
the sheet had been locally disturbed. The crystalline schists, whose
trend hereabouts is generally regular, are locally deformed, brecciated,
and slickensided along the projected trend of the fault to the south-
west. To the northeast a well-defined break occurs near the southern
end of the Cheshire dike, producing an oftset of about 50 yards in a gap
trending N. 40° E., in which a trap breccia is found. The path of the
fault across the line of the Wallingford dike is not indicated by any
systematic offset, but it must be remembered that a nearly vertical
fault need not offset a nearly vertical dike. Quinnipiac Ridge appears
to gain greatly in breadth west of Wallingford, but this is thought to be
only the effect of several advancing offsets caused by successive minor
faults into which the bounding fault appears to be divided in this dis-
trict. It should be understood, however, that the fault lines are not
identified as such; that Quinnipiac Ridge is very generally drift-cov-
ered; and that the existence and arrangement of the faults are inferred
entirely from the general form of the ridge. Within an area of heavy
drift on monotonous sandstones, beyond Yalesville and southeast of
Meriden, no decisive evidence of faulting is found; but at several
points there are oblique northeast-southwest valleys, interrupting the
low sandstone ridges, and these are most likely due to erosion in fault
breccias.

Then come the well-defined offsets and overlaps of the recognizable
members of the middle division, indicating a heave of at least 1,300
feet, and producing the bold south bluff of Chauncy Peak, in contrast
to the long north trail from Higby Mountain. Near the end of the
latter, where the trap is crossed by Fall Brook, the trap is much brec-
ciated, increasingly so toward the oblique fault line, which is here well
defined. A generalized section of this locality is given in fig. 21, look-
ing north. A band of breccia in the trap is weathered out as a small
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chasm trending northeast, transverse to the stream near its chief fall.
The very face of the fault is disclosed at the side of a pool where the
stream flows off the trap; a few layers of shaly sandstone lie against
the trap, with a strong reverse dip to the northwest. The heavy trap
sheet, which comes for a number of miles from the south in strength
enough to make a mountain, here disappears, and the line of its strike
runs through meadows. A little farther on the sandstones have reverse
dips of from 5° to 40° NW., and bands of breccia are seen trending
N. 45° to 55° E. in the Meriden, Waterbury and Cromwell Railroad
cut a short distance west of Westfield station; these give every reason
for thinking that similar disturbances would be found if similar expo-
sures were made at any other point along the fault line.

The southern termination of one of the Iast Berlin supernumerary
posterior ridges falls on the same line almost opposite the northern
point of the trailing main sheet of Higby Mountain. The eastern end
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Fia. 21.—Diagram section of north-bounding fanlt, Highy block.

of the posterior ridge on the south side of the Cedar Mountain anti-
cline defines the extension of the fault line close to the Connecticut
River. Across the river, in South Gastonbury, the trap conglomerate
is dislocated from its probable equivalent, the Rocky IHill posterior
ridge. Then comes the sudden change in the course of the lowland
margin, turning at this corner from a northward course, that has been
maintained from near Middletown, to a northeastern course, now con-
tinued for 8 miles to a well-defined corner near the beautiful village of
South Manchester, where the northward course is resumed. No sign
of the contact of sandstones and erystallines is seen in this distance of
8 miles; indeed, only one actual contact has been found along the
eastern margin, and that by trenching; but a line drawn so as to-sepa-
rate the outcrops and forms appropriate to the upland and lowland
rocks accords closely with the prolongation of the fault line already
traced. Following the same direction beyond the South Manchester
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corner into the crystalline area, one finds an oblique valley along its
course near the border of the upland, and 3 miles beyond is the deep
depression of Bolton Notch. Here the cut of the New York and New
England Railroad discloses numerous fault breccias of small movement,
with a northeast trend, suggesting that breccias of greater movement
may be worn deeper in the notch and buried in drift. Still farther
northeast the depressions of the Willimantic reservoir and of several
villages on either side of Tolland fall into the same line. Their value
as evidence of faulting can not be measured until the structure of the
crystalline upland is deciphered.

It is true that drift obscures by far the greatest part of this fault line,
and that in certain parts of its length no direct indication of faulting
is found, while in certain other parts evidence of complicated faulting
is discovered, as near Westfield; hence the proof of faulting is by no
means continuously and uniformly maintained. But when all the facts
are considered, itis difficult to resist the belief that a strong dislocation
has taken place along the line pointed out by so many peculiar and
accordant witnesses.

The northwestern side of the long Lamentation block is defined with
a similar measure of certainty. For much of its length the chief frac-
ture seems to be accompanied by a number of parallel subordinate
fractures, chipping the sides of the adjacent blocks. It begins with
the strong advancing oftset and overlap of the south end of Gaylord
Mountain from the north end of Bethany Mountain, accompanied by a
corresponding offset in the margin of the erystalline area, indicating
movement of nearly 2,000 feet. In the south end of Gaylord Moun-
tain the trap is much more jointed than usual. Subordinate faults a
quarter of a mile southeast and northwest are indicated by oblique
notches in the ridges of the intrusive sheet, both showing a slight
advancing order of displacement. The prolongation of the fault line
into the crystalline area leads to local deformation, breceias, and slicken-
sides in the schists, as on the other side of the block. Passing the
drift-clogged valley of Mill River, the west end of the Wallingford dike
and the west end of the Cheshire dike fall closely on the line drawn
from the Bethany break in the intrusive sheet to the great offset and
overlap between Lamentation Mountain and the Hanging Hills group.
Recalling that these cross dikes give frequent indication of top contacts,
showing that their exposed ledges are near their original summits in the
Lamentation blocks, one perceives it is natural that they should not be
visible in the next block to the northwest, which is less uplifted by
about 2,000 feet. On approaching the main fault line, the Cheshire
dike is frequently notched and slightly offset. The Wallingford dike is
once notched, but not offset. In this respect each dike behaves con-
sistently on the two sides of the Lamentation block, thus permitting
the belief thafi the fault movements ran in the plane of the Wallingford
dike, but a little out of the plane of the Cheshire dike. Near the
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northern end of the latter a number of openings were made in former
years for barite and copper. As far as they are now accessible they
appear to be associated with the compound fractures of the main fault.
Quinnipiac Ridge is distinetly cut off by the fault line, and its contin-
uation in the next block to the north has a strong advancing offset.
Near South Meriden a fine exhibition of disturbed and reversed dips is
found on both sides of Quinnipiac River, west of Hanover Pond. The
bluft north of the river and westof therailroad in the next block gives
persistent exposure of sandstone ledges on the east slope of Quinnipiac
Ridge, outeropping eastward and dipping 10 or more degrees westward
for about half a mile along their strike, thus indicating an uplift on
the east, already known by the advancing order of the trap and sand-
stone ridges. Near the eastern limit of their outcrops a roadside
exposure exhibits the small faults shown in Plate XII. The minor dis-
locations of the Quarry Ridgein Meriden will be described in the next
section. The fault line is here indicated by a narrow valley, ¢lose to
which the sandstone or conglomerate ridges are truncated on either
side. One of the conglomerate ridges would, if continued along its
strike, run directly into the trap sheet of Quarry Ridge.! The dip of
the strata in this ridge decreases almost to horizontality close to the
valley, and the joints are here seamed with barite. The edge of the
trap ridge where closest to the little valley is crushed to a coarse
breceia, now deeply weathered. On either side of the valley the strike
of the ledges northwest of Meriden differs by nearly a right angle,
owing to the warp in the Hanging Hills block, described below.
I"arther northeast, in the belt of low ground where the lower sand-
stones and conglomerates of the Lamentation block stand opposite the
posterior shales of the Hanging Hills block, a number of low ridges
formed by conglomerates may be traced one by one northward to their
endings, each more easterly member of the series extending farther
northward, as an oblique fault would require. North of the invisible
fracture the weak posterior shales are seldom visible, the surface being
worn down low and covered with drift gravels and sands or with the
waters of Beaver Pond. The posterior trap ridge of the first subblock
of the Hanging Hills group fails to appear in this low ground, proba-
bly on account of weakening by many faults. (See p.173.)

The northern end of the Lamentation anterior is slightly notched and
displaced in advancing order where the Berlin road crosses it. The
southern part of the posterior ridge of the Cedar Mountain block stands
opposite the anterior valley of Lamentation Mountain, but its precise
ending is buried under heavy gravels. Tarther on, the bold face of the
heavy main sheet of Lamentation Mountain obliquely retreats, obeying
the command of the invisible fracture as submissively as the little con-
glomerate ledges just mentioned. Its trailing end may be followed
north of a crossroad and down Spruce Brook. As the fault line is

——

1 See Am. Jour. Sci., 4th series, Vol. I, 1896, p. 8.
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approached the overlying shales are dragged to a northwest dip, and
finally end in a violently crushed and dislocated ledge, beyond which is
an open meadow with no outerop, thus closely repeating the features
of the northern ending of Higby Mountain. A little farther on, the
projected course of the fault leads along the base of the slope between
the higher ground of the Lamentation block and the meadows to the
northwest; and here is found a local anticline in the red shales with
westward dip toward the fault line, a feature noted by Percival,' but
finding no explanation until it is brought into line with the various
other disturbances of this long-continued fracture. Next follow some
isolated ledges of trap, much jointed, without definite monoclinal expres-
sion, and unconnected with any of the adjacent trap ridges. These are
thought to be chips from the posterior trap sheet, dragged about 400
feet downward in this compound comminuted fracture, and now happily
exposed in the present state of erosion, as illustrated in fig. 22. The
northern end of the normal posterior ridge is soon reached near Kast
Berlin, two small chips being neatly detached from it, with small advanc-
ing offsets and overlaps. The supernumerary posterior ridges of this

8
Vs

)

i
7,

7

Fia, 22— Fragments of poaterior trap sheet in north.-bounding fault of Tamentation blocl,

Ly

V077

district are hardly reached by the main fault, but rather by the medial
fault of the Lamentation block, of which more beyond (p. 107).

Mothing could be more satisfactory in the way of geometric evidence
of a fault than the broadening of the space between the posterior ridges
of the Cedar Mountain anticline as it enters the uplifted Lamentation
block, and nothing more nunsatisfactory than the 12 miles of drift-covered
surface that then intervenes before the Vernon corner of the eastern
crystallines is reached. Through all this blank area, where the rare
outerops of normal-dipping sandstone are always to one or the other
side of the projected line, the fault is nevertheless believed to pass,
for the oblique boundary between sandstone lowland and crystalline
uplands stands just in line with it, and is remarkably well defined by
sharp corners at Vernon and Rockville, before and after which the
general north-south course of the boundaryis resumed. Thisis almost
as demonstrative of a fault as the broadening of the Newington anti-
cline. Beyond Rockville the fault line has been probably located by
local contortions, breccias, slickensides, and alteration in the erystallines,
for about 8 miles, nearly to West Stafford.

-

1 Op. cit., p. 357.
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Viewing the north-bounding fault as a whole, it may be regarded as
somewhat better established than the south-bounding fault of the
Lamentation block. The evidence is of essentially the same kind along
the two lines, but is of greater quantity on the northern than on the
southern side. The essential parallelism of the lines to each other and
to the various fault lines that have been traced for shorter distances
between many adjacent blocks deserves to be given a high value in the
demonstration of their occurrence. The repetition of similar offsets in
the western crystalline border on each of these long lines is highly sug-
gestive; but the explanation of the retreating offset in both cases on
the eastern border is postponed until it may be considered in connection
with the eastern marginal faults (p. 129).

The medial fault of the Lamentation block sets off Chauncy Peak
from the southern end of Lamentation Mountain, the throw of the fault
here being about 400 feet, producing a very distinet offset and overlap
of normal arrangement. The fault is first recognized in an oblique
valley in the lower sandstones and conglomerates northeast of Meriden;
then in the displacement of the anterior ridge, a small chip being dis-
located from the Lamentation anterior on the northwest side of the
fracture. As an “example for practice,” there is hardly anything in
the valley better than this. The anterior of Chauncy Peak terminates
directly south of the main sheet in Lamentation Mountain. The trend
of the fault line, as thus located, carries it through the deep and
narrow rocky notch between Lamentation and Chauncy to a displace-
ment on their back slopes. The further course of the fault is for a
time obscured by heavy drift; but a distinet dislocation in the posterior
ridge, again with normal offset and overlap, falls in range with the
previously located points. TFarthernortheast thefaultis notrecognized.

Cedar Mountain block.—This abnormal member of the series is wedged
in between the Lamentation and Hanging Hills blocks, which would
otherwise follow in regular succession all along their length. The
southern point of the wedged block is indicated by the Berlin posterior
ridge north of Lamentation Mountain. Its western margin must lie
between this posterior and that of the Cat-hole member in the Hanging
Hills block, and farther north it must lie between the base of the main
sheet in Cedar Mountain and the small posterior ridge west of New-
ington that probably belongs in the West Peak member of the Hanging
Hills block. Judging by the moderate height of the main sheet in
Cedar Mountain and the ridges that continue it southward, the fault
should run mear its western base, as otherwise these ridges should be
as high as those elsewhere formed by the main sheet (see p. 173); but,
except by this argument, no precise position for this bounding fault
can be assigned. Its necessary indication by a line on the map is one
of the many cases where graphic representation is more definite than
the actual state of the problem warrants. Minor faults are indicated
by notches in the main ridge. Farther north the main fault must run
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along the oblique northern termination of Cedar Mountain and of the
posterior ridge on which Trinity College stands in Hartford. In a
stream bed just north of the end of the main sheet the fault is revealed
in a Dbelt of breccia, one of Percival’s <“clay dikes.,”! At other points
between the ends of the main and posterior ridges, and along the curved
prolongation of this line into Hartford, just west of the Capitol, the
fault is indicated by reversed dips, even to 30° or 45° W., in the sand-
stones. The reversed or westward dips of 10° or 152, 10 miles north at
Hayden, and thence west toward Farmington River, may be attributed
to an extension of the same fault.

The manner in which the Cedar Mountain ridges of the main lava
beds are flanked on the north and south by the converging posterior
ridges of Hartford and Berlin clearly indicates that this block is an
arched warp, with the axis of the arch pitching eastward toward Rocky
Hill, where the same pair of posterior ridges is somewhat more uplifted
in the Lamentation block, so as to delay their convergence. The main
trap sheet in the Cedar Mountain ridges, as well as the Berlin member
of the posterior ridges, is dislocated by several small faults whose
extension can not be traced. The southernmost member of the Berlin
posterior ridges terminates at the northern end in a well-defined hook,
around which a series of sandstone layers curve in a perfectly conform-
able manner, noted by Percival,® but then not explained. To day, the
hook must be explained as the manifest sign of a warp or drag of the
aqueous and igneous strata near the minor fault on its eastern side.
In spite of the extremely vesicular and scoriaccous upper part of the
lava bed on the inner slope of this hook, no actual contact with the
overlying strata has been found (p. 74).

The posterior ridge between Hartford and Griswoldsville does not
appear to be faulted. An indefinite series of upper sandstones and
shales follows in the northeast, extending across the Connecticut River
into East Hartford. The continuation of this block into Manchester
and beyond will be discussed in connection with the eastern boundary
of the formation (p. 130).

Hanging Hills block.—The fine group of the Hanging Hills northwest
of Meriden is one of the most picturesque districts within the valley
lowland. Although subdivided by several minor faults, the narrow
members or slabs into which it is thus broken may all be grouped
under one block. The notable change in the coarse of the strong
blufts formed by the main sheet, so that they trend about east and west
in the district northwest of Meriden, is due chiefly to a corresponding
change of strike, in which the whole series of layers hereabouts shares;
but it is secondarily due to the greater retreat of the main sheet in the
narrower eastern slabs of the great Hanging Hills block, as is further
explained on page 173. The greater part of Gaylord Mountain,

I Geology of Connecticut, 1842, p. 387,
2Ibid., p. 358.
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including the high summit of Mount Sanford, is the basal intrusive
member of this block. Only one short dike running east and west at
Brooksvale is here found in the lower sandstones. A similar freedom
from dikes continues through all the rest of the lower division of the
formation to its northern end in Massachusetts, thus strongly con-
trasting with the frequency of dikes in the lower sandstone of
Cheshire, Wallingford, and East Haven.

The igneous and aqueous members of the series.in the district of
the Hanging Hills do not call for special remark as to their structural
features, unless it may be on account of the very infrequent exposure
here of c¢ritical strata and contacts. The subdivision of the block into
many subordinate blocks or slabs is of more interest. TFirst is the
Quarry block, a narrow slice in which the main sheet is the only lava
bed identified; the anterior and posterior seemed to be too much splin-
tered to stand up in ridges. The main sheet, however, is of much
interest from its dissection in large quarries, where its composite struc-
ture as a double lava flow, deseribed on page 70, and its numerous
minor faults are well shown. The minor faults are roughly parallel
with the great marginal fault, already detailed in connection with the
description of the Lamentation block; they are marked with a breccia
of angular trap fragments, often slickensided, the interstices being
filled with infiltrated sandstone débris, adjusted to the trap fragments.
Secondary faulting of the breccia is sometimes seen, as if the move-
ment had been long continued. A well-defined depression parallel to
the general course of the system of faults, and more or less interrupted
by local splinters or ledges of trap, separates the Quarry Ridge from
the next stronger mass of the main sheet. Half a mile or more south-
west of the Quarry Ridge the sandstone ledges have a strike about
west-northwest.

The strong bluffs that inclose the narrow gap known as ¢ Cat-hole”
on the east are the southern ends of the main trap sheet in what may
be called the Cat-hole block. A medial fault is indicated by the divi-
sion of the trap into two ridges sepa\'a.ted by a narrow, rocky valley.
The western face of the ridge is more variable in strength of outerop
than is usual, from which it is inferred that there is some variation
in the heave of the west-bounding fault. The anterior and posterior
ridges are both identified in this block, and both are notched by the
medial fault recognized in the main sheet. The anterior shales here
exposed are peculiarly bright red. These, with the anterior trap sheet
and the adjacent lower sandstones, have a northwest strike. Ior a
mile or more southwest of the anterior ridge the course of the west-
bounding fault may be traced by the oblique truncation of several sand-
stone ridges, and then by the course of a valley or depression between
low hills. These minor features, as well as the dislocation of the
several stronger ridges from the corresponding members of the next
adjoining block, are well viewed from a hill that stands about half a
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mile northwest of the Meriden station of the Meriden, Waterbury and
Cromyell Railroad.

The outcropping bluff of the main sheet in the next subordinate block
of the Hanging Hills forms South or Notch Mountain, which is much
higher, though of smaller area, than the Cat-hole ridges. The anterior
trap sheet fornis a well-defined ridge beneath the main bluff, with strike
about northwest; the posterior sheet forms a long ridge, partly drift
buried, extending northward to Berlin Junction. The gradual decrease
in height of the main sheet, as it is cut back by the oblique bounding
fault on the northwest, is an excellent illustration of this structural
feature, so often repeated and so demonstrative when its meaning is
once perceived. It may be the southwestward extension of this faulg
that causes the oblique gap in the intrusive ridge of Gaylord Mountain
just north of Mount Sanford, where the trap is much jointed and
broken; the less conspicuous oblique notches in Gaylord Mountain
farther south near its termination may be associated with the smaller
faults that bound Cat-hole block.

The West Peak main sheet rises to the highest summit of the trap
ridges in Connecticut. It has several notable features in addition to
its large size. Its back slope is surmounted near the base by a supple-
mentary ridge, apparently the topographic expression of an upper lava
bed, separated from the main bed by weaker members; the latter, how-
ever, do not outcrop in the wooded valley beneath the supplementary
ridge. The change in the front of the bluff from facing south to facing
west is well exhibited in this part of the main sheet, as the bluff’ may
be traced continuously around the culminating point of West Peal.
The anterior shales, anterior trap, and adjacent lower sandstones curve
conformably with the main sheet, and it is believed that this curvature
is essentially the result of a warp in the structure of these massive
beds at this point, the southwestern corner of the great Springfield
crescent. The homology of this curvature to the crescents of Pond
and Totoket mountains has already been remarked. Quinnipiac Ridge
broadens north of the Quinnipiac gorge, as if somewhat affected by the
warp; but it disappears a little north of the West Peak corner, as if its
determining strata had weakened or thinned out. It is curious tonotice
that in this locality the more resistant strata by which the ridge is
determined stand near the top of the lower sandstones, while in the
New Haven district they are below its middle. The possible bearing of
this on glacial erosion is mentioned on page 179.

Part of the posterior lava bed assigned to the West Peak block
extends north of Berlin Junction, being slightly dislocated from the
posterior of South Mountain in advaneing order. The gap between the
two is occupied by the Sebethe River, in whose bed there is a fortunate
exposure of the fault breccia, with strike N. 40° E. and hade about ver-
tical, the breccia being about 2 feet thick and composed of sandstone
and shale fragments, much crushed and slickensided. The locally

.
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reversed dip of the strata, as in fig. 23, 4, indicates that the heave of
the fault was, as usual, on the southeast side of the fracture. This
breccia, so manifestly connected with the fault that defines the gap in
the posterior ridge, is one of Percival’s “clay dikes.”! Among the pos-
terior shales is a group of strong-colored red beds, not infrequently
making good outerops in this block, but less serviceable in determining
fault lines than it was hoped they might be.
A close sympathy with the general system of fault lines is shown by
several oblique gullies that trench the back slope of the West Peak
main sheet, and lead, when prolonged, to recesses in its bold bluff.
These are taken to in- w E
dicatelinesof weakness
caused by slight "dis-
locations in an other-
wise nearly homogene-
ous mass, and hence
are selected as guides
for denuding forces in
preference to the lines
of slope ordinarily fol-
lowed in the dissection
of monoclinal ridges.
In one case a narrow
band of breccia, about
a foot wide, and trend-
ing N. 50° E., essenti-
ally parallel to the
course of the gullies,
was observed in a ditch
that led the streams
from the mountain into Fic. 23.—A, breceia and dragged strata caused by fault with heave

the reservoir between ;’x:.(“:“; B, same with heave on west. Scale, about 15 feet to the
West Peak and Notch
Mountain. It isprobably a southwestern continuation of some of these
minor faults that produces the bands of breccia encountered in the
isolated trap ridges north of Cheshire in mining copper. They show a
small amount of ¢ copper stain,” along with cementing caleite and barite.
The notch in which the reservoir stands between West Peak and
Notch Mountain has a course that is in striking contrast to that of the
gullies of the back slope and to the course of the master faults. At
the south end it occupies the fault gap between the bluffs of the adja-
cent mountains; but while the fault line between the two blocks then
runs east of the reservoir about N. 40° E., as is well proved by the
relative attitude of the two parts of the dislocated main lava bed, the
notch pursues a course leading about N. 10° E., and is undoubtedly

1Geology of Connecticut, 1842, p. 378,
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eroded for the greater part of its length in the main sheet of West Peak
on the west of the fault line. An explanation of this divergence will
be offered in Part 111.

The posterior ridge of West Peak is strongly subdivided, as if by one
of the minor faults that notches the bluff’ of the main sheet and the
anterior ridge, the greater displacement of the posterior probably being
due chiefly to the change in strike. The fault crosses the anferior
nearly square, and the posterior very obliquely, but it is also probable
that the fault has increased in throw to the northeast. It must, how-
ever, be avowed that the posterior ridges from here northward for
several miles beyond New Britain are very complicated in their arrange-
ment. The correlations suggested on the map are the best that many
trials can invent, but it is highly probable that the actual dislocations
are much more complicated than those here described. A fault breccia
of trap and sandstone is seen at the dam of a burnt mill in the village
of Kensington. It is about 4 feet thick, with strike N, 40 E. and hade
15° from the vertical toward the northwest. Slickensides on the fault
face indicate a nearly vertical movement on the fault plane. Certain
subordinate outerops of trap, in all probability portions of the posterior
lava bed, occur hereabouts in slight disorder, for which no satisfactory
explanation has been suggested. A trap ridge of considerable size rises
just west of Newington village, departing most conspicuously from the
system that elsewhere prevails. It may be merely suggested that it is
most likely a dislocation of the posterior sheet, and that its occurrence
here serves as a sort of forerunner of the greater uplift by which the
main sheet rises in Cedar Mountain, a little farther east.

Short Mountain block.—Short Mountain is the main sheet of a narrow
block or slab in which the usual middle members are represented. Its
members follow those of West Peak in slightly advancing order, better
seen in the anterior and posterior than in the main ridges. In the gap
between the anterior ridges there was formerly a “paint mine.” OId
waste heaps lie about the shaft, exhibiting a quantity of breccia of
dense and vesicular trap, cemented chiefly by barite. As in the
Cheshire paint mines, the occurrence of these exceptional structures
precisely on lines that are otherwise known to be followed by faults
must be regarded as a crucial test of the theory of fanlting. The
bounding fault on the northwest, separating Short Mountain from the
Ragged Mountain block, is one of the exceptional dislocations that
produce a retreating ordex, distinetly shown in the anterior ridge, less
distinetly in the main ridge, but recognizable again in the posterior
ridge also, as it is interpreted on the map; hence this fault must have
its heave on the northwest instead of on the southeast, as is the general
rule. It is interesting to find that the permissible path of this fault
leads us to a sandstone breccia striking northeast, one of Percival’s
“clay dikes,”!in the bed of a stream a mile south ot New Britain Center,

1 Op. cit., p. 320.
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and at the eastern base of a great drumlin, and that the drag of the
adjoining beds of shaly sandstones confirms the exceptional move-
ment on the fault line, the dip being locally increased to 30° SE. on the
northwest side of the fault, as indicated in fig. 23, B (p. 111), in contrast
to fig. 23, A. Examples of reversed drag are rarely known in the valley;
hence the occurrence of this one on the line of a fault otherwise indi-
cated as heaved on the northwest is of considerable value. TFarther
northeast the fault has not been traced.

Ragged Mountain block.—From the broad notch north of Short Moun-
tain to the oblique valley now flooded by Shuttle Meadow reservoir the
main sheet stands out in strong blufts, forming Ragged Mountain. The
oblique truncation of the trap sheet on the southeast and northwest
and its oblique bisection by the valley of Panther Swamp, now con-
verted into a reservoir, testify clearly to the general course of the
bounding and medial faults. The bluff turns from the western face of
the mountain around its southern point, where its cliff face is very bold,
and continues for a distance around to the southeast border, thus
repeating the form that is so conspicuous in Chauncy Peak. North-

vard the bold western bluff gradually falls off in height and trails
away, as the bounding fault cuts obliquely across it. The long north-
eastern trail of the trap sheet is cut squarely across by a broad valley a
mile southwest of New Britain, a continuation of the broad and deep
valley by which the main sheet of the Bradley and Farmington Moun-
tain block is transected west of New Britain. This aberrant feature
will be considered in Part I11.

The fault lines indicated by the form of the main sheet are fully con-
firmed by the dislocations of the anterior ridge, and are permitted, if
not demanded, by the arrangement of the posterior ridges, as they have
been mapped after very careful search. As already stated, the ante-
rior and posterior ridges exhibit the retreating order, with lapse of
occurrence along the southeast border of the block, better than the main
sheet. They are both dislocated in the line of the Panther Swamp
bisection of the block. The duplication of the small ridgesin the north-
east part of the city of New Britain is aseribed to branches of this frac-
ture, whose movement has here become of much greater value than in
the main and anterior ridges; but it should not be concealed that the
interpretation of these posterior traps on the map is somewhat doubtful,
owing to the heavy drift that frequently covers their low ridges. Itis
probable that the actual structure is more complicated than the map
would imply. The stratified members of the series are seldom of critical
value in this block; but as far as their outerops are traceable, they are
terminated in a manner perfectly conformable to the scheme of faulting
inferred from the trap ridges.

Farmington block.—A great mass of the main sheet extending from
the bluffs of Bradley Mountain, north of Shuttle Meadow reservoir,
8 miles to the end of the long trailing ridge northeast of Farmington,

18 GeoL, PT 2——38
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must be included in a single block, in spite of the deep valley by which
it is cut square across between New Britain and Plainville, this aber-
rant feature seeming to be entirely independent of faulting, and find-
ing an explanation in Part III, along with its homologue, already
mentioned, between Notch Mountain and West Peak. To the south of
the transverse valley the main sheet forms Bradley Mountain; to the
north the greater part of the ridge is known as Farmington Mountain,
but its high northwestern knob forms Rattlesnake Mountain, separated
from Farmington Mountain by a narrow ravine and belonging to the
next block to the north. The various middle members of the series
are fairly well shown, although the desired outerops of the fossiliferous
shales have not been found.

The bounding fault on the southeast produces a well-defined advane-
ing offset and overlap in the trap ridges, the measure of overlap
increasing greatly in passing from the anterior to the posterior ridge,
and thus indicating a curvature of the fault line from a more transverse
toward a more longitudinal course, as well as a probable increase in
fault movement on the northeast. The curvature of the fault line will
be recalled as of importance when tracing the course of other faults
farther north. The bluff of the southern part of the main sheet in
Bradley Mountain is somewhat irregular, indicating subordinate faults,
one of which is perceptible in causing a small notch and advancing
overlap in the anterior ridge at the Southington reservoir. Various
oblique depressions and gulleys in the back of the main sheet suggest
the occurrence of oblique dislocations of small throw.

The bounding fault on the northwest is proved to be of reversed
movement by several peculiar features, best considered in connection
with the next block. The long trail in which the main sheet of Farm-
ington Mountain terminates northward is remarkably well developed.
‘When followed northward the mountain ridge turns to the north-
northeast back of Farmington, and gradually decreases in height until
it disappears under the drift in low ground near the Hartford road,
north of Burnt Hill. It thus repeats the habit of the main sheet in so
many other blocks, especially in West Peak, South, Lamentation, and
Higby mountains. In strong contrast with the long trail of Farmington
Mountain, slowly descending to the north, is the bold bluff from which
Bradley Mountain looks south over Shuttle Meadow reservoir. Here
the outcropping base of the main sheet curves around from its usual
exposure and forms a cliff to the southeast, gradually decreasing in
height as it turns to the northeast. All this is perfectly conformable
to the pattern deduced from the geometrical discussion of faults on
page 89. It is only a repetition of what has been repeatedly seen at
the southern end of the main sheet ridges in various other blocks, as
Ragged, Short, and Notch mountains, Cat-hole and Chauncy peaks,
and Tremont Mountain. When these consistent and orderly features
of form are appreciated it will be easier to overlook the deep trans-
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verse valley in the Farmington block, and to regard Bradley and
Farmington mountains as dissected parts of an unfaulted portion of
the main sheet.

East Talcott block.—The eastern of the two trap ridges that form
Talcott Mountain gives name to this block. Ior simplicity of state-
ment, the account of Rattlesnake Mountain and its anterior will be
postponed until the larger part of the block, farther north, is explained.

The west face of East Talcott Mountain stands with a retreating
offset of about 2 miles from that of Farmington Mountain, and there
is a lapse of about 5 miles between the south end of Kast Talcott
Mountain and the north end of the corresponding bluft of Farmington
Mountain. Similarly, the anterior of East Talcott Mountain retreats
with an eastward offset of about 14 miles from the anterior of Farming-
ton Mountain, and there is a lapse of about 3 miles between the south
end of the East Talcott anterior and the north end of the Farmington
anterior (the anterior of Rattlesnake Mountain not being now con-
sidered). These retreating offsets and lapses of outerop agree in
demanding a reversed movement on the fault plane by which the two
blocks are separated; and this is confirmed by the peculiar relations of
the posterior members. The posterior ridge of Farmington block may
be continued northward as far as Bloomfield through a series of inter-
rupted ridges, which may be called the Farmington-Simsbury posterior;
although often concealed, the course of the ridges runs steadily without
any of the confusing offsets or overlaps that have been so conspicu-
ous in the New Britain district, It is therefore impossible that the
strong fault by which the anterior and main sheets are caused to lapse
and offset over distances to be measured in miles, should intersect the
posterior ridge; the fault line must curve to the west of the ridge,
along the belt of low ground between the ridge and the base of East
Talcott, Mountain. For part of this distance the fault probably runs
close to the outerop of the Farmington-Simsbury pesterior, for the ridge
is discontinuous, as if the sheet were here and there splintered and
shattered.

The curvature of the fault line to a more northward course is, how-
ever, precisely what might have been anticipated from the curved course
already described for the Shuttle Meadow fault. The location of the
fault between the long Farmington-Simsbury posterior and the main
sheet of ast Talcott Mountain is further confirmed by the very narrow
space here allowed for the posterior shales, although the dip maintains
its usual value of about 15° E. In the New Britain district the shales
generally occupy a belt at least 2 miles wide, while here the width is
reduced to about two-thirds of a mile; but this is precisely the neces-
sary result of a fault parallel to the strike of the strata and with heave
on the west side. The greater part of the posterior shales thus lapse
hereabouts; and the posterior trap sheet of the Bast Talcott block is
not to be seen. A curving fault, at first trending northeast and then
north, with strong heave on the west, is thus fully established.
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Inquiry is naturally awakened as to the further course of the curved
fault. If it continues to turn to the left, it must again intersect the
main and the anterior sheets, once more dislocating their ridges, with
lapse and offset appropriate to its movement. Precisely such an arrange-
ment is found at Weatogue Gap, between Bloomfield and Weatogue;
but the dislocation is small, the lapse and offset of the main sheet not
being over 2,000 and 600 feet, respectively, and before going much far-
ther the fault must die out, for the anterior ridge is not broken.

It should e noted that, as the fault runs northwest, the offset that
it causes is in advancing order westward; but as the heave is still on
the west side, there is a lapse as before, although its measure is small.

A curious and unexpected consequence of the curved course of the
fault is that Simsbury Mountain, next farther north, must lie in the
same block with Farmington Mountain; and if the system of curvature
be continued to the other faults, other northern and southern members
of the main trap ridge north and south of Talcott Mountain would
likewise fall in pairs within single blocks, but unhappily no other fault
to the east of this one has been traced from the New Britain district
past the latitude of Hartford.

Returning now to Rattlesnake Mountain, south of Farmington, it is
found to be separated from the main trap sheet of Farmington Moun-
tain by an oblique ravine, with trap bluffs on the west as well as on the
east, in the path of the curved fault above described. The greater
height of the Rattlesnake summit is probably due to the greater alti-
tude in which erosion found the main sheet on the west side of the fault
line; not that the movement of the fault directly increased the height
of the mountain, but that it placed the trap at a greater height to be
acted on by erosion.

The anterior of Rattlesnake Mountain is separated from that of Farm-
ington Mountain a mile north of the Plainville-New Britain gap by a
small retreating offset, with brief lapse of outcrop. The Rattlesnake
anterior ridge thence continues north and northeastward until it almost
abuts against the foot of the main trap bluff in the Farmington block
back of Farmington village, causing a nearly complete lapse of the
anterior shales. This must mean that the heave of the fault increases
to the northeast. A little farther on the anterior sheet itself lapses,
thus indicating a still greater increase of heave. But shortly after-
ward, passing obliquely northeastward, and hence somewhat down the
dip of the monocline, the anterior reappears, this being the portion of
the ridge that fronts the south end of East Talcott Mountain men-
tioned above.

The exceptional arrangement of the anterior and main trap ridges in
this block gives a more severe test to the theory of faulting than it
encounters anywhere else in the valley, and at the same time leads to
results that are as unexpected as they are satisfactory. It is safe
to say that so long as the trap sheets are regarded as intrusive sills
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the irregularities here met would be explained as the result of unsys-
tematic intrusion, and the peculiar order of faulting would remain
unsuspected. But when varied and consistent evidence proves the
sheets to be extrusive flows, originally of great continuity for many
miles north and south, their interruptions or lapses to-day call for some
systematic explanation, such as is given above, consistent with that
applied successfully elsewhere in the valley. No refuge is then needed
in disorderly intrusion, for the features of this exceptional district fall
into perfect accord with the regional system of faults of the entire for-
mation. The explanation offered thus not only demands acceptance
for itself, but permits, nay, compels, fuller belief in the interpretation
given by the same general scheme of explanation elsewhere in the
valley.

West Talcott block.—This block contains the higher of the two paral-
lel ridges to which the name Talcott Mountain is ordinarily given.
The mountain is normal on its western slope, the strong trap bluff
descending to an elevated and narrow anterior valley, followed by a
high anterior trap ridge; these special forms being apparently due to
a decrease of thickness and a local increase of dip in the anterior shales
and sandstones. But the similarity of the terminal bluffs a2t the north
and south ends of the main ridge, the overlapping ends of the anterior
ridge, and the abrupt descent of the mainridge eastward down a bluff-
and-talus slope into the narrow valley that separates it from East Tal-
cott Mountain, are three associated features not repeated elsewhere.
Exceptional as they may be, they are the necessary results of another
curved fault, the Talcott fault, parallel to the one just described, but
with uplift on the east in the fashion generally prevailing in the region.
The East Talcott block may now be described as a narrow, concavo-
convex slab. The northeast course of the Talcott fault at the south
end of the mountain gives offset and overlap corresponding to those so
frequently seen farther south; the northwest course of the fault at the
north end of the mountain changes the overlap from southward to
northward, and reverses the offset to the retreating order of arrange-
ment. Here the offset is about 3,200 feet, and the throw 1,125 feet.
The gradual curvature of the fault into a course parallel to the strike
of the monocline causes a parallel duplication of the main sheet not
elsewhere to be found. The effect of this arrangement of the fault
line on the east-facing cliff and talus by which West Talcott Mountain
is cut off on its eastern slope, as well as on the moderate height of
East Talcott Mountain, will be further considered in Part ITI. Several
minor faults are implied by oblique notches and gullies in the trap
sheet, as indicated on the map.

The advancing order of the ridges in the southern division of the
intrusive sheets and the retreating order of the northern division make
one of the most significant contrasts of the two divisions. The mean-
ing of the contrast is evidently to be found in the direction of the fault
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lines. The advancing order is maintained by certain subordinate faults
somewhat north of the middle of Talcott Mountain, but beyond this
point the arrangement is in retreating order in the ridges of the intru-
sive sill, as well as in those of the extrusive sheets. It is surely most
suggestive of a common control that these peculiarities of arrangement
should agree in the two groups of ridges, one formed on an intrusive
and the other on an extrusive sheet of trap.

It will be noted that only in the Lamentation block have the bound-
ing faults all been traced across the Valley Lowland. Elsewhere the
fault lines are well defined only as they cross the middle members of
the formation. Although the northern intrusive sheet is undoubtedly

aulted, the correlation of individual fault lines in the middle and lower

members of the formation can seldom be safely accomplished in the
northwestern part of the Valley Lowland. It can, however, hardly be
doubted that the faults continue through the monotonous and generally
covered lower sandstones and conglomerates, and that this part of the
formation is broken into blocks probably of concavo-convex form about
as completely as the rest. The space occupied by the lower sand-
stone west of Talcott Mountain should not be regarded as a single block,
but rather as consisting of several curved blocks accordant with those
containing East Talcott and West Talcott mountains. A faulted struc-
ture probably prevails also in the great area of sandstones, largely
drift covered, north and east of Hartford. It is highly probable that
if the strata there occurring could be as well traced as those ot the
middle division they would be found dislocated in some similarly com-
plicated fashion, and ti.e present simplicity of that part of the map
would be changed to a complexity more accordant with that of the rest
of the Valley Lowland.

Simsbury block.—North of Talcott Mountain the main trap range is
nowhere so strongly dislocated as it is farther south, and perhaps for
this reason its different parts have, as a rule, ill-defined local, names.
The names here used for its chief divisions are taken from the adjoining
villages.

Simsbury Mountain, extending from Weatogue Gap to the noteh of
Farmington River at Tariffville, may be subdivided into three roughly
equal parts by minor oblique faults, indicated by gullies, notches, and
offsets in the main ridge and by slight interruptions in the anterior and
posterior ridges. The middle portion of the main ridge is called Pinna-
cle Mountain. The breaks in the subordinate ridges can not, however,
in all cases be well correlated with those in the main ridge. The best-
proved continuity is along the pair of faults that separate the second
and third subdivisions of the main sheet, 2 miles east of Simsbury vil-
lage. Here two faults, about 500 feet apart, isolate a narrow splinter of
the main sheet and little knobs of the anterior and posterior sheets;
their combined throw is 160 feet. The oblique course of many gullies
in the main sheet is highly characteristic hereabouts, and deserves



DAVIS.] SIMSBURY BLOCK. 119

attentive recognition on the map. A subanterior sandstone makes a
distinet bench here and farther north, beneath the anterior trap ridge.

The termination of the main sheet in the Simsbury block in Round
Hill at Farmington River Gap is again defined by a pair of faults, with
combined throw of 170 feet or more, slicing off a knob of the anterior
and a narrow slab of the main sheet, about 60 feet across, but appar-
ently diverging southeastward, so as to cut oft’ a wider slice of the pos-
terior ridge. The view of these faults {from the Bartlett tower on the
north summit of the main sheet near Tariffville is very instructive;
various details of surface expression, so faint as to elude all but the
most minute survey, fall into accord when the scheme of oblique
faulting is applied. The ridges end abruptly on the north, while those
of the next block begin gradually; this expressive feature being fre-
quently repeated from here northward.

The Simsbury block is, as already stated, faintly separated from the
East Talcott block on the south, the offset of the main sheet measuring
perhaps 600 or 700 feet, and the line of the fault being located by a
well-defined oblique gap with advancing displacement; but, as has been
stated, the fault disappears before reaching the anterior sheet, and the
displacement here seems to be accomplished by a slight warp, indicated
in a deflection in the course of the trap ridge. The bounding fault on
the east side of the block and the subordinate faults within the block
can not be traced east of the posterior ridge, although if the sandstones
were laid bare of their drift cover it is highly probable that these faults
could be followed along curved courses until they met some of the faults
of the New Britain region. ;

Following the block to the northwest, one sees that it merges with
the East Talcott block, but the somewhat broader block thus formed is
well separated from the West Talcott block by the fault that produces
the offset and overlap at the deep-worn entrance of Weatogue Gap. It
seems probable that this fault may cross the northern intrusive sheet
in the neighborhood of the Barndoor Hills, for here occurs the most
distinet retreating offset of that range, as if to be correlated with the
strong retreating offset between East Talcott and West Talcott moun-
tains; but the fault between the two Barndoor Hills, as locally deter-
mined, is deflected to the west of south, and would not reach the
Weatogue Gap unless strongly curved. The subordinate faults of
Simsbury Mountain may be correlated with the notches in the intrusive
range southwest of Granby village, and the north-bounding fault may be
plausibly carried through the gap north-northwest of the village. Itis,
however, quite possible that if the sandstone floor were visible a some-
what different arrangement of fault lines would be discovered; for it
must be remembered that the intrusive sheets may themselves have
broken obliquely and intermittently through the sandstone, and that the
arrangement of their ridges, here interpreted as the result of faulting,
may be to a greater or less degree the result of original intrusion.
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Although possible, this is not thought to be probable; for in the few
places where outcrops permit observation, breccias have been found
in the gaps and notches of the intrusive ridges, thus indicating that
faults have been controlling factors in locating the gaps here as well ag
in the once undeniably continuous sheets of the middle lava flows.
Granby block.—The separation of this block from its neighbor on the
north is not demanded by
the small amount of disloca-
tion between them, but it is
convenient to give the twg
blocks separate names on
account of the absence of the
anterior sheet in the north-
ern of the two. Like the
main ridge of the Simsbury
block, that of the Granby
blockis subdivided by minor
faults, the first two being
identifiable in their oblique
extensions a little east of
south across the posterior
ridge, but becoming doubt.
ful when projected in the
otherdirection on account of
the weakness of the anterior
ridge near the termination
of its lava sheet; while the
third fault dislocates the an-
terior but not the posterior
ridge. The north-bounding
fault defines East Granby
notch. The interest in this
block centers in the peculiar
dislocations of its northern
end, ingeniously explained
by Mr. Kiimmel as the result
of an exceptional northeast-
sonthwest fault (I, fig. 24)
through Vineyard Gap,
which is supposed to cross
three northwest-southeast faults, F,, F,, I';, The northernmost of the
latter is the bounding fault of the Granby block, with a throw of 200
feet or more, against which the subanterior sandstones, the anterior
trap, the main trap, the posterior sandstones, and the posterior trap all
end in abrupt bluffs of appropriate form, beginning again, after a slight
retreating offset and overlap, in the next block. The adjacent north-
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F1G. 24.—Abnormal fault in Granby
yard Gap.
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west-southeast faults cut off two slabs from Hatchet Hill, the chief
main ridge of the Granby block. The irregular dislocations of the main
sheet, as well as the peculiar forms of bluff and trail in the main ridge
of each slab, may be fully accounted for by the faults as here figured,
but the behavior of the subordinate ridges causes some trouble. Two
portions of the anterior are missing, as indicated by dotted lines in the
figure. This may be partly the result of low erosion near so many fault
lines, and partly the effect of burial under drift, for a large drumlin
occurs on part of the area of the southern missing member. The
absence of a posterior ridge in the village of East Granby may be
accounted for as the result of weakness due to its intersection here by
one of the subordinate faults of the Suffield block; and its continuity
farther south, where it should be dislocated, may be explained by sup-
posing the fault, which breaks both the anterior and the main ridges, to
die out before reaching the posterior. The difficulty in this case does
not lie in any inherent improbability in the suggested arrangement of
fault lines, but only in the absence of outerops, by which the sugges-
tions might be proved. The scarcity of outerops is particularly to be
deplored, for here the explanation offered is of an exceptional char-
acter, not supported by repetition of its essential features elsewhere,
and hence demanding much fuller local proof than is needed to confirm
the existence of any one of the numerous faults farther south, that so
plainly belong to a single system, where the evidence in one example
supplements that in another. Manituck Hills, two large members of
the intrusive range, probably belong in this block.

Suffield block.—The only members continuously recognizable in this
block are the main and the posterior trap sheets. The southern part of
the main ridge includes Peak Mountain, or Copper Hill. The anterior
sheet weakens and disappears, except for two small ledges near the
southern side of the block, at the old copper mine, known as Newgate
Prison, and the outerops of the posterior shales and sandstones are
much interrupted. Apart from the peculiar dislocations already
described under the Granby block, there are only two special features
to be noted here. First, the broadening of the main ridge in Bald
Mountain, near the middle of the block, apparently the result of two
very oblique minor faults of 150 and 500 feet throw, the course of the
faults being indicated by ravines, trending nearly north and south.
The narrow block of trap between these fault ravines forms Bald
Mountain. It has a bold bluff on the north, while the ridge to the
east gradually trails away southward., Bluffs and talus slopes occur
on both sides of the fault ravines. It is to these faults that we may
ascribe the weakening of the posterior ridge in the village of East
Granby, as above stated. Second, near the village of West Suffield
thes posterior ridge offsets and overlaps in such manner as to indicate
three parallel faults, strongly oblique and close together, of moderate
displacement. The effect of these faults on the main sheet may be
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perceptible in the low gap of Rising’s noteh, just north of the State
boundary, but it is not certainly identified.

MOVEMENT ON BEDDING PLANES.

It is not uncommon to find the bedding planes of shales more or less
slickensided, with the striations about in the direction of the general
dip of the monocline. Sometimes a very perfect mirror surface is thus
produced. The sandstones are much less affected in this way. The
trap sheets show practically no signs of such disturbance. The amount
of movement thus indicated does not seem to be large, and it does not
appear to have been attended by any other consequences than these
subordinate results of frictional slipping. In this coneclusion it is nec-
essary to differ from that reached by Dana, who thought that the
bedding-plane movements produced overthrusts of sufficient magnitnde
to pack the strata together in a mass of greater thickness than it orig-
inally possessed. He wrote: ¢ The abraded surfaces of the beds, exten-
sively exhibited in some regions, indicate that there was a vast amonnt
of intestinal movement as well as ordinary faulting. The sandstone
should therefore have acquired its greatest thickness, from piling on
itself, on the side of the area in the direction of movement; that is,
on the west side in the Connecticut Valley.”!

MARGINAL FAULTS.

The faults thus far described traverse the Triassic formation obliquely
with varying throw. They are best defined where they cross the trap
ridges, but in a few cases they have been plausibly traced through the
sandstones to the border of the formation on the east and west, where
they determine the present boundary between the Triassic lowland and
the crystalline upland for a greater or less distance, as indicated by
full lines in fig. 25.- This is best seen in the two northeast stretches
of the eastern boundary, from South Glastonbury to South Manchester,
and from Vernon to Rockville, already mentioned in connection with
the Lamentation block. On the western border the effect is much less
marked, and is seen distinetly only for short distances on the sides of
the Lamentation block, southwest of the two notches that limit Bethany
Mountain, and at certain points farther north. Near Bethany Moun-
tain the same two faults that deflect the eastern boundary for so great
a distance cause only slight offsets and overlaps in the western bound-
ary. The reason for this change is probably to be found chiefly in a
diminution of the fault movement, but it may also depend on condi-
tions discussed on page 130.

‘We have now to inquire whether other parts of the Triassic boundary
may not be determined by faults. It should be recalled in this connec-
tion that the present boundary stands in an indefinite relation to the
original boundary of the formation. Since deposition was interrupted

1 Manual of Geology, 1896, p. 800.
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by uplift, there has been ample time for the denudation of great bodies
of crystallines, as well as of less resistant sandstones, as will appear
more fully in Part III. The hypothesis of a widespread Triassic cover,
stretching far across the crystalline areas, is not to be excluded because
of any difficalty in disposing of its lost parts; for in Jurassic, Creta-
ceous, and Tertiary time good-sized
mountain ranges might have been laid
low. The objection to a very broad
original area of the Trias lies first in
the absence of direct evidence indicat-
ing the existence of such a cover, and
more pointedly in the occurrence of
coarseconglomerates along thepresent
border, with pebbles that are fre-
quently identifiable in the neighbor-
ing rocks of the crystalline uplands.
It would appear from this that the
Triassic shore line was not very dis-
tant from the present border. An
original breadth 10 or 20 miles greater
than the present breadth is the utmost
that known facts demand.

The present inquiry is to determine
whether the existing boundary of the formation marks the present limit
of partial stripping of the formation from its foundation, or whether it
marks the line of various faults which have brought the sandstones
and erystallines together on either side of a steep-dipping fracture, asin
fig. 26.

Western boundary.—The western boundary, as a whole, seems to be

F16. 25.—Plan of marginal faunlts.

%

F16. 26.—Western boundary, determined by faulting.

independent of faults. The long, straight streteh of the Southington
district (S, fig. 25), where the basal sandstones and conglomerates
appear to lie normally upon the crystalline slope of the Western
Uplands, indicates merely a slow stripping of the weaker formation from
the resistant loor on which it lies. This simple relation seems to prevail
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for about 20 miles, from Bristol to Bethany Mountain; then it is
briefly interrupted by the offsets above mentioned, only to be reestab-
lished parallel to West Rock ridge, and thence southward to the sea-

shore, a distance of a little over 10 miles. It should be remembered,

however, that in the total distance of 30 odd miles thus included the
basal beds of the Trias are actually seen in contact with the crystallines
only at the single locality of (Southington) Roaring Brook. Everywhere
else the two sets of rocks are separated by the universal drift cover;
but as far as outerops near the boundary bear testimony, the relation of
normal superposition prevails.

The faults that repeatedly disloecate the extrusive flows seem, as a
rule, to die out before reaching the western border. The five well-
determined faults between West Peak and Farmington are not traceable
to the crystallines. Their extinction recalls the disappearance of the
strong Farmington fault at its north end in Weatogue Gap, where,
after breaking the main sheet, it fails to dislocate the anterior.

North of Bristol there are several localities where the boundary

L

F16. 27.—Outlying area of sandstone, western boundary.

appears to coincide with fault lines rather than with the normal contact
surface. The distinct change in the direction of the boundary from the
north-south Southington stretch to the oblique north-northeast trend
from Polkville to West Avon (P, fig. 25) is suggestive of the truncation
of the formation hereabouts by a fault with uplift on the west: and this
is countenanced by the parallelism of this trend with that of the faults
in the Farmimgton ridges farther east. There is some local evidence
of faulting, but there is no opportunity for certain determination.
Between Canton and Unionville, in the valley of (Canton) Roaring
Brook (C, fig. 25), there appears to be a down-faulted wedge of sand-
stones, unconformably overlying the crystallines on the west, and
apparently cut off from a hill of crystallines on the east by a normal
fault, as in fig.27; but outerops are so few and far between that this
can be only a tentative explanation. The long intrusive ridge east of
North Canton is separated from the crystallines by a deep, narrow
ravine, with walls of trap and schist, and it is believed that this is
determined by a fault of moderate downthrow on the east (NC, fig. 25).
Farther north, toward Granby, there are several short stretches where
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the crystalline border does not stand parallel to the strike of the sand-
stones and conglomerates, and where faults are therefore inferred: but
in these cases the faults must have upthrow on the west. From Grlmnby
northward there is no indication of faulting along the boundary.

Taken altogether, the faults on the western border do not seem to
define more than 12 or 15 miles of distance, or about a quarter of its
length. They are discontinuous, of small throw, with uplift indiffer-
ently on the east and west. Although somewhat irregular in the
Canton-Granby district, these western marginal faults may be plausi-
bly associated with the great system of curved oblique faults that pre-
vail within the Triassic area, as already described.

HBastern boundary.—In striking contrast with the western boundary,
the eastern border is determined by strong faults through its entire
length. These faults have two dominant trends, north-south and
(about) northeast-southwest. South of Middletown the two trends gen-
erally merge on curved courses; north of that place they are separated
by rather well-defined angles or ¢ corners” of the Eastern Upland.

Sandstone ~.___*T:aps~ RS

/\/\/\AAW/\

FiG. 28.—Eastern boundary, as overlap.

The chief reason for believing in the existence of these eastern mar-
ginal faults is found in the abrupt termination of a heavy monocline of
sandstones, with associated conglomerates, shales, and lava beds, at
the eastern border. Walking southeastward across the strike of the
Saltonstall or Totoket crescents at their middle, or east-southeastward
from the anterior ridge of Higby Mountain, the observer passes over a
continuous series of strata, which may begin with the sandstones and
conglomerates under the anterior lava bed, and pass regularly through
the normal succession into the upper sandstones above the posterior
lava bed, the thickness involved varying from 6,000 to 7,000 feet at
least. Suddenly and with comparatively trifling disorder near the
margin the sandstones are replaced by the erystallines, and the low-
land changes to the upland. It may at first sight seem possible to
explain this by supposing the crystalline floor to descend very gently
under the Triassic strata, whose upper beds overlap by increasing dis-
tance to the eastward, as shown in fig. 28; but this possibility is
excluded when it is perceived that all horizons from subanterior to
superposterior strata abut on the boundary in one place or another, in
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consequence of the warping in the crescentic areas. If the Trias lay
unfaulted on the crystalline floor the observed warping of the strata
would require a strong curvature of the boundary, and the crystallines
would advance toward the Triassic area where the strata are warped
upward. Nosuch systematic curvature is to be found. The boundary
line runs straight across the strongly warped arch where the crescents
of Saltonstall and Totoket mountains are separated, and its general
trend is well preserved southwestward from the end of the main sheet
in Branford across the lower sandstones to New Haven Bay, and again
northward from Lake Quonnipaug across the posterior, main, and
anterior lava beds, and the associated sedimentaries on the north end
of Totoket. Itis, therefore, not conceivable that the surface of separa-
tion between the Trias and the crystallines hereabouts should stand

U

F16. 29.—Eastern boundary, as determined by a fault.

otherwise than nearly vertical, and in such a position it must be inter-
preted as the plane of a great fault. It is perhapsimaginable that such
a fault might have been developed during the period of deposition, its
downthrow being greater in the middle of the crescents than at their
ends; but while geometrically possible, this is geologically improbable
in a high degree. The surprising accordance of the various members
of the Triassic series involved within the crescents with those found
farther north is not compatible with deposition in various local basins,
but proclaims broad and even conditions of accumulation. Not only
are the lava beds discovered hereabouts with much regularity, but the
anterior and posterior shales, with their fossils, are found hardly a mile
from the crystalline border, the anterior shales under the northern
curve of Totoket, and the posterior shales near the southwestern end
of Pond Mountain. This can mean only that we have here to deal
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with a great series of even deposits, afterwards warped and faulted.
The eastern boundary in this locality must be a fault line, and in the
middle of the crescents the throw must be at least 6,000 or 7,000 feet,
as in fig. 29.

Still farther evidence of the marginal fault is found in the trough of
low ground that is traceable almost continuously along the boundary
line, this feature being better defined here than farther north. At no
place do any members of the Totoket block come in contact with the
crystallines; thereis always a drift-covered depression between the two.

Considering the magnitude of the fault, there is singularly little dis-
turbance in the adjacent rocks, the only important instance being in
the Saltonstall Mountain crescent. Here Percival’s “second posterior”
trap ridge,' near the village of Branford (B, fig. 25), is interpreted by
me as a dragged portion of the normal posterior. The reasons for this
interpretation are as follows:

The extrusive nature of the trap has already been shown (p.72).
It is in a remarkable degree improb-
able that here only in the whole val-
ley a second posterior lava bed was
poured out and preserved. The upper
horizons are abundantly represented
farther north without a sign of trap.
The ridge has not the northwest out-
crop face and southeast back slope
elsewhere so generally found; it faces
southeast and slopes northwest,
Sandstones and conglomerates are
seen beneath its face with accordant
northwest dip of moderate measure.
Breccias of trap and sandstone, as in fig. 30, are disclosed in a trans-
verse road cut, showing that the mass is disturbed by minor faults,
Putting all this together, the most probable explanation for the ridge
makes it a large fragment of the posterior, dragged upward by the
movement of the great marginal fault which passes close along its
southeastern base, and at the same time tilted from the usual southeast
dip of this district to a northwest dip. A. diagram of the inferred rela-
tion is given in fig. 31.°

There is a small part of this peculiar ridge that has given rise to
diverse interpretations. This is a ledge of firm trap just south of the
crossroad; it seems to dip steep to the southeast, and it is (apparently)
overlain conformably by a conglomerate. This view was taken by
Hovey.*

Fi1G. 30.—Breccia in posterior ridge, mear
Branford.

1Geology of Connecticut, 1842, p. 825.

2The repetition of the posterior trap as here explained depends chiefly on faulting, and this seems
preferable to repetition by warping, as figured in the Seventh Annual Report of the U. S. Geological
Survey, p. 480; for, as Hovey has shown, the necessary warping is not permitted by the observed dips.

3 Am. Jour, Sci., 3d series, Vol, XXXVIII, 1889, p. 372,
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The opinion here preferred is that this is only a local overturning of
a small block of trap with its under conglomerate. The trap being
shown to be extrusive by evidence of larger areas near by, the dense
trap here seen must be referred to the bottom of the sheet, where such
a texture is normally found.

TFrom New Haven Bay to Quonnipang Lake (Q, fig. 25), the marginal
fault may be treated as belonging with the series of oblique faults by
which the Trias is broken into blocks. As such, it stands roughly
parallel to the fault on the other side of Totoket block, which has been
described as running from about East Rock through the valley between
Totoket and Paug mountains. Accepting this suggestion, we are led
to look for the continuation of the marginal fault northeast from Lake
Quonnipaug through the erystallines; but a careful search through the
wooded hills and valleys failed to discover decisive evidence of it.
There is truly a certain alignment of valleys through Rockland, past
Candlewood Hill, and on to the Connecticut, a little above Higganum,
all trending fairly well in prolongation of the marginal fault; but the

\ O
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F16. 31.—Diagram section of marginal fault, Saltonstall crescent.

settlement of the matter must be left to future work on the crystallines
themselves. If it should appear that the oblique fault is thus pro-
longed, the short northward marginal stretch from Lake Quonnipaug
to the corner of the upland near Mount Pisgah should be set apart as
belonging with the north-south group of faults.

The long curve of the eastern border from Mount Pisgah to South
Glastonbury is not marked by a persistent depression; indeed, the
outcrops of sandstone are often found upon slopes that lead directly
to the upland hilltops. Yet a fault is confidently believed to run along
this line, for, as in the previous examples, the sandstone monocline is
abruptly cut off at the boundary. Moreover, there are in this stretch
of the border many local irregularities in the dip of the sandstones and
conglomerates such as have been found nowhere else in the valley low-
land. There are also certain characteristic features in the crystalline
rocks near the border line, especially north of the Connecticut, that
are not noticed in the body of the upland. The greater development
of chlorite along the border is a marked occurrence. Microscopic
examination shows that the crystals of the different minerals in the
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schists and gneisses are commonly broken; in many places near the
border the simple gneissic or schistose structure has been lost, and
the rock appears to be twisted or broken. This is the more noticeable
because the belts of the various crystalline rocks trend northeast away
from the marginal faults hereabouts, and thus the change in the charac-
ter of various belts may be observed as they approach the marginal fault.
The bordering parts of the crystallines is sometimes a loose breccia. as
in the quarry for road metal at South Glastonbury; sometimes it is
recemented into an exceedingly tough rock by quartz or chlorite, or by
barite. Although to-day a firm rock, none of its fragments are found
in the neighboring Triassic conglomerates; hence it is thought to be of
later origin than the conglomerates. Taken altogether, these marginal
features of the crystallines are strongly confirmatory of the existence
of a post-Triassic marginal fault.! Where the Connecticut flows into its
gorge in the Eastern Upland below Middletown, the uplift of the fault
is estimated at more than 7,000 feet. The measure is somewhat uncer-
tain; first, because of the uncertainty as to the thickness of the Triassic
series here, and second, because of our ignorance as to the height at
which the Triassic floor once stood above the present cerystalline upland
on the east of the fault.

At the Mount Pisgah corner the curved marginal fault appears to be
the continuation of the fault between the Totoket and Paug blocks,
described on page 96. Likewise, at the South Glastonbury corner the
marginal fault may continue its northward course across the long
oblique fault that separates the Higby and Lamentation blocks (p. 103),
thus leading it directly into the great drift-covered Triassic area of
Glastonbury and East Hartford, and thence indefinitely beyond. There
is, unhappily, no means of deciding this possibility, but we believe the
witnesses in the case are silent because they are all gagged by drift,
and not at all because they have nothing to say. If, asis probable, the
fault continues into the drift-covered area, there are some interesting
consequences of its displacement that deserve brief consideration.

Problem of the South Manchester corner.—Let it be assumed that the
north-south marginal fault runs indefinitely northward, maintaining
the throw that it has at the South Glastonbury corner (S G, fig. 32).
Inasmuch as the north-south and the oblique faults both appear to
have steep fracture planes, and as the movement on these planes may
be, with small probable error, taken as parallel to their line of inter-
section, neither fault is represented as displacing the other in the fol-
lowing diagram. While the marginal north-south fault follows the
Triassic border south of the corner, its throw, ¢, is equal to the sum of
three quantities: the depth, ', of the Triassic floor beneath the lowland
surface west of the fault line at B, plus the height, %, of the upland
above the lowland, plus the unknown height, y, of the lost Triassic

18ee L. 8. Griswold, Bull. Geol. Soc. America, Vol. V, 1893, p. 524.
18 GEOL, PT 2 9
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floor above the upland next east of the fault at D; or t=a'+h+49y. A
reasonable value for 2/ is 4,000 or 5,000 feet.

The oblique fault has its downthrow on the northwest, with a move-
ment of / feet. All horizons in the Lamentation block must stand f feet
lower than they stand in the Higby block. The Triassic floor, for
example, must lie / feet deeper at A than at B; similarly, the floor must
lie / feet lower at C than at D. At C the lowland is occupied by the
Trias, of depth 2/, while at I the upland is occupied by the crystal-
lines, above which the Trias
once stood at the height w.
It follows from this that
S=a!" 4 h4y,or &' =f—h—y.
The general difference, i, be-
tweenlowland and upland here-
abouts is roughly 400 feet.
The throw of the oblique fault
is probably 2,000 or 2,500 feet.
Adopting the smaller value,
we have a//'=2,000—400—y.
Hence, even if y be zero, the
depth of the sandstones at C
is at least 1,600 feet. The
crystalline floor would here be
found in bored wells of no great
depth. IFurther, if this be the
true state of the case, the
sandstones about O can not
belong to the upper division of
the formation, like those about
A, but must be the lower sand-
stones, which are elsewhere
found only west of the trap
ridges. It is unfortunate that
for the present this conclusion
F16. 32.—Diagram of the South (;lastonbury and South is reached only by geometrical

Manchester corners.
argument from a postulate as to
the probable path of the north-south marginal fault; but the conclusion
is so surprising and so peculiar that it seems to deserve statement in
order to serve as a test of the postulate on which it rests, when oppor-
tunity arrives.'

The oblique stretch between the South Glastonbury and South Man-
chester corners has already been described (p. 103). Next comes the
north-south border between the South Manchester and Vernon corners.
Here, in addition to the general evidence of faulting from the termina-
tion of the Triassic monocline—evidence of comparatively small value

S
V7

IThis argument was first worked out by L. S. Griswold, Bull. Geol. Soc. America, Vol. V, 1893, p. 528.
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because the outcrops of sandstone on the lowland are few and far
between—there was by good fortune an opportunity of finding the
actual contact fault plane by a small amount of digging near a paper
mill at Highland Park. The contact surface of the Trias and crystal-
lines was found to have a dip of 55° to the west, with strike north and
south. The conglomerate and sandstone layers dipped 45° W., as if
showing a strong drag from the usual eastward dip of the Triassic
monocline. Near the contact the erystallines were much shattered and
decomposed. The field relations left no doubt that the contact marked
the plane of the marginal fault.

The throw of this fault is not directly measurable, for no values can
be given to the depth of the Triassic floor under the lowland west of
the fault or of the height of the floor above the upland east of the fault.
By means of a series of not unreasonable postulates and geometrical
constructions, similar to those employed about the South Glastonbury
corner, some interesting results may be obtained; but so long as the
postulates have no sufficient proof in observed facts, it does not seem
necessary to rehearse them here.

RELATIVE AGE OF TRAP SHEETS AND FAULTS.

In the early period of more speculative study of the Triassic forma-
tion, when all the trap sheets were commonly regarded as intrusions,
it was supposed that the date of their intrusion was later than that of
the tilting of the monocline. The faults, whose existence was at that
time merely based on the assumption that so great a monocline could
not be an unrepeated series of strata, were associated in date with the
time of tilting: and thus the intrusion of the trap sheets was held to
be later than the tilting and faulting.

‘When the extrusive origin of certain of the trap sheets was recog-
nized, those sheets were seen to be of much earlier date than the time
of faulting; but doubt remained as to the date of the intrusions. The
prevalent opinion was still distinetly in favor of assigning them a date
later than the tilting, and hence presumably later than the faulting.
This was explicitly argued for the Palisade sheet in New Jersey by
Cook and others, as well as for the sills of East and West rocks near
New Haven, by Dana. Hovey stated in his earlier paper that the “true
dikes do not appear to have been faulted, and therefore must have been
formed since the tilting of the strata”'; he atterwards found that one
of the largest of the Fairhaven dikes is slickensided, and recognized that
“some differential movements in the region have acted on the trap as
well as on the sandstone.”? There is, indeed, much to be said in favor
of the view that the sills and dikes, as well as the flows, are of earlier
origin than the disturbance by which the faulted monocline was
produced.

There is, in the first place, no inherent probability that the sills must

! Am. Jour. Sci., 3d series, Vol. XXX VIII, 1889, p. 382.
2 Am. Jour. Sci., 4th series, Vol. I1I, 1897, p. 289,
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have been intruded after, rather than before, the tilting of the strata
that include them. Sills of considerable extent and of nearly hori.
zontal attitude in nearly horizontal rocks are known elsewhere, as in
the famous ¢ whin sill” of Yorkshire, England, or in a well-defined
example on the walls of Purgatory River Canyon, Colorado.! It might,
indeed, be argued that as the intrusive and extrusive sheets are all so
much alike in composi-
tion, the burden of proof
rests on those who would
maintain a considerable
diversity of age for them.
But all this leads to no
definite conclusion. The
only means yet invented
of dating the intrusions
are by the relative ar-
rangement of the sev-
eral ridges formed on the
sills and on the flows,
and still more positively
by the breccias found in
the notches of the intru-
sive ridges where they
are crossed by the ob-
lique fault lines of the
lowland system.

The general arrange
ment of the ridges on
sills and flows is strik-
ingly similar. South of
Hartford both are pre-
vailingly placed in ad-

— vaneing order; north of

o) that city, in retreating

% order. The faults bound-

ing the Lamentation
‘{7 block in particular have
been shown to dominate
the arrangement of the
western as well as that
of the eastern ridges. Bethany Mountain, the intrusive member of the
Lamentation block, has every appearance of being a fanlted member
of the sill, elsewhere continued in the West Rock ridge on the south
and in Gaylord Mountain ridge on the north. The several oblique
notches hereabouts (fig. 33), with their advancing offsets and overlaps,

¥16. 33.—Displacements of trap ridges near southwest end of
Lamentation block.

! Russell, Jour. Geol., Vol. IV, 1896, p. 178.
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accord perfectly with the effects of the northeast-southwest system of
faults, as determined elsewhere. The crystallines (hydromica-schists)
enter the angle west of Bethany Mountain and south of the terminal
bluff of the Gaylord range, and are obliquely cut off across the trend of
their foliation by a narrow valley, located on the path of the presumed
fault line. :

East Rock is separated from Indian Head by what may be called a
double-notched valley—that is, the gap between the two rocks is not a
simple V-shaped notch, but, as described by Dana,' has a low ridge of
trap in its middle, so that its shape somewhat resembles a W. The
direction of the little ravines on either side of the medial ridge is
northeast.

The northern division of the western trap ridges exhibits the retreat-
ing order of the northern extrusive ridges, as if both arrangements
were controlled by a common cause. Local study of the Barndoor Gap
convinces the observer of its dependence on faulting, although he may
not be able to lead others to his conclusion, as the evidence is general
rather than specific.

It might be contended that an intrusive sill guided by some easily
split stratum would follow the lead of that stratum even after it had
been faulted, and thus the sill would come to have an apparently dis-
located arrangement, even though the intrusion was later than the
faulting. While this may be possible, it does not seem to be very
probable. It is more reasonable to suppose that an originally contin-
uous sill, roughly accordant with the bedding, was dislocated along
with the flows and the rest of the formation, and that the present
advancing and retreating offsets and overlaps are thus to be explained
in the western as well as in the eastern ridges.

This conclusion is well supported by the bands of breccia or thor-
oughly jointed structure that are occasionally found in the notches of
the western ridges, on the line of faults that come obliquely across the
lowland from the eastern ridges. The trap is much jointed in the
Bethany notches. Trap brececia is distinctly seen in the stream that
follows the notch just north of Mount Sanford, and here the sandstone
on the northwest may be seen abutting against the dense trap on the
southeast of a vertical plane of separation which strikes in accord
with the local fault system. A few signs of brecciation have been
noted in some of the gaps of the Barndoor Range, where, as above
stated, the arrangement of the adjacent ridges has every appearance
of dislocation by faulting. In the fourth notch west of Barndoor
Gap the trap is finely splintered, as if near a fault line. Belts of
breccia and slickensided joints are seen in a trap ridge farther south,
where cut by the Central New England and Western Railroad. Their
bearing varies from northeast to east-northeast. Although not accord-
ant with the system of curving faults shown in the extrusive ridges,

! Am. Jour. Sei., 8d Series, Vol. XLII, 1891, p. 97.
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these breccias and slickensides clearly prove that some movement has
taken place since the sill was intruded. The next small trap ridge on
the south is displaced from the larger one in which the railroad cuv is
made precisely as if dislocated by a northeast fault of moderate throw,
The same is true of a second small ridge a quarter of a mile farther
south. The indications of faulting in the dikes north of Mount Carmel
have been stated on page 104,

When all these significant facts are considered along with the pecu-
liar sympathy in the order of arrangement between the eastern and
western ridges, it seems conclusive that the dikes and sills, as well
as the sheets, were present before the formation was disturbed, and
that all suffered tilting and faulting together. Looking at the forma-
tion as a whole, the sills as well as the flows may be called contem-
poraneous, because they were intruded before the beginning of the
deformation that put a stop to deposition. It need not be argued from
this that the sills of East and West rocks ever formed a continuous
sheet, or that the various members of the Barndoor Range ever formed
a single sill close to the bedding planes of the sandstones, but it may
be argued that before the time of dislocation the sills were much more
nearly continuous sheets than they are now.

SUFFICIENCY OF THE EVIDENCE OF FAULTING.

In Part I the system of faulting now described was provisionally
accepted, and the whole discussion under which the sheets of the east-
ern ridges were shown to be fragments of only three extrusive flows was
founded on this acceptance. At the beginning of this chapter it was
stated that the theory of faulting wonld be tested by accepting its
results and employing its language, while reviewing the distribution of
the various members of the formation. This has now been done, and
the value of the theory, particularly with regard to the oblique faunlts
within the Triassic area, must be estimated. Its merits and deficiencies
may be briefly summarized.

The theory of faulting leads through logical geometrical deduction
to a variety of peculiar and highly specialized consequences. When
these are confronted with the facts of observation the two groups are
found to agree in a remarkable manner. It is well known that the
verity of a theory is tested by agreement of this sort; and further, that
the degree of verity, if such an expression may be used, is measured
not only by the accuracy of agreement, but by the complication and
specialization of the factors in the groups of deduced consequences and
observed facts, respectively. In the problem under discussion it may
be fairly claimed that the complication and specialization of both
groups of factors are so great that their agreement by chance is out of
the question. The agreement that they show can mean only that the
theory from which the complicated consequences are deduced is a cor-
rect one,
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The theory of faulting reduces confusion to order. This must be
sufficiently clear from the special accounts given above of the various
trap ridges. The possivility of reducing the labyrinth of trap ridges
in the district bounded by Hartford, Middletown, Meriden, and New
Britain to a reasonable geometrical system is alone a strong argument
in favor of the scheme by which the reduction is accomplished. I can
recall very distinetly the meaningless confusion of the trap ridges
between Meriden and Westfield when first seen, over ten years ago,
before any suspicion had arisen that the anterior, main, and posterior
ridges, as described by Percival, were perhaps dislocated repetitions of
a single series of lava beds, and that their terminations might be con-
trolled by a system of oblique faults. The turbidity of the view, in
regard both to structure and to topography, as seen on that day’s walk,
was clarified only as the systematic peculiarities of arrangement were
perceived and a scheme to account for them was invented.

The theory by which confusion is reduced to order has the great
merit of calling for only one essential element in itself. The repeated
operation of a single simple process is all that is needed. With every
repetition the signs by which it is known are more easily and certainly
recognized. In thisrespect the theory of faulting resembles the theory
of extrusion for the trap sheets of the eastern ridges.

The theory of faulting reduces complexity to simplicity. This alone
may perhaps not be regarded as competent testimony in its favor, yet
it has a certain value which deserves mention. It is not to be denied
that the processes of nature could, in their marvelous variety of action,
produce successive intrusions and eruptions as great in number and as
peculiar in distribution as the lava sills and flows that may be counted
in the separate trap ridges of the Valley Lowland ; yet no one can avoid
leaning in belief toward the simpler process of origin, on finding that
it is permitted by the theory of faulting. When, further, it is found
that the assumption of many independent intrusions and eruptions in
an unfaulted monocline involves the accidental origin of repeated sys-
tematic arrangements of outerop, while the theory of two sills and
three flows in a faulted monocline gives immediate explanation for
these peculiar arrangements, choice is soon made between the two.

The theory of faulting correlates many facts, previously noted, but
not seen to have any bearing upon one another. Most notable among
these is the arrangement of the ridges in what Percival empirically
ralled “advancing order” and “retreating order,” now seen to be a
natural consequence of faulting and erosion. The form of the ridge
endings is most peculiar. South of Hartford the south end of a ridge
usually ends in a bluff, while the north end falls off in a long, slowly
descending trail. North of Hartford this arrangement is reversed.
This is, like the advancing and retreating order of dislocation, a nat-
ural consequence of faulting and erosion, as will be more fully stated
in Part III. The systematically truncated ridges of conglomerate or
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sandstone associated with the truncated trap ridges are inexplicable
on any other ground than faulting. Finally, there are the many points
of detail, such as the oblique gullies on the back of the trap ridges,
the variations of dip in the sandstones along the supposed fault lines,
and the occasional exposures of “clay dikes,” or fault breccias. A
theory that gives rational correlation to so many facts must command
confidence.

The theory of faulting has the further recommendation of explaining
much more than it was intended to explain, of giving rational meaning
to many facts not known when it was first conceived. There was at first
no suspicion that its application wonld be so general, that it would so
effectually account for all the ridges from Branford to Granby as the
outeropping edges of only three lava beds. Indeed, for a number of
years the ridges of the Cedar Mountain block were thought to call for
one or more supplementary trap sheets; their final reduction to orderly
members of the general series was a most gratifying warrant of the
theory, lacking only the addition of the anterior shales and trap west
of Cedar Mountain—carefully searched for, but not found—to make it
perfect. Likewise, there was at first no thought that the fault lines by
which the Lamentation block is locally bounded between Meriden and
Westfield would account for various breccias and disturbed dips, and
for the Bethany notches in the intrusive ridge, all afterwards found to
lie on the extension of the fault lines. When these aberrant phenomena
were found to fall in line with the ridge endings of the extrusive flows,
assurance was made doubly sure.

The theory of faulting has even another and a final recommenda-
tion: it supplies, to a limited degree, the power of prediction. A fault
once well defined by several ridge endings serves to foretell the
endings of subordinate ridges before they are seen. This test has been
frequently applied in the field, and with remarkable success. Critical
points are thus quickly searched for, located, and examined. If the
drift did not so generally limit the opportunity for observation, predic-
tions might be made and verified in much greater detail. The theory
of faulting, far from asking for support from its advocates, becomes
their guide.

The deficiencies of the theory lie rather in the difficulties of applica-
tion than in any vagueness of its deductions. Close and continuous
observation of outerops being impossible, the faults as drawn upon the
map are probably too few and too simple. Many small faults are lost
to sight. The larger faults, represented on the map by single lines, are
probably compound, comminuted fractures. The branching faults that
seem well proved in a few places suggest the occurrence of similar com-
plications on a smaller scale elsewhere. The large district northeast of
Hartford is doubtless faulted thoroughly, but it must remain a blank
onthemap. In the New Britain-Meriden district, and in a smaller area
about East Berlin, doubt must still attend the interpretation recorded
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on the map; it may claim to be reasonable, and in most cases probable,
but it does not reach the grade of certainty. Over the formation as
a whole, if the drift were stripped off and the rocks laid bare, the
faulting would probably be found much more extensive and intricate
than it is represented on the map; but the main faults by which the
larger blocks are separated are thought to be correctly located.

It may seem to the reader that undue attention has been given to the
demonstration of geological structures so commonplace as faults; but
it must be remembered, after all that has been said about them, that
they are still imaginary, as far as direct observation goes. It is true
that at a few points trifling exposures of breccia or slickensided sur-
faces are found; but these alone would by no means suffice to prove the
existence of an extensive system of fractures, many miles in length and
thousands of feet in depth. They are not known by observation; they
are entirely the creation of inference and argument. They can there-
fore be assured only when the inference is legitimate and the argument
logical. The erection of these creatures of the imagination to equal
rank with observed facts is not a light undertaking.

THE ANTERIOR AND POSTERIOR FOSSILIFEROUS BLACK SHALES.

The occurrence of black shales containing fossil fish and impressions
of plants at various points in the Valley Lowland has long been known.
While heretofore of value in determining the geological age of the
formation as a whole, their value in this report lies chiefly in the
confirmation that they give to the theory of faulting. They are there-
fore now described in supplement to the preceding paragraphs regard-
ing the value of the theory of faulting in leading to correlations and
predictions.

When the dislocation of the various blocks into which the Triassic
formation is divided was perceived, it became plain that certain of the
beds of black shale might prove to belong to a single horizon. If so,
their correlation might well be claimed as testimony in favor of a theory
that was framed without a thought of its bearing on these beds.
Furthermore, it was soon perceived that if the beds of shale were thus
correlated, and if, as in the case of lava beds, various scattered
localities of black shale were shown to belong to only a few horizons,
it would then be possible to trace the approximate positions of the
shale horizons in the various faulted blocks, and thus perhaps find new
localities at designated points, or at least within designated limits. If
in a formation so generally unfossiliferous as the Connecticut Trias
such a search proved successful, it might be claimed as a thorough
test of the prophetic powers of the theory of faulting, after which no
further tests need be asked for. It is therefore chiefly with regard
to their correlation and prediction that the fossiliferous shales have
been studied. At the same time, a fine collection of plants and fishes
has been brought together and deposited in the National Museum at
Washington, awaiting special study.
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On reviewing the recorded localities at which the black shales were
known to have yielded fossils, it was found that with a few exceptions
all of them fell either into the anterior shales 50 or 100 feet above the
anterior trap sheet, or into the posterior shales about a third of the
way down from the posterior to the main trap sheet. A simpler or more
satisfactory correlation conld not have been hoped for. Thus encour-
aged, a systematic search for new localities was made at the proper
horizons for a considerable distance along the anterior and posterior
valleys in the larger blocks, from Totoket Mountain northward to the
gorge of the Farmington River at Tariffville. Mr. S. Ward Loper was
engaged as special assistant in this work on account of his extensive
acquaintance with the previously known fossil localities. The drift
cover proved a serious obstacle to success, but did not entirely defeat
the search. After repeated failure to find outerops in the long anterior
valley from Tremont to the north end of Higby Mountain, the shales
holding a few fish scales were discovered in a little ravine near the
north-bounding fault, and on making an opening here, some of the
characteristic fossils of the anterior shales were speedily found. Asso-
ciated with them was a bed of sandstone containing plentiful large
reptilian foot prints. A second attempt was made in the anterior val-
ley of Lamentation block, and as no natural outcrops were seen here,
it was decided to open a short trench as near the proper horizon as
could be determined. A less likely place, as far as local signs are con-
cerned, for this sort of ‘“fishing” could hardly be imagined, but the
shales and their fossils were nevertheless unearthed not 20 feet from
where the opening was begun. Similar black shales were found at
three other points in the anterior valleys farther north—one near the
outlet of Southington reservoir in Bradley Mountain block, another on
the northwest slope of the same mountain, and a third near the base of
the anterior shales on the west slope of Rattlesnake Mountain; but in
all these localities the expense required to make sufficient trenches for
thorough testing was more than could be justified, and the search
there was given up before finding any fossil fish.

Search in the posterior shales was hardly less successful. During
the progress of field work in the various topographic quadrangles my
associates were instructed to keep a close watch along the horizons
where the black shales might be expected, and to examine all outerops
carefully, with a view to opening the beds if they seemed promising.
Two most fortunate discoveries of the posterior shales were made in
this way. Mr. 1. O. Hovey found the shales with fish-prints near the
south end of Saltonstall Pond, about 100 feet beneath the posterior
trap sheet of Pond Mountain. Good specimens of fish and plants
were afterwards taken out from a trench opened here by Mr. Loper.
Later, Mr. E. L. Rice found black shales containing fish prints north
of Rocky Hill village. When further opened by Mr. Loper the beds
yielded the Ischypterus gigas, known in the normal posterior shales
elsewhere, and were therefore held to be of the posterior horizon.
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Both of these discoveries of the posterior shales are of special value.
The first is important because the sequence of main trap sheet, poste-
rior sandstones and shales with fossils, and posterior trap sheet in the
Pond Mountain district is thus shown to be stratigraphically equiva-
lent to that of the same series of aqueous and igneous beds in the Higby
block, where the posterior black shales with fossils have long been
known in a stream bed about half a mile northwest of the village of
Westﬁeld; and where the trap sheets are more generally admitted to be
of extrusive origin, and to be the equivalents of the main and posterior
trap sheets in the various other blocks near by. An extrusive origin
should therefore be assigned to the main and posterior sheets in Pond
Mountain, even if no other evidence on the point were to be found. The
reason that cumulative evidence is desirable here is that these trap
sheets of the Pond Mountain crescent have, in spite of their very vesie-
ular upper surface, with the detached trap fragments in the overlying
sandstone (pp. 67, 72), still been regarded as intrusive sills by some
observers.’

The posterior black shales near Rocky Hill are important in affording
acceptable evidence of the identity of the neighboring trap sheet with
the normal posterior sheet of other localities, and thus resolving a
doubt which, as has already been said, was long felt as to the strue-
ture of that particular region. As now represented on the map, with
colors to designate the various divisions of the formation, and fault
lines distinetly drawn to bound the various blocks, no reason for doubt
may appear; but the case is very different on the ground, where the
trap sheets differ only in thickness, where the anterior, posterior, and
upper sandstones and shales are seldom distinguishable, where the
fossiliferous beds are very rarely found, where the fault lines are invisi-
ble, and where heavy drift covers a large part of the surface. Under
such conditions the discovery of the black shales, with the distinguish-
ing fossil of the posterior horizon, in such position as to fall in pre-
cisely with the scheme that had been tentatively held before, was an
unexpected piece of good fortune. It served finally to confirm the
belief as to the Cedar Mountain anticline, first advocated by Professor
Rice, which had become stronger and stronger as field work advanced
over the debatable area.

Black shales without fossils, as far as examined, were found at Gil-
letts Mills, in the posterior valley of Talcott Mountain, and again in
North Bloomfield, about a hundred feet under the posterior trap a short
distance south of Farmington River, here bearing many plant remains.

Several other localities of black shales at various horizons have not
yet been correlated.? It is very desirable that a careful watch should
be kept by interested observers on the ground for any chance openings
that may in future disclose new localities of the fossil bearing shales.

1E. 0. Hovey. Am. Jour. Sci., 3d series, Vol. XXXVIII, 1889, p. 378.
28, W, Loper, Bull. Geol. Soc. America, Vol. II, 1891, p. 427.
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New horizons may yet be discovered, and it is very probable that the
two horizons here described in the anterior and posterior shales will
each be found to consist of several closely associated beds.

ORIGIN OF THE FAULTED MONOCLINE.

The specific understanding now gained of the attitude into which
the formation has been thrown by tilting and faulting makes it possi-
ble to reach a correspondingly specific determination of the character
of the deforming forces. A plausible solution of this problem was
announced in 1886, and an account of it was given in the Seventh
Annual Report of the Survey. Since then the faulted structure has
been traced over a larger area; the suspected turn from the southwest-
northeast trend of the fault lines in the southern district to the south-
east-northwest trend in the northern district has been fully confirmed;
the extension of the faulting over the drift-covered sandstone area in
the northeast, and to a less extent into the adjacent erystalline uplands
on the east and west, has been shown to be highly probable. But all
this addition of well-proved fact and well-supported probability has not
significantly modified the explanation previously announced. The
argument leading to the explanation having been fully presented
before, it need only be outlined here.

The hypothesis that the present monoclinal attitude of the formation
represents the original attitude of deposition ! need now hardly be dis-
cussed. It was suggested when few of the more detailed facts of
structure now known had been discovered, and it disappears entirely
before the array of structural details concerning the conglomerates
along the eastern border, the extrusive origin of the lava flows, and the
various features of warping and faulting.

The supposition that the monoclinal attitude resulted from the intru-
sion of the trap? is also only of historical interest. It would not be
maintained to-day by its advocates, had they lived to trace the upper
contacts of the passive lava flows and the oblique-and curved paths of
the fault lines. In recent years Hovey suggests that ¢ since the trans-
verse anticlinal (between Pond and Totoket mountains) can not owe its
existence to the general tilting process, it may be assigned to another
one, viz, dikes having a general WN'W. course, most of which have not
vet been exposed.”® This suggestion is not accepted, because none of
the visible dikes in the valley are accompanied by significant deforma-
tion of the adjoining strata.. The heavy sills of the western ridges,
the large dikes north of New Haven, and the great intrusive mass of

Mount Carmel produce no noteworthy disturbance in the general
monocline.

TH. D. Rogers, Third Ann. Rept. Geol. Survey Pennsylvania. 1839; (ieol. New Jersey, 1840, p. 166;
and other authors.

2This view was held by Percival and several other early writers.

3 Am. Jour. Sci, 3d series, Vol. XXX VIII, 1889, p. 380.
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Those who advocated a simple monoclinal tilting of the whole forma-
tion did so before good evidence of faulting transverse and parallel to
the bedding had been found. The facts known to-day would naturally
lead them to modify their first supposition.

Whatever the true explanation of the deforming forces is, it must be
so framed as to account for some very explicit peculiarities of warping,
faulting, and tilting. It must be competent to warp the strata into
crescentic curves of various dimensions, and this without the exertion
upon them of strong lateral compression, of which there are no indica-
tions in cleavage and minor folds. After or in the latter part of the
warping process the deforming forces must break the whole formation
into great blocks of variable breadth and length, sometimes straight,
sometimes curved, here nearly parallel-sided, there wedge-shaped. The
blocks must then be tilted eastward and faulted, with uplift generally
on the east side of the fracture. The faults must affect not only the
Triassic strata, but must penetrate eastward, westward, and down-
ward into the crystalline floor on which the strata rest. That the
crystalline floor should be affected with the rest of the formation has
probably been an implicit condition of all theories of deformation, but
something is gained by raising it to the rank of explicit statement and
recognizing that the sandstones, however great their thickness may
seem when we pace across their strike, are really only a part of the
deformed mass, probably only a small part. The value of the sand-
stones is indeed not so much as a measure of the mass that was deformed,
but as an index of the amount of movement that a great mass of other
rocks suffered along with them.

It seems advisable to attach considerable importance to this explicit
expansion of the problem of deformation, so that it shall concern not
only the Triassie strata, but the crystalline schists as well. This is the
more necessary because of the tendency when studying the schists of
the uplands to regard their existing attitude as having been assumed
at an ancient date and to overlook the probability that their position
was significantly affected by any disturbance so late as in post-Triassic
time. The same tendency may be seen in the study of the Paleozoic
strata of Pennsylvania. It is demonstrable, in the neighberhood of the
tilted Triassic strata of that State, that the dip of the Cambrian beds
in pre-Triassic time differed by 15 or 20 degrees from their dip in post-
Triassic time; yet it is seldom that this angle has been subtracted from
the present dip in order to learn what must be accounted for by pre-
Triassic deformation.

In our own region, when a liberal measure is given to the downward
extension of the fault planes, and a juster idea is thus gained of the
great slabs of crystalline rocks involved in the problem of deformation,
the attention may be more easily diverted from the superficial to the
deeper requirements of the problem. A fuller measure is thus gained
of the facts to be explained, and naturally a safer approach may there-
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after be made toward their true explanation. Treated as in fig. 34,
the fanlted monocline is seen from too near by, and its greater dimen-
sions are not easily realized. Treated as in fig. 35, the relation of the
surface parts to the whole is more easily perceived. It may thus be
seen that a horizontal force, acting eastward near the surface with rela-
tion to the deeper mass and embracing a great thickness of fractured or

F16. 34.—Section of superficial parts of fanlted blocks.

fracturable earth’s crust, would push one slab on another in such a
manner as to produce a faulted monoclinal surface wherve a peneplain
existed before, and that a series of horizontal strata resting on the
peneplain must adjust themselves to the disturbance when it comes.
The slipping of slab on slab would produce faults with uplift prevail-
ingly on the east. The unequal yielding of the different parts of a slab
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F16. 35.—Deep section of faalted blocks of Triassic strata and underlying schists.
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would cause more or less warping at its surface and in the overlying
layers, and in this general way the crescentic structure of Pond and
Totoket mountains may be explained in connection with the monoclinal
faulting. Irregularity of deep structure might result in branching and
curving faults, or it might produce occasional uplifts on the west of the
fault line.! The local shearing forces produced in the faulted blocks

1Seventh Ann. Rept. U é (;o]. éu—r:e;, 1888, p. 489.
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would naturally cause slickensides on the dip lines of the weaker strata.
To a limited extent a correspondence might be expected between the
structure of the schists and the fractures by which they are broken
into slabs, and. it is thought that the bounding fractures of the Triassic
blocks may be thus related to deep underground structures; but it is
felt that more importance was at first attached to this point than it
deserves. The correspondence is strongly suggested by the parallelism
of the strike of the schists with the trend of the faults in the south-
west part of our area, but it may well be that there is not so much cor-
respondence between the dip of the schists and the dip of the faults.
Until the crystallines of the uplands are attentively studied this ele-
ment of the problem remains indefinite. It does not seem advisable to
pursue speculation further in this direction at present. It is suflicient
to have brought the faulted monocline within the accomplishment of
horizontal east-west (but not necessarily from east to west) shearing
forces, and to indicate that the fracturing of the blocks in the Triassic
cover is plausibly connected with the faulting of the cerystalline founda-
tion. The forces by which the shearing was done appear to have acted
in general in the same direction as those by which the trough was
made, and all seem to have been of Appalachian habit.

A few words may be given to the eastern marginal faults. If the
north-south faults are not continued beyond the short stretches where
they form the Triassic boundary, and if the region be then viewed as
a whole, the marginal faults of the eastern boundary may be regarded
as a large-scale system of northeast-southwest joint planes, with short
connecting fractures, according to the scheme advocated for smaller
joint struetures by Woodworth.! Thus treated, they somewhat resem-
ble the system of faults that determines the eastern margin of the cen-
tral plateau of France, where it is suddenly cut off by the descent to
the valley of the Rhone.

! Proc. Boston Soc. Nat. Hist., Vol. XXVII, 1896, p. 182,



PART IL.—DENUDATION,
GENERAL PRINCIPLES OF LAND SCULPTURE.

The implied separation of natural processes by the division of this
report into distinet parts must be even more carefully guarded against
in passing from deformation to denudation than in the earlier passage
from deposition to deformation. Itistruethatina general way the great-
est deformation occurred after the deposition of the formation had been
practically completed and before the great work of denudation had
been far advanced. But, on the other hand, slight marks of both
deformation and denudation are recognizable during the first chapter
of deposition; denudation undoubtedly made some progress during
the movements deseribed in the second part on deformation; and one
of the most important and far-reaching lessons of the region is found in
the occurrence of a general upheaval—a gentle deformation—Ilate in the
final chapter of denudation, whereby the weakened forces of destruction
were awakened into the cycle of renewed activity in which we now find
them. Indeed, it is quite possible that deposition—not Triassic, but
Cretaceous—oceurred over at least a part of our area during the pause
of denudation before the last general uplift. Irom beginning to end
the contrasted processes are interlaced. They are here untangled and
presented separately only in order more easily to follow the threads of
description and argument.

During the early years of geological study little value was given to
the ordinary processes of weathering and washing in the sculpture of
land forms. Processes of uplift, deformation, and fracture were
regarded as rapid, and it was thought that their almost unaltered effects
were to be seen in mountains and valleys. The mighty currents of the
sea, and not the smaller streams of the land, were regarded as erosive
agents where erosion was so manifest that it could not be overlooked.
By very gradual degrees a greater and greater value has come to be
given to the slow but long-acting processes of weathering and wash-
ing, and a slower rate of action is given to processes of deformation.
Thus guided, land forms are, as a rule, seen to be carved, not built. A
noticeable phase of the advance in this belief was the introduction of
the idea that the shore waves of the sea were the most effective agency
for the greater tasks of denudation, and that broadly abraded surfaces
were best explained as ¢plains of marine denudation,” as they were
called by Ramsay in 1847, It was admitted at this time that subaerial
processes might carve valleys, but the wholesale reduction of a land

mass to a surface of moderate relief was reserved for marine processes.
144
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It was chiefly among American geologists that there afterwards arose
a confident belief in the competency of subaerial processes to wear
down any land mass to a peneplain of moderate relief; and although
this seems to be nothing more than a legitimate extension of the gen-
eral principles of denudation, it has as yet found less favor with
many Ituropean geologists.

The processes of denudation are all dependent on antecedent pro-
cesses of uplift or deformation, by which a land mass is raised above
base-level and placed within reach of the destructive attack of weather
and water. In contrast to earlier views, it has later been discovered
that while slight movements are attended by earthquake shocks, thou-
sands of such movements are required to produce great deformation
and uplift; moreover, long intervals of relative repose occur between
the times of these comparatively slight disturbances; and, furthermore,
considerable changes of elevation probably go on without any violent
disturbance whatever. Deformation is, therefore, much less rapid in
comparison with denudation than was formerly supposed. A curious
result of these discoveries is a contradiction of the early belief that
rivers always run away from regions of uplift, and a very general
acceptance of the principle that in certain cases rivers are competent
to maintain their course in spite of an uplift, cutting their channels
downward nearly as fast as the land beneath them rises. Rivers of this
kind are called antecedent. It isneverthelesshighly probable that only
large and favorably situated rivers can maintain antecedent courses
across strong uplifts, and that most of the greater uplifts of the world
have determined the courses of many of the streams by whi¢h they are
at first drained, such streams being called consequent. However this
may be, it is not to be doubted that most uplifts are rapid enough to
initiate land® forms faster than the general process of denudation
on the interstream surfaces can wear them down. Even where ante-
cedent rivers occur, the land surface between them probably attains
aform largely determined by processes of deformation and is influenced
but little by denudation during the advance of these processes. Admit-
ting freely that some denudation must occur during uplift, it never-
theless appears fair, in practically all cases, to estimate the period of
uplift as of much less duration than the succeeding period of com-
plete denudation. If the long, unmeasured period of time that is
required to reduce an uplifted land mass to a smooth plain of denudation
be ealled a geographical eycle, then it may be confidently said that the
duration of the period of uplift or deformation is relatively short when
compared to the entire cyele. Initial forms, slightly worn, characterize
interstream sarfaces during the earlier stages of the cycle; the later
stages witness the development of a succession of changes, ending in
the reduction of all forms to a surface of faint relief close to sea level.

Let it be conceived for the moment that after the initial uplifts no
movements of the land mass oceur during the cycle of denudation. It
18 GEOL, PT 2 10
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may then be proved by a great variety of evidence that the forms pro-
duced by the processes of denudation are remarkably systematic in
their succession, certain forms being associated with early stages, others
with later stages, and still others with the ultimate stages of the de-
structive processes; and this statement holds true whether the agency
of destruction is wholly subaerial or wholly marine, or a reasonable
combination of both. It has thus come to be convenient to subdivide
a cycle of denudation into infantile, youthful, mature, and senile stages,
each one merging into its successor. The infantile stage is very brief,
The stage of absolute old age would be everlasting but for the inter-
vention of new disturbances.

Leaving antecedent rivers out of consideration for the moment, it
may be shown that infancy is characterized chiefly by slightly modified
initial forms with consequent drainage, the stream channels being
little incised beneath the surface. Youth witnesses the deeper dissee-
tion of the surface by the streams, and the production of narrow,
steep-sided consequent valleys, all running down the slopes of the
initial surface. Lakes that might have occupied initial basins are
largely obliterated by the detritus that is actively washed from the
consequent valleys. Youth advances toward maturity when the chief
consequent streams have cut down their channels to such moderate
declivity that their ability to do work is just equal to the work they
have to do; or, in briefer terms, when the streams have graded their
courses. This result is accomplished by degrading their channels in
the uplands and aggrading depressed areas or basins. As the graded
slope is approached the stream is acted on by a smaller component of
gravity than before. Any obstacle in its path is, therefore, more effect-
ive in deflecting it, and it thus begins to swing irregularly from side
to side, first undercutting one valley slope and then the other, and thus
widening the valley floor. Thus flood plains are initiated, and after
this stage is reached they are characteristic features of land surfaces.
‘When the beautiful equilibrinm involved in the graded slope is once
gained, it is always preserved by means of very slight and slow changes
through the rest of the cycle, as long as the land mass is undisturbed.

Youth advances into maturity as the smaller side streams grow head-
ward from the consequent streams and dissect the uplands, increasing
the variety of surface forms to a maximum. Where the side streams
are located by what may be called accidental controls, indifferent to
the form of the initial surface and independent of internal structural
guidance, they may be called insequent branches of consequent streams.
Where they are subject to guidance by headward erosion along weak
structures, laid bare on the valley walls of the consequent streams, they
may be called subsequent branches, here following the descriptive term
used by Jukes in his important essay on the origin of certain river val-
leys in the south of Ireland.” Subsequent streams are distinguished

P Quart. Jour. Geol. Soc. London, Vol. X VILI, 1862, p. 378.
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from consequents and insequents without much difficulty, inasmuch as
the first follow the lead of the initial slopes and the second are unrelated
to weak internal structures. With the headward growth of the inse-
quent and subsequent branches of the consequent streams the initial
interstream surface is more and more dissected, and from having been
imperfectly apportioned among the various river basins in infancy it is
more and more sharply and definitely divided and subdivided among
them as maturity is reached. Not only so; it frequently happens,
and especially in regions of disordered structure, that the subsequent
streams grow so far and so rapidly along the weaker structures as to
tap the smaller consequent streams and divert their upper courses to the
basins of the master consequents, leaving the beheaded lower courses
of the smaller consequents to survive as best they may with dimin-
ished volume. An adjustment of streams to structures is thus brought
about—an adjustment of the most wonderful kind, not to be accom-
plished in any other way than through the most deliberate and thorough
search for the best lines of drainage by the processes of subaerial denu-
dation. Although the principles of uniformitarianism, liberally inter-
preted, do not need more proof than has been given by the school of
Hutton, Playfair, and Lyell, it should be noted that the occurrence of
well-adjusted drainage systems affords them a confirmation of the most
unequivocal kind.

In infancy and youth the streams are for the most part engaged in
cutting down their channels, because the initial slopes offered for their
guidance generally give them a greater competence than they need in
the performance of their work. But, as a result of intrenching their
channels, their lower and middle courses become flatter and their
ability to carry their load of land waste is lessened. At the same time
the area of valley-side slopes is expanded, and the load which comes
chiefly from these slopes is therefore increased. Thus the two variable

-quantities, ability to do work and work to be done, approach and reach
equality; this stage in the larger consequent streams serving, as has
already been said, to mark the entrance into maturity. Now the side
streams, insequent and subsequent, are growing rapidly. As they dis-
sect the interstream surfaces the area of steep valley sides is even more
expanded, and the load delivered to the larger streams grows far
beyond its earlier measure. The graded master streams are therefore
often required, on approaching maturity, to inerease their ability to do
work to equality with the increased work that they have to do, and they
obey this requirement most ingeniously by continually laying down
some of the excessive load and in this way steepening their slope and
thereby at once increasing their ability and decreasing their work so
that therelation of equality between the variables is always maintained
after once being established. When this process is coupled with the
lateral swinging already mentioned, the development of alluvial flood
plains becomes distinet; and it is thought that many flood plains are in
great part thus determined.
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Maturity is the period of fullest development of functions. The
drainage basin of a river is then most perfectly divided and subdivided.
The courses of the streams have come to be well adjusted to the strue-
tures that they are working upon. The rainfall is most perfectly shed
from the dissected surface to the streams, seldom delayed in lakes, sel-
dom impetuously hurrying in falls. Although the valley sides are less
steep than in youth, their area is so greatly enlarged that the rate at
which land waste is shed to the streams is at its maximum. The
streams are nevertheless everywhere able to handle the land waste that
is washed into them; there is an active transportation down the valleys
to the sea. But, as further time passes, the activities of maturity are
tamed down to the placidity of old age. The mountains and hills are
s]mﬁ‘ly subdued, their slopes becoming flatter and flatter, and their
waste creeping down the slopes more and more slowly. With loss of
height, rainfall normally decreases; but with less rainfall and less slope
the stream heads shrink a little, as the smaller twigs fall from an old
tree.

In only one feature is greater perfection found in old age than in
maturity—the extension of the graded condition from the stream chan-
nels, where it is first developed, to the general interstream surface, over
the whole of which it finally spreads. In order to make this more
apparent, a close analogy may be drawn between streams of water in
channels and streams of waste on unchanneled slopes. The upper
course of every water stream is a waste stream; one grades into the
other. Water streams always contain some waste, and both water and
waste vary in volume with changes of weather, season, and climate.
Waste streams often contain water, the proportion of the two con-
stituents varying as before. Both are guided by a component of
gravity; but while one runs the other creeps. Both attain a graded
condition by the establishment of an equality between ability to do
work and work to be done. Consequent water streams generally estab-
lish a graded slope by entrenching their channels, because their initial
slope is commonly so steep that their youthful ability is in excess of
their work. Consequent waste streams, on the other hand, generally
establish a graded condition by calling for a reduction in the rate of
supply and arefinement in the texture of the load to be carried, because
their initial slopes are seldom steep enough to enable them to carry
forward all the waste that is provided for them by the weather. The
early products of weathering remain on the surface, hardly moved; the
further attack of the weather then deepens the layer of loosened
material—the ¢ discrete” of Gilbert; at the same time the texture of
the surface waste is refined by the continued attack of the weather on
it, and the rate of underweathering is decreased by partial protection
from the atmosphere. With the decrease in the rate of production of

raste, and with the refining of the surface texture, the work to be
done falls to equality with the working ability of the waste stream.
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Then the graded condition is reached, and this is the ordinary condition
of soil-covered surfaces.

Some consequent water streams, however, find the initial land slopes
very faint, or even reversed, as in initial lake basins. Here they are
unable to carry forward the load that is brought to them, and they
must increase their loitering velocity by aggrading their floor to a
steeper slope. Conversely, some consequent waste streams find the
initial slopes very steep, as on initial cliffs of displacement; and here a
grade must be established by the same process as that ordinarily
employed by young water streams. The cliff must be weathered back
to a less declivity, so that the removal of detached waste shall be no
faster than its supply. Bat thisis a very slow process; it is not accom-
plished nearly so soon as the grading of the water streams.

As the result of the action of water and waste streams, the whole
area of an initial land surface gradually assumes a new form, which
may in general terms be called a sequential form. The development of
sequential forms by consequent waste streams is generally very slow,
but their development on the valley sides of consequent water streams
is rapid. On these sequential side slopes both insequent and subse-
quent waste streams are to be found; indeed, the water branches of
consequent streams already described always begin as waste streams.
As a rule the sequential waste streams on the sides of consequent
valleys at first have an ability of transportation much in excess of
the supply of load, hence bare rock faces are commonly found along the
sides of narrow valleys. But as the valleys widen and their slopes
flatten a greater and greater part of the lateral waste streams is graded.

The analogy to be drawn between streams of waste and streams of
water may be extended to various details. The long waste-covered
slopes that prevail on many of our western mountains are closely analo-
gous to the flood plains of our great rivers. Truly the two differin vavi-
ous aspects, the slope of one Leing faint, of the other steep; the texture
of the waste in a flood-plained river being fine, on a mountain side
coarse; the one being associated with a large river, the other only with
wet-weather wash ; yet both are forms assumed by the waste of the land
on the way to the sea, and their likenesses are as important as their dif-
ferences. The bare ledges from which the even waste slopes descend
are like the ungraded upper courses of streams; both water and waste
here plunge in torrents or rock falls, and the forces of transportation
are able to carry much more load than is given to them. The ledges
that interrupt the grade of waste slopes are like falls in the course of
young streams, where ability is locally increased by increase of decliv-
ity; thisin turn resulting from the quicker degradation of some weaker
structure farther downstream. Waste falls are therefore much like
waterfalls, even though intermittent instead of relatively continuous in
behavior, and truly as much less picturesque in the landscape as they
are less manifest in action.
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During early infancy much the greater part of a land surface is
occupied by the ungraded consequent waste streams which modify its
surface very slowly. The lesser part of the surface is trenched by con-
sequent water streams. As time passes a greater and greater part of
the initial surface is reduced to a sequential surface. Where the water
streams act on the sequential surface they reduce it to a grade in the
late youthful stage of the cycle of denudation if 'they are large, in
the late mature stage of the cycle if they are of moderate size. Where
only waste streams act they do not succeed in grading the whole sur-
face until a very late mature or early senile stage, for not until then are
all the ledges cloaked over with waste and the whole surface reduced to
smoothly modulated profiles, the forces of transportation being every-
where competent to perform the work offered to them. A landscape of
this kind is found in certain parts of the driftless area of Wisconsin,
and although the mental eftect produced by it is altogether unlike the
sensation caused by vigorous, maturely dissected mountains, the land-
scape is nevertheless extremely pleasing, and all the more so when itis
recognized that the flowing profiles everywhere apparent are the sign of
the perfection of drainage processes, in the waste streams on the slopes
as well as in the water streams in the valleys. A completely graded
surface of this kind, where the ability to move the waste down the
slopes is everywhere just equal to the work required in moving it, is
another witness to the verity of uniformitarianism, and not a less trust-
worthy witness than is found in a system of well-adjusted water
streams.

The account thus far given of the processes and forms appropriate
to various stages of a geographical cycle has been stated in a gen-
eral manner. It postulates an ordinary condition of climate, neither
glacial nor arid. It does not specify the structure of the land mass,
although upon that will depend the detail and arrangement of form at
every stage of development. It omits all consideration of movements
of the land mass during the progress of the eycle, by which its orderly
- advance from infancy to senility might be interrupted. All this gen-
erality is intentional, for it is only after reaching the most general view
of the cycle and its stages that the variations from it can be fully appre-
ciated. No land mass has been observed to pass through its eycle of
changes. It is only by putting together examples of many different
land masses in earlier and later stages of denudation that their succes-
sion can be determined, and even then many gaps in the series must
be filled in by reasonable deduction. But on the whole the general
sequence of processes and forms through the normal cycle appears to
be well established, and its verity is attested by a great array of actual
occurrences.

In order to illustrate the elasticity with which the general scheme of
the geographiecal cycle accommodates itself to special cases, variations
in structure and in climate may be briefly considered. Variations of
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structure call forth appropriate variations of initial and sequential form
and drainage. In regions of horizontal strata subsequent streams
are wanting, and the rearrangement of drainage lines by capture and
diversion is relatively unimportant. The master consequents have in
maturity a great number of insequent branches, dividing again and
again, and the waste streams, as well as the smaller water streams,
have numerous falls over the benches or cliffs that contour around the
digitate hill spurs between the divaricating water ways. In regions
of tilted or folded structures the master streams develop numerous
subsequent branches along the weaker structures in youth and matu-
rity, and the harder structures survive in ridges. Rearrangements
of drainage by capture and diversion of consequent headwaters along
subsequent courses are extremely common; hence maturity witnesses
extensive adjustments of streams to structures. Waterfalls are rela-
tively rare. Waste falls are common. They are not systematically
arranged on contouring cliffs, but follow the disordered outerops of the
harder strata wherever they lead. In maturity they are chiefly head-
waste falls on the ledges near ridge crests, being in this respect compar-
able to headwater torrents in the uppermost courses of water streams.

In an ordinary climate with sufficient rainfall vegetation covers the
greater part of the interstream surfaces, diminishing the number of
water streamlets and increasing the area of unchanneled slopes during
the varied dissection of the uplands. In'a subarid region, where vege-
tation is scanty, the number of stream channels is greatly enlarged, in
spite of the small measure of rainfall; nearly the whole surface is
carved by little water ways, and the proportion of washed waste to
creeping waste is greatly increased. Thus the difference between the
flowing profiles of the driftless area of Wisconsin and the angular
forms of the *‘bad lands” on the Western Plains may be in great part
accounted for. Their chief contrast is found in the greater competence
of water-stream carving on the bare surface of the latter, and in the
relatively greater competence of the waste-stream creeping under the
grassy cover of the former. In one the divides are almost sharp, as is
appropriate under the action of running water;' in the other the divides
are broadly convex, as is equally appropriate under the control of creep-
ing waste.” In regions of greater aridity than the Western Plains the
wind becomes the chief means of transportation. Under a cold and
damp climate ice sheets are the chief agency of movement; and each
of these produces its appropriate variations from the sequential forms of
the normal cycle.

No class of interruptions in the normal advance of the cycle is more
important than that which results from land movements of any kind.
Movements of land mass with respect to base-level may happen at any
time during the advance of a cycle. They may be of any degree of

1Gilbert, Geology of the Henry Mountaing, p. 116.
28ee note by anthor on Convex profiles of bad-land divides: Science, Oct. 28, 1892,
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complication from simple regional uplifts to the greatest deformations
of mountain ranges. They may be long separated in time, as in the
more stable parts of the earth’s crust, or they may f()l]g)\\' at short inter-
rals, as in uneasy and growing mountain ranges, different regions show-
ing a great diversity in this respect, as instanced by the stability of the
oldlands of Wisconsin and Minnesota from Cambrian times to the pres-
ent, in contrast to the uneasiness of the Appalachian belt during the
same long portion of geological history. In no part of this attractive
field of study is the importance of the deductive method greater than
here. The ideal advance through a normal uninterrupted cyecle of
denudation must first be deliberately investigated. Iiqual attention
must then be given to variations from the normal eycle, for only in this
way can the elements of the scheme hope to match the variety of nature,

The simplest interruptions in the normal eycle are caused by uniform,
regional movements of elevation or depression. A region that has
reached a certain stage of denudation while standing in a cerfain
attitude with regard to base-level may be raised or lowered, and its
further development then advances with respect to a new base-level.
Graded streams and graded waste slopes are particularly sensitive to
all such changes. Many examples of composite topography resulting
from essentially uniform vertical movements of land masses are now
familiar. Gentle deformation is more probable than uniform uplift or
depression; certain streams are then accelerated, others are retarded;
and if the warping occurs in late maturity or old age, many rearrange-
ments of drainage may be expected to follow, as has been shown by
Campbell.!

Strong and relatively rapid deformation by folding and faulting may
occur. Then few streams besides the largest ones can survive in their
former courses; and here we find the appropriate place for the con-
sideration of antecedent rivers. Most ot the smaller streams will be
extinguished or shifted by strong deformation and replaced by new
consequent streams. Many mountain regions offer opportunity for study
of river rearrangements by strong interruptions of this kind; few
better than the Rocky Mountains of Montana, where the form and
drainage established in one cycle of mountain development have been
greatly affected by the strong warping that produced the basins and
inclosing ranges of late Tertiary and Pleistocene time.

The reason for introducing so long a departure from our local prob-
Jem at this part of the report is the desirability of emphasizing the
prineciple that only by thus generalizing all pertinent knowledge can
appropriate explanation be found for the existing forms of the Triassic
belt. The case is essentially similar to that by which the origin of the
lava sheets, or the existence and arrangement of the fanlt lines, has been
determined. If existing forms are to be explained by denudation, the
general principles governing land sculpture must be studied out as

! Drainage modifications and their interpretation: Jour. Geol., Vol. IV, 1896, pp. 567-581, 657-678.
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carefully as the land forms are observed; and only by correspondence
between observed fact and deduced consequence of theory can a safe
conclusion be reached. The competence of subaerial denudation to
produce a peneplain may be doubted by some to-day, just as its com-
petence to carve valleys was doubted a century or two ago. It is only
by comparing the deduced features of a peneplain with the observed
features of a land surface that the doubts of the case can be settled.

CYCLES OF DENUDATION.

There are three stages in the geographical development of the Tri-
assic valley lowland that deserve special attention. The first includes
the form initiated by deformation and more or less modified by con-
temporaneous erosion. The second is the peneplain to which the initial
form was reduced by long-continued denudation, this being inferred from
the remnants of the peneplain still preserved in the Eastern and West-
ern uplands. The third is the form of to-day, carved in the peneplain
after a gentle slanting uplift to about its present altitude. Shortly
before the existing form was assumed came the glacial invasion, com-
monly recognized in New England, and associated therewith are.certain
changes of level, especially significant near the shore line; bul these
are minor episodes compared to the long and almost complete cycle of
erosion by which the general peneplain was made, or even to the partial
cycle during which the valley lowland was worn down between the
uplands.

For ease of description and explanation, the geological dates of these
critical stages may be given at once. The topography produced by the
monoelinal tilting and faulting may be roughly dated as falling at the
initiation of Jurassic time; Jurassic being used here not to indicate a
very definite epoch, but rather to imply a succession after Triassic
deposition. Jurassic time included a cycle of denudation that sufficed
to reduce the forms initiated by tilting and faulting to a peneplain: and
as the latter is found to be associated with Cretaceous strata, it will be
spoken of as the Cretaceous peneplain. Its preparation appears, how-
ever, to be chiefly the work of Jurassic time, and a record of this divi-
sion of the geological scale on our Atlantic slope is more likely to be
found in the work of obliteration here manifested than in the usual
record of deposition. The uplift and the carving of the peneplain into
the form of to-day were accomplished in Tertiary time; hence the
Valley Lowland will be spoken of as the work of the Tertiary cycle of
denudation.

THE INITIAL FORM OF MONOCLINAL FAULTING.

In order to emphasize the progress of denudation during the pro-
duction of the fanlted monocline, the topographic form attained at the
close of the period of faulting and tilting is discussed in this rather
than in the preceding part of the report. If the Triassic formation
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consisted of resistant lava beds throughout, and if there were any
reason for thinking that the elimate of the region at the time of deforma-
tion was arid, then it might be argued that denudation made insigificant
progress during deformation, and that the initial form of the region
could be reproduced by a purely geometrical reconstruction of the
faulted blocks. The warrant for this is found in the remarkable region
of faulted lava blocks in southern Oregon, as described by Russell.!
In certain parts of that remarkable district ¢the orographic blocks of
dark voleanic rock are literally tossed about like the cakes in an ice floe,
their upturned edges forming bold palisades that render the region all
but impassable. . . . Many of these fragments measure a mile or
so on their edges, and are tilted in various directions, leaving narrow
rugged valleys between their upturned margins. The diverse tilting
and the numerous fault scarps that rise without system into naked
precipices combine to make this a region of the roughest and wildest
description.” Some of the displacements measure 5,000 or 6,000 feet.
The fault scarp overlooking Warner Valley is about 2,000 feet high.
The orographic blocks may be traced 10, 20, 50 miles; they are long
and narrow, sometimes in a ratio of 50 to 1. Some of.the fault
scarps have been carved more than others; that forming the eastern
face of the Warner Mountains has deep recesses between outstanding
pinnacles, with extensive alluvial fans outspreading from the mouths
of the ravines. Other scarps are slightly affected by the attack of the
weather, preserving their even, fractured face, and having a relatively
small volume of detritus accumulated at their base. Many of these
blocks thus represent hardly any advance from a purely initial topo-
graphic form. Some of the faults are,in theirlater movements, so recent
as to displace the alluvial fans that spread out from the ravines and
the Pleistocene lake beds that occupy the depressions.

INITIAL DRAINAGE OF THE FAULTED MONOCLINE.

It is not, however, to be expected that the faulted Triassic sandstone
and pebble beds in Connecticut were so little modified by erosion at the
time when deformation was essentially completed as the tilted lava beds
of Oregon now are. The Triassic strata are even now comparatively
wealk, and then must have been weaker. The climate was at that time
probably wetter than now, for, in Jurassic time, the Great Plains of
the West lay beneath a long and broad arm of the sea that stretched
from the Gulf of Mexico toward the Arctic Ocean, and the Appala-
chians were probably not a lofty range of mountains. Yetitis believed
that even under these unfavorable conditions the form initiated by
faulting must have for a time dominated the relief of the Triassic belt
and of its bordering area. The uplifted edges of the tilted biocks,
ravined and dissected even while rising, must have determined the site

1A geological reconnaissance in southern Oregon: Fourth Aonn. Rept. U. S. Geol. Survey, 1884,
Pp. 433-464.
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of initial ridges. Short consequent streams must have run down the
back slope, and shorter streams must have gnawed into the faulted face
of each block. Much of the drain-
age must have been discharged
along the fault lines between the
ridges, for the lines of relative de-
pression along the down-faulted
side of each block must have deter-
mined the course of many longi-
tudinal consequentstreams. Lakes
may have for a time occupied the
lowest depressions between the
tilted blocks in the Hartford area
and along the eastern border, but
it is quite possiblethat the longand
narrow basins may have been filled
as fast as they were depressed
by the waste brought down by
streams, aggraded alluvial plains
thus taking the place of bodies
of standing water. Omitting for
the moment all consideration of antecedent streams, the longitudinal
consequents should have overflowed eastward from the basins of
depression in the direction of the general tilting, and thus escaped
toward the sea along various
unknown paths. Each warped
basin, from the small southern
crescent of Pond Mountain
to the great Springfield cres-
cent (p.86), may be supposed
to have its own eastward dis-
charge; and it is possible that
for this reason the Connecticut
leaves the Triassic lowland as
it approaches the southern end
of the Springfield crescent at
Middletown. This scheme of
drainage might be called the
early Jurassic consequentdrain-
age. It is roughly shown in
fig. 36.

On the other hand, a certain
share of drainage may have been-
retained by antecedent streams,
that is, by such streams as held
their previous courses in spite of the monoclinal faulting. These might
be called the persistent Triassic streams. They are sketched in fig. 37.

F16. 36.—Diagram of consequent Jurassic drainage.

F1a. 87.—Diagram of antecedent Triassic drainage.
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" It may be plausibly supposed that in the later stages of the chapter of
deposition numerous streams entered the Triassic estuary in centripetal
arrangement from the land areas on the east and west; and if the Triassic
strata had been evenly uplifted the centripetal streams might have
been gathered by a single axial river, presumably flowing southward,
The location of the mouths of the chief centripetal streams might now
be identified by the coarser texture of the marginal sediments, if it
were not that drift covers so much of the lowland. The stronger men-
bers of such a system might persist during the monoclinal faulting, and
thus determine a scheme of antecedent drainage, gathering numerous
subordinate streams that were developed consequent on the faulting
and tilting. j

CHANGES FROM INITIAL TO EXISTING DRAINAGE.

If the antecedent Triassic or the consequent Jurassic rivers, once
established, had maintained the same pattern from the time of mono-
clinal faulting until to-day, nothing would be easier than to determine
the origin of the existing river systems of the region by comparing them
with the very unlike patterns of antecedent and consequent arrangement
inferred to exist at the beginning. But in the long time since the mono-
clinal tilting there have been many opportunities for the new arrange-
ment of stream courses; hence it is not to be expected that the existing
stream pattern should closely resemble the pattern that prevailed when
the carving of the monoclinal blocks began. There must have been, in
the first place, many spontaneous rearrangements from the initial
courses, due to the development of subsequent streams and the migration
of divides during the Jurassic eycle of erosion that followed the first
period of disturbance. These will be briefly considered later (p. 162),
During the phase of peneplanation it is quite possible that the larger
rivers may have wandered laterally from the courses that they had fol-
lowed previously. It is eminently possible that after peneplanation the
southern part of the State was submerged and blanketed over with a
seriesof Cretaceous sediments, and that these, when afterwards uplifted,
formed a smooth coastal plain, extinguishing all the preexisting streams
beneath it and bearing on its surface an entirely new series of streams;
the latter would then be superposed upon the under structures as
the coastal-plain cover was worn off. Manifestly such streams could
show no essential resemblance to those that prevailed in the same
region at the time of monoclinal faulting. This part of the problem is
discussed on page 165. After peneplanation and the possible episode of
the coastal plain, the region was uplifted with a slant to the south. All
the streams, whether on the never-covered or on the uncovered surface
of the unlifted peneplain, then had a new opportanity for spontaneous
rearrangement during the dissection of the uplifted peneplain. A few
examples of changes thus produced are described on page 175.  Finally,
the changes determined by glacial action, directly or indirectly, are
considered on page 181. All these possible changes, caused by two
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series of spontaneous rearrangements, one period of wandering on a
peneplain, one probable opportunity for superposition, and at least one
disturbance by glacial action, must be allowed for before the existing
rivers can be compared with their ancestors, and the complexity of the
problem thus becomes so great that it is hopeless at present to attempt
a positive solution of it; but a comparison of theoretical initial drainage
and existing river systems will be briefly made (p. 184).

THE CRETACEOUS PENEPLAIN.

The erosion initiated by the faulting and uplift is believed to have pro-
gressed so far during a period roughly measured by Jurassic time, and
before any later movement of significant amount occurred, as to have
swept away all the initial relief and reduced the region to a low pene-
plain. The evidence of this is found lessin the Triassic area than over
the adjoining uplands.

A view of the Eastern and Western Uplands from any commanding
summit of the trap ridges, such as West Peak, near Meriden, or Mount
Tom, in Massachusetts, discloses the even sky line to which theirrolling
hills so regularly ascend. The same persistence of accordant altitudes
over large areas may be seen from any of the eminences that surmount
the general level of the uplands by a small amount, such as Great
Hill, near the village of Cobalt, north of the Connecticut gorge in the
Eastern Uplands. The upland has a gentle southward slant, so that
it becomes a lowland near the coast line, and its further continuation
would pass beneath sea level. The steep-sided narrow valleys of the
uplands are sunk beneath the general summit level thus marked.
Before the excavations of these valleys the uplands must have been
much more continuous than now; they must, indeed, have constituted a
gently rolling region of moderate relief—a peneplain.

It is one of the most important principles of land sculpture that a
peneplain of this kind in a region of greatly deformed crystalline rocks
:an be explained only by supposing long-continued and widespread ero-
sion, either by land or by sea forces, which reduced all structures, crys-
talline and Triassic indifferently, to a surface of small relief, everywhere
close to the controlling base-level of the time. In mno other way can
the even beveling of the surface across the disordered rocks be
accounted for; in no other way can the complete lack of sympathy
between strueture and form find rational explanation.

In such case the peneplain must have stood close to sea level, and
only at some later time could its present altitude have been gained.
Hence the first movement of post-Triassic elevation in connection with
the monoclinal faulting could not have lifted the region so high as it now
stands. The present elevation of the region must have been gained
after peneplanation, by a process of general uplifting without significant
deformation. Between the first period of elevation, with faulting and
tilting, and the second period ofelevation, characterized by a broad bodily
uplift, there must have elapsed a time of long-continued denudation.
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Although this principle is now generally recognized and applied in
many researches of the last two decades, it is curious on reading over
older geological reports and treatises to see how generally it has been
overlooked. Percival recognized the plateau like form of the uplands,
but his explanation of it was characteristic of time when denudation
had not gained its present rank of equality in the long run with defor-
mation. He wrote:

The eastern and western Primary may both be regarded as extensive plateaus,
usually terminating abruptly toward the larger Secondary basin [the Triassic Val-
ley Lowland of this report], but sinking more gradunally toward the Sound on the
south. These plateaus present, when viewed from an elevated point on their surface,
the appearance of a general level with a rolling or undulating ontline, over which
the view often extends to a very great distance, interrupted only by isolated snm-
mits or ridges, usnally of small extent. . . . The. western Primary . .
forms within the limits of this State a wide platean, such as has been deseribed, gen-
erally very abrupt, both west and east, toward that valley [the Berkshire limestone
valley] andthe larger Secondary basin [the Triassic Valley Lowland], and of so uni-
form an elevation that from many points little elevated above its surface the view
extends across its entire width and to a great distance north and south, presenting
throughout its whole extent no extensive range of mountains, but only a series of
more or less detached and isolated elevations. . . . Theeastern Primary, viewed

Schists

F16. 38.—Relation of pre-Triassic and Cretaceous peneplains.

from its more elevated points, presents the same general appearance as the western—
that of an extensive undulating surface of nearly uniform elevation, diversified hy
detached summits, and in only one instance marked by an extended mountain range—
that of the Bolton Mica Slate range. . . . The uniform elevation of the gen-
eral surface of the eastern Primary is evident from the fact that from the summit of
Snow Hill (a smooth rounded eminence in the northwest corner of Ashford) the view
extends from Monadnock and Wachusett mountains on the north to Lantern Hill and
the East Haddam Hills on the south. . . . These plateaus are also intersected
by valleys and basins, which serve to mark the arrangement of their surface even
more definitely than the elevations. This arrangement will be found to correspond
very exactly with that of the geological formations, indicating that it was caused
essentially by the original form of the surface of these formations and not by any
subsequent denudation.! ’

The last sentence is particularly striking in illustration of the little
value formerly attached to the process of denudation in shaping (he
earth’s surface.

The discussion of the floor on which the Triassic formation rests, in
Part I (p. 23), might be repeated here, in so far as it touches upon
the reduction of a region of strong relief to a gently rolling lowland;

! Geology of Connecticut, 1842, pp. 477-480.
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but the previous discussion was concerned with the reduction of the
great folds of the crystalline schists from their initial mountainous
elevations to a pre-Triassic peneplain, while the present section con-
siders the reduction of such elevation as was given to the crystalline
areas by the warping, tilting, and faulting of Triassic and immediately
following time to a post-Triassic peneplain. The relation of these two
peneplains is indicated in fig. 38. Of the first, PrTr, a great part is
lost in the air, a considerable part is buried under the Triassic strata,
a small part is revealed with moderate change in the slope where the
Western Upland descends to the Valley Lowland in the even Southing-
ton belt of the western border. Of the second peneplain, CrCr, a large
part remains, with moderate change, in the rolling surface of the
uplands; an unknown part is lost on the south, where the slanting
upland descends to a lowland and passes beneath the sea level; a cer-
tain part is lost where the valleys of the uplands are now excavated,
and an important part is lost where the Triassic Valley Lowland has
been etched out.

RELATION OF TRAP RIDGES TO THE PENEPLAIN.

It is only in the even crest line of some of the trap ridges, such as
Totoket Mountain, closely accordant in altitude with that of the
neighboring Eastern Upland, that the peneplain is recognizable within
the Triassic avea. Yet it cannot be doubted that the even surface of
denudation represented in the gently rolling uplands was once continu-
ous across the region of the present Valley Lowland. The process of
peneplanation is not local but far-reaching. If it finds application in
the Eastern and Western uplands, it surely must be applicable over
the intermediate area, and the more so when it is remembered that the
Triassic strata are, with the exception of the trap rocks, notably
weaker than the general body of the crystalline schists. The Triassic
belt must have been more than a peneplain; it must have been a true
plain of denudation during the later phases of the Jurassic cycle of
denudation, relieved only here and there by low swells of stony soil
marking the outcrops of the trap sheets and dikes. To this ultimate
form must the initial fanlted blocks have been at last reduced, passing
on the way through a whole series of intermediate forms. During so
long a cycle of denudation, acting upon a mass of greatly varying
hardness, many spontaneous adjustments of streams to structures
must have taken place, and at the close of the cycle it is not to be
conceived that any but the larger streams could have preserved the
courses that they had possessed, either through antecedent or con-
sequent origin, at its beginning.

The reconstructed sections of Pl. XX clearly indicate that the trap
sheets as well as sandstones must have suffered much denudation in
the reduction of the original faulted monocline to a peneplain. This
can admit of no doubt when the correspondence of the trap sheets,
mtrusive as well as extrusive, in adjacent blocks is once perceived. It
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is, moreover, entirely by such denudation, causing a retreat of the out-
crop in the direction of the monoclinal dip, that the extrusive trap
ridges are now so systematically offset from one another, and a similar
process controls at least to a considerable extent the relative location
of the intrusive ridges. The offsets of the ridges has therefore nothing
to do with lateral faulting; this is excluded by the nearly vertical posi-
tion of the slickensides occasionally 1evealed on the fault planes, as in
the Meriden quarries. The trap ridges of the Lamentation block afford
excellent illustration of this conclusion. Standing on the bold bluft at
the south end of Chauncy Ieak, or on some of the higher points along
the arching crest line of Lamentation Mountain itself, one may, in
imagination, reconstruct the trap sheet obliquely upward along the
plane of dip into the air, or obliquely downward underground with
equal confidence, as in fig. 39; but in either direction it must be
extended only as far as the fault planes that bound the block. No
definite limit may now be set to the oblique extension of the main
sheet, or of its aqueous and igneous fellows, within the Lamentation
block, but there is every probability that it is here to be measured in

F16. 39.—Denudation of trap sheets.

miles rather than in feet. It is ehfirelyto long-acting denudation that
the consumption of the aerial portion of the reconstructed strata is to
be ascribed.

The same is to be said of the intrusive trap sheet and the basal sand-
stones in the southwest part of the Lamentation block. The sill of
Bethany Mountain is, it may be said incontestably, a part of the sill
that forms West Rock and Gaylord Mountain ridges. The present
form of the ridges can be explained only by the retreat of the sill in
Bethany Mountain from the strike line of the sill in Gaylord ridge,
and by the retreat of the sill in West Rock ridge from the strike line
of Bethany Mountain. These are minimum measures, for the western
bluft of Gaylord ridge is as bold as the bluffs in the other ridges.
Bearing in mind that all the evidence thus far found points to the
intrusion of this great sill while the strata that inclose it still lay
essentially horizontal, and remembering that horizontal intrusion must
have been about as easy in one direction as another, and, finally,
recalling that the most probable source of the sill is in the region of the
Mount Carmel dikes, the observer will see that the present ridge crest
can not stand in any definite relation to the original limits of the sill,
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and that here, as in the flows, the ridge crests practically mark the
edges down to which the unlimited sill was worn during the long cycle
of denudation that produced the Cretaceous peneplain. In view of all
this, it seems necessary to call upon extensive denudation to produce
the ancient (Cretaceous) topography of the Triassic area, as well as to
produce the even uplands of the crystalline areas.

On the nearly even surface of the peneplain all the monoclinal lay-
ers of the successive faulted blocks would outerop in systematic pat-
tern. In the absence of any drift cover at that time the strata would be
well defined by their surface soils, and the deciphering of the structure
might have been easier then than now. But excepting the few beveled
crest lines on the trap ridges, the peneplain is now extinet in the Tri-
assic area. The low-hanging clouds at upland height in winter storms
are to-day its most material image above the Valley Lowland. If the
invisible faults deseribed in Part II make a strong draft on the imagi-
nation, the vanished peneplain that once roofed over the Triassic area
is even more difficult torealize. Yetit mustonce have stretched evenly
across the region of the Valley Lowland at the height of the uplands
on either side; and all the Valley Lowland, so important in every
economic relation, is the work of a later chapter of denudation.

SUBAERIAL ORIGIN OF THE PENEPLAIN.

About the middle of this century the peneplain of the uplands would
have been explained, if considered at all, as the work of marine erosion
when the land stood lower than now. During the last quarter of the
century an opinion has been gaining ground, especially in this country,
that subaerial forces are more competent than marine forces to produce
extensive peneplains. It is a difficult matter to make certain choice
between the two processes; and such tests as have been devised for
the solution of the problem are not applicable to our district in the pres-
ent state of knowledge. But on tracing the peneplain of the uplands
west and southwest, through the Highlands of the Hudson,in New
York State, into the Highlands of northern New Jersey, it is there
found, by means of arguments based on the arrangement of the streams,
that subaerial rather than marine erosion gives best explanation to the
facts,’ and in lack of other argument the same conclusion will be held
applicable in Connecticut.

In order to avoid misunderstanding, it is advisable to state that the
present shore line of Connecticut does not stand in any definite rela-
tion to the shore line of Jurassic peneplanation, and that it is still
more remotely connected with the shore line of the pre-Triassic pene-
plain discussed on page 25. When the upland sky line of to-day is
traced southward it may be followed till it gently dips under the

!Geographical development of northern New Jersey: Proc. Boston Soc. Nat. Hist., Vol. XXIV,
1889, p. 874. Rivers of northern New Jersey : Nat. Geog. Mag., Vol. IT, 1890, pp. 1-30. Plains of marine
and subaerial denudation: Bull. Geol. Soc. America, Vol. VII, 1896, pp. 377-398.
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waters of the Sound; and, although at certain points there is an
appearance of a local and slight increase of slope on approaching the
water’s edge, it has not yet been shown that this slope marks the
southward limit of the peneplain. To all appearances the peneplain of
the uplands may continue as an inclined plane many miles into the
continental shelf of our Atlantic border, there buried under marine
deposits of late Mesozoic and Tertiary date. The shore line of the
cycle of peneplanation may have lain many miles off at sea from the
existing shore line.

ADJUSTMENT OF STREAMS TO STRUCTURES.

During the long process of subaerial peneplanation there was excel-
lent opportunity for the development of subsequent streams along the
strike of the relatively weak strata and for the diversion of the upper
courses of transverse streams by the growing subsequent streams.
The great depth of erosion from the initial surface of the faulted mono-
cline to the level of the peneplain, and the strong contrast between the
resistant trap sheets and the weak sandstones and shales, would favor
rearrangements of stream courses to nearly as extensive a degree as
has prevailed on the strong sandstones and the weak shales and lime-
stones of the middle Susquehanna district in Pennsylvania. The out-
crops of the trap sheets would generally come to be divides, whatever
their relation to initial drainage, and only the stronger streams could
maintain their courses across these iron-like rock ribs. The outerops
of the weaker members of the lower and upper sandstones would come
to be occupied by extensive longitudinal valleys, and streams running
along the strike of these strata must have been the order of the day,
as they are in middle Pennsylvania and eastern Tennessee; but such
streams could have had no representatives among either the antecedent
or the consequent streams of the initial stage of the Jurassic cycle. The
greater part of the adjustments of this kind would have been accom-
plished in the earlier stages of the cycle; the later stages would have
witnessed little more than the consummation of the process as the trap
divides were slowly forced to retreat down the dip of their sheets.

It should be for these reasons expected that on the essential comple-
tion of peneplanation all the area of the lower sandstones should have
become tributary to a~few large rivers; that all the area of the upper
sandstones should likewise have a relatively unified drainage system;
that only a few of the stronger transverse streams would cut across the
trap ridges by which the upper and lower sandstones are divided; and
that only such longitudinal consequent streams as ran along thoroughly
shattered fault lines could still maintain their courses through the low
notches between the trap outerops. This arrangement is indicated in
fig. 40. The basal sandstones between the crystalline floor and the
intrusive sill are hardly thick or continuous enough to determine the
development of extensive subsequent streams, but to a certain extent
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such streams might be expected to follow their strike. No such system-
atic statement can be made for the uplands until their structure is
worked out.

The explanation of the adjusted drainage here given is foreshad-
owed in one of Dana’s essays. He suggested that the drainage of the
undisturbed Triassic surface might have been southward to the Sound
at New Haven, as represented in fig. 37 (p. 155), but the sandstone
was intersected by dikes of trap, and ¢“as erosion went forward, the
trap dikes became the trap ridges of the country, standing, with some
of the inclosing indurated sandstones, as high barriers between differ-
ent parts of the sandstone area. * * * These trap barriers naturally
determined to a large extent the drainage lines of the area. * * *
South of Hartford * * * a succession of ridges * * * crowd
toward the river, and, conse-
quently, the Connecticut, after
passing Hartford, loses its
westing; and then at Middle-
town * * * turns abruptly
out of its old valley through an
opening heading southeast that
then offered no doubt an unob-
structed way to the Sound.
Thus the eastern part of the val-
ley lost the Connecticut river.
This event in New England his-
tory occurred before the Creta-
ceous period.”!

The larger streams may have
wandered in somewhat mean-
dering courses on the floor of
the peneplain, after the habit of
good-sized rivers in their old
age. If antecedent or conse-
quent, they might thus depart .
to one side or the other of the courses which they had held since the
beginning of the cyecle; if subsequent, they might stray away from
the weak stratum under whose guidance they had been developed.
It is, therefore, not to be expected that when these streams come
to be revived by the elevation of the peneplain to its present upland
altitude they should adhere very closely to the courses in which they
first learned to run.

F1a. 40.—~Diagram of drainage on the Cretaceous
peneplain.

GEOLOGICAL DATE OF THE PENEPLAIN.

The geological date of the general completion of peneplanation is of
interest as marking the separation of the two chapters of denudation;

IThe overflows of the flooded Connecticut: Am. Jour. Sci., 3d series, Vol. X, 1875, p. 500.
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but here, again, no definite statement can be given on local evidence,
It is true that the COretaceous strata of Long Island seem to lie, in a
general way, on the southward submarine prolongation of the pene-
plain that descends from the slanting uplands of southern New Eng-
land; but the intervention of Long Island Sound and the considerable
deformation of the Cretaceous beds observed at various points on Long
Island render their relation to the peneplain obscure and doubtful. In
New Jersey, Pennsylvania, and farther southwest there is better oppor-
tunity for determination. There the Potomac and Cretaceous strata
manifestly lie on the peneplain in the attitude that is inferred to obtain
underneath Long Island; and hence it may reasonably be said that the
peneplain was essentially completed before these later Mesozoic strata
were deposited; that is, in early Cretaceous or in late Jurassic time,

The unconformable superposition of the Cretaceous strata on the
seaward border of the peneplain shows that after peneplanation there
must have been a time of depression and partial submergence, the
unsubmerged area on the north and northwest furnishing the waste
now seen in the strata that were deposited on the submerged area to
the southeast and south. By those who do not accept the subaerial
origin of the peneplain another interpretation might be given here.
Instead of arguing that Cretaceous deposition followed depression and
submergence, it might be contended that the sea cut its way into the land
and that the Cretaceous strata are the products of its destructive
advance. Here, again, no decision can be reached in Connecticut; but
in New Jersey the few relevant facts are against the latter supposition,
and the former is consequently adopted. We are thus led to the con-
clusion that not only was there a long pause between the two move-
ments of elevation by which our region gained its present altitude, but,
further, that before the second uplift there was a moderate depression
affecting at least the southern border of the peneplain.

It is entirely possible that the depression, submergence, and burial of
the peneplain under the Cretaceous strata extended much farther
inland than the present border of the Cretaceous strata in Long Island,
for the erosive forces of post-Cretaceous time are competent to dispose
of a great volume of weak strata, such as occur in the later Mesozoic¢
formations on the Atlantic slope. The Cretaceous cover may very
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