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~ LETTER OF TRANSMITTAL

DEPARTMENT OF THE INTERIOR,
U. 8. GEOLOGICAL SURVEY,
D1visioN oF GEOLOGIC CORRELATION,
. Washington, D. C., February 12, 1892.

Sir: T have the honor to transmit herewith a memoir by Mr. I. C.
Russell on the Newark system, prepared for publication as a bulletin.

The Division of Geologic Correlation was created for the purpose of
summarizing existing knowledge with reference to the geologic forma-
tions of North America and especially of the United States, of discuss-
ing the correlation of formations found in different parts of the country
with one another and with formations in other countries, and of dis-
cussing the principles of geologic correlation in the light of American
phenomena. The formations of each geologic period were assigned
to some student already well acquainted with them and it was ar-
ranged that he should expand his knowledge by study of the literature
and by field examination of classic localities and embody the results in
an essay. The general plan of the work has been set forth on page 16
of the Ninth Annual Report of the Survey and on pages 108 to 113 of
the Tenth Annual Report, as well as in the letter of transmittal of Bul-
letin No. 80. . - X

The present essay is the sixth of the series, having been preceded
by essays on the Carboniferous and Devonian, the Cambrian, the Cre-
taceous, the Eocene, and the Neocene, prepared severally by Messrs.
Williams, Walcott, White, Clark, and Dall and Harris, and constituting
Bulletins Nos. 80, 81, 82, 83, and 84.

The subject originally proposed for Mr. Russell covered the entire
Jura-Trias of North America, and he was invited to discuss not only
the correlation of American formations one with another and with Eu-
ropean formations but also the question whether it was advisable in
American geology torecognize the Jurassic and the Triassic separately
as periods coordinate with the Devonian and the Carboniferous, or only
to recognize the Jura-Trias as a single period. Circumstances subse-
quently led to important modifications of this arrangement. In the
formulation of a plan for the preparation of the geologic atlas of the
United States it was found necessary to adopt and define a scheme of
geologic periods without awaiting the discussions contemplated in this
series of essays, and, after due consideration, it was determined to ree- .
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12 " LETTER OF TRANSMITTAL.

ognize the Jura-Trias as asingle period. One of the principal questions
proposed for Mr. Russell’s consideration was thus decided in advance
so far as the most important work of the Survey was concerned. The
acceptance by the Survey of an opportunity for Alaskan exploration by
Mr. Russell left to this division the option of diminishing the scope
of the present essay or of postponing its completion, and the former
alternative was preferred. It was consequently arranged that Mr.
Russell restrict attention to the Newark system and-the principles of
correlation involved in the discussion of its relations.

The rocks of the Newark system occur in a number of separate areas.
In this essay these are correlated one with another primarily on phys-
ical, secondarily on paleontologic evidence. Through paleontologic
evidence the systein is compared with formations west of the Mississippi
river and with formations in Europe, and it is concluded that homo-
taxial relations are approximately determined. The feasibility of de-
termining relations of close synchronism is questioned.

Very respectfully, your obedient servant,
G. K. GILBERT,

Geologist in Charge.
Hon. J. W. POWELL,

Director U. 8. Geological Swrvey.



- OUTLINE OF THIS PAPER.

The aim of this paper is to review the progress of our knowledge concerning a
well defined system of rocks on the Atlantic border, named the Newark system; to
summarize the present state of information concerning it, and to discuss the bear-
ing that its study has on principles of correlation.

Chapter I contains a historical summary of the numerous names by which the sys-
tem ‘has been designated from time to time, and also a statement of the author’s
reasons' for adopting the term Newark system now used.

Chapter II contains a brief account of the geographical distribution of the various
areas occupied by the system, and is accompanied by a series of maps on which the
areas are shown, together with the relative age of the adjacent terranes.

Chapter III. The evidence as to the presence of Newark rocks on Prince Edward
island is discussed and the conclusion reached that the system is not there repre-
sented.

Chapter IV. The lithological character of the sedimentary rocks of the system
is described, and the evidence as to their thickness is presented. Coal is treated
a8 a ‘“‘rock,” and some account given of its distribution and thickness.

Chapter V contains a discussion of the physical and climatic conditions under
which the sedimentary rocks of the system were deposited. From an examination
of the evidence bearing on the possible existence of glacial conditions in Newark
times, the conclusion is reached that glaciers were not immediately concerned in the
accumulation of any of the rocks of the system.

Chapter VI is a résumé of our knowledge of the life of the Newark period, as
shown by the animal and plant remains that have been discovered.

Chapter VII deals with the igneous rocks which traverse the system in a great
series of dikes and sheets. Following a description of the mineralogical and chem-
ical composition of these rocks is a general account of the principal characteristics
of dikes and sheets.

Chapter VIII is devoted to a description of the structure of the various Newark
areas, and a discussion of its origin. The present inclination of the strata over
broad areas is shown to be due principally to the tilting of faulted blocks. The
effect of erosion on the upturned blocks is also considered. Original data are intro-
duced concerning especially the structure of the more southern areas.

Chapter IX. The question of the original geographical extent of the system has
been considered by several geologists, and diverse conclusions have been reached.
In this chapter the opinions bearing en this question are summarized and classified
under two heads: First, the ‘‘local-basin hypothesis,” which includes those opin-
ions based on the assumption that the stratified rocks of the system were deposited
in several detached basins, the approximate boundaries of which are still traceable.
Second, the ‘broad-terrane hypothesis,” which embraces the conclusions of those
who consider the detached areas of the system as remmnants of possibly one broad
terrane, which has been broken up by orographic movements and greatly eroded.
The evidence is thought by the author to favor the second of these hypotheses.

Chapter X is devoted to a brief discussion of the general principles of correlation
and of the relations of the Newark system to several other terranes. ’

Under general principles of correlation, the evidences from physical phenomena,
such as superposition of strata, contained fragments, relation to folds and dikes, and

13



14 THE NEWARK SYSTEM.

to great unconformities, are considered. Under biological phenomena as a basis for
correlation, the imperfections of the geological records and our incomplete knowl
edge of the records, such as they are, receive brief attention; as does also the bear:
ing of evolution on the interpretation of the life history of the earth.

The difficulties in the way of correlating the rocks of America with those of othex
countries are indicated, and the conclusion is reached that the first aim in the study
of the geology of a new country should be the definite determination of the sequence
of rocks there represented, by physical phenomena, as a basis for the determinatior
of the relative age of the faunas and floras they may contain. Subsequently, the
fossils may be compared with those of distant terranes for the purpose of wider gen-
eralizations. It is pointed out that the life records in any restricted regions can
not be accepted as a standard whereby to determine the age of fossil-bearing beds
in other and especially in entirely disconnected terranes.

The chapter closes with a brief discussion of the relations of the Newark system
to certain formations in the western part of the United States and in other countries.



THE NEWARK SYSTEM.

By ISRAEL C. RUSSELL.

CHAPTER I.

-

NOMENCLATURE.

The name “ Newark system” has many synonyms. The body of
rocks to which it is applied is naturally differentiated with peculiar
clearness. It is separated from older rocks and from newer rocks by
profound uunconformities, and its boundaries are marked by strong
lithological contrasts. For various reasons it is not easy to determine
its precise position in the chronologic classification founded on the geo-
logic systems of Burope. The synonymy has arisen not from doubt as
to what should be included under one name, but from the fact that opin-
ions as to correlation have been embodied in names, and these opinions
have varied from time to time and from author to author. The name
Newark is here preferred, because it is the oldest specific title not im-
plying opinion as to geologic age. It was proposed by W. C. Redfield
in 1856, in the following language:

Iprefer the latter designation [Newark Group] as a convenient name for these rocks
[the red sandstone extending from New Jersey to Virginia], and to those of the Con-
_ necticut valley, with which they are thoroughly identified by footprints and other

fossils, and I would include also the contemporaneous sandstones of Virginia and.
North Carolina.! .

The term ¢ group” used by Redfield and the term “system” here
used do not imply any difference of conception, and the selection of one
or the other is a matter of comparatively small importance. I have
chosen system because it conforms approximately to the rule adopted
by the International Congress of Geologists.

Something of the history of the study of the Newark system may be
gathered from the following table, in which the various names by which
it has been designated are arranged chronologically. ‘

1 Am. Jour. 8ci., 2d ser., vol. Xx11, 1856, p. 357; also in Am. Assoc. Adv. Sci., Proc., vol. X, Albany
meeting, 1856, p. 181.

15
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Names and correlations applied to the whole or to portions of the Newark system.

Date.

1817

1820
1820
1826
1832

1824

1833
1835
1836
1837
1839
1839
1842
1841
1842
1842

1843
1843

1843
1843
1844
1847
1847
1847

1849
1849

1850
1851
1851
1851
1853

1853

1854
1855
1855
1856
1856
1856
1856
1856

1856

1857
1857
1857

Name used. Author. Place of publication.
Maclure, W........... Am. Philo. Soc. Phila., Trans., vol. 1,
n. 8., p. 20 and map. )
Silliman, B............ Am. Jour. Sci., 1st ser., vol. 11, p. 147.

New,or variegatedsandstone

Old red sandstone and
coal formation.

Freestone and coal forma-
tion of Orange and Chat-
ham [N.C.].

New red sandstone

Zarboniferous

La8 [F)enenenneranaannasens

New red sandstone

Silurian

Middle secondary strata ....

Secondary formation

New red sandstone system..

New red system; new red
sandstone.

New red sandstone

01d red sandstone and Coal
Measures.

Triassic or Jurassic. ...
Permian or Triassic ...

Lower Carboniferous.......

Silurian. ....ccoveiiiiiiaaaa.
New red sandstone..
Triassic ..........
Post Permian
New red sandstone or
XKeuper.
Upper Permian

Jurassic
Oblitic
Near the Lias of Europe....
Trias or new red sandstone.
Oblitic
Newark Group s
Triassic and Jurassic.......
Trias and Permian

Jurassic

KeUPer..ovcoverneennnannnnn
Permian and Triassic

Chatham series.............

.| Rogers, W. B..
.| Silliman, B....... .

.1 Agassiz, L...
.| Lyell, C

.| Taylor, R. C...

Nuttall, F...
Finch, J.... ...
Hitcheoek, E..... ....

Olmsted, D....... ....

Hitchcock,E .........
Taylor, R. C..........
Redfield, J. H
Barratt, J
Conrad, T. H.........
Rogers, H.D..........
Percival, J. G ........
Hitcheock, E.........
Rogers, W.B.........
Emmons, E...........

Mather, W. W........
Cozzens, I

Murchison, R. I

Marcou, J ...

Gesner, H

Jackson, C. T

Redfield, W. C
Marcou, J

Jackson, C.T.
Hitcheock, E....

Emmonsg, E...........

Rogers, H. D

Acad. Nat. Sci.Phila., Jour., vol. 11, p. 37.

Am, Jour. Sci., 1st ger., vol. X, p. 209.

Am. Jour. Sci., 18t ser., vol. vi, pl. op.
p. 86. )

Rep. Geol. N. C., p. 12.

Rep. Geol. Mass., p. 206.

Geol. Soc. Pa., Trans., vol. 1, p. 294.
Lyc. Nat. Hist. N. Y., Ann., vol.1v, p.40.
Amn. Jour. 8ci., 18t ser., vol. XXXI, p. 165.
Am. Jour. Sei., 1st ser., vol. XXXV, p. 249.
Third Ann. Rep. Geol. Pa., p. 12.

Rep. Geol. Conn.

Am. Jour. Sci., 1st ser., vol. XLI, p. 244,
Am. Jour. Sci., 1st ser., vol. XLuI, p.175.
Geol. of N. Y., part 1v, p. 429.

Rep. Geol. of N. Y., part 1v, p. 293.
Geol. Hist. of Manhattan, p. 43.

Ann. Address Geol. Soc. Londen, p. 108.

.| Assoc. Am. Geol. Nat., Trans., p. 298.
.| Assoc. Am. Geol. Nat., Proc., pp. 14, 15.

Quar. Jour.Geol. Soc.,Lond.,vol. 111, p. 288,
Quar. Jour.Geol. Soc., Lond.,vol. 111, p.275.
Quar. Jour.Geol. Soc., Lond.,vol. 111, p.278,
280.
Géol. Soc. France, Bull,, vol. vi, p. 575.
Industrial Resources of Nova Scotia, p.
244.
Am. Jour. Sci., 18t ser., vol. 111, p. 335.
Am. Assoc. Adv. Sci., Proc., vol. v, p. 46.
Roy. Institution [of Gr. Br.], vol. 1, p. 50.
Am. Assoc. Adv. Sci., Proc., vol. Vv, p. 45. -
Geol. Map of North America.

Phil. Acad. Nat. Sci., Jour., n.s., vol.
11, p. 189.
Boston Soc. Nat. Hist., Proc., vol. v, p. 14.

.| Statistics of coal, 2d ed., p. 289.
.1 Am. Jour. Sci., 1st ser., vol. v, p. 186.
.| Outlines of the Geol. of the Globe, p. 96.

Outlines of the Geol. of the Globe. Map.
Am. Jour. Sci., 1st ser., vol. xxxi, p. 357.
Do.
Geol. Rep. N. C., p. 273.
Geol. Map of U. S. in Johnson's Phys.
Atlas.

..] Geol.of N. Amn. by J. Marcou, p. 16.
.| American Geol., part vi, p.1.

Amer. Geol., part v1, p. 19,
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Names and correlations applied to the whole or to portions of the Newark system—Cont’d.

Date. Namse used. Author. Place of publieation.
1857 Lyell,C............... Cited by J.Marcou in Geol.of N.Am.,
p. 16. -
1857 .| Heer,O ooovmvvnnnn.... In Geol. of N. Am., by J. Marcon, p. 16.
1858 Agassiz,L............ In Geol. of N. Am., by J. Marcou, p. 15.
1858 | Mesozoic red sandstone.. ... Rogers, H.D.......... Geol. of Pa., 4t0., vol. 11, p. 667.
1858 | Refers various portions of | Marcon,J............. Geeol. of N. Am., pp. 10-13 and map.
the system to the Keuper
Trias and Jurassic.
1859 | Between the new red sand. | Agassiz,L............ Am. Assoc. Adv. Sci., Proc., vol. 1v, p. 276.
stone and the Ojlitic.
1860 | Mesozoic or new red sand- | Tyson,P.T........... First Rep on Agr. Chem., Maryland, map.
stone.
1861 | Carboniferous .............. Stevens, R.P .........| New York Lyc. Nat. Hist. Ann., vol. vit,
: p. 414,
1864 | Trias -ccevvvcencnacaananann, Hall,J.,and W.E. Lo- | Geol. map of Canada.
gan. °
1864 | New red....ccoueccneonenn-. "Lesley, J.P........... Am. Philo. Soc., Proc., vol. IX, pp. 478-480.
1865 | Permian.................... Creduner,H ........... Neues Jahrbuch, 1865, pp. 803.
1865 | New red sandstone or Trias.| Matthew,G. F........ Rep. on New Brunswick.
1866 | Richmond coal field......... Daddow, S. H., and | Coal, Iron, and Oil, p. 395.
Bannon, B.
1866 | Jurassic .ovceeveneiianaa.a.. Lyell,C...coevnannnnes Elem. of Geol., 6 ed., p. 451.
1868 | Triassic or red sandstone | Cook.G. H............ Geol. of New Jersey, p.173.
age.
1869 | Triassicperiod.............. Dana,J. D ........... Manual of Geol., p. 414.
1871 | Triag ..vvvvmrneeiinnenaan... Lyell,C.........c..con Student's Elem. of Geol., p. 361.
1871 | Triassic or Liassic.......... Shaler,N.S........... Boston Soc. Nat. Hist., Proc., vol. X1v.
p. 117.
1875 | Triassic ..ceovvnvnnnennnn... Kerr, W.Cuevrrrnnnnn Rep. Geol. of North Carolina, p. 116.
1876 | Permian .....oonveeieoaao... Owen,R.....cocoennn. Quart. Jour.Geol. Soc. London,vol. xxx11,
p. 359.
1876 | Triasso-Jurassic............ Lesquereux, Li........ Apn. Rep. U. 8. Geol. and "Geog. Surv.,
Hayden, for 1874, p. 283. .
1878 | Mesozoic formation......... Heinrich, 0.J......... Anm. Inst. Min. Eng., Trans., vol.v1, p. 227
1878 | Trias or new red sandstone.| Dawson,J. W......... Acadian Geology, 3d ed., p. 86.
1878 | Triassic «evvceeeaenenaan.... Russel,L.C........... N. VY. Acad. Sci., Ann., vol. 1, p. 220.
1878 | Jura-Trias........covnnn.... Le Conte,J ..cceno. -t Elem. of Geol., p.439.
1879 | Triagsic-Jurassic ........... Dana,J. Decerennnnnnnn Am. Jour. Sci., 3d ed., vol. xvii, p. 330.
1879 | Jurasso-Triassic............ Rogers, W.B.......... Macfarlane's Railway Guide, p. 180.
1879 | American new red sand- | Frazer,P.............. Am. Nat., vol. X111, p. 284.
stone. ) .
1879 | Rhetic or Younger.......... Fontaine, W.M....... Am. Jour. Sci., 3d ser., vol. Xxvi1, p, 39.
1882 | Triassic ..oveveeeaniiL.. Geikie, A ..oeooania.n. Text Book of Geol., p. 770.
1883 | Older Mesozoic ............. Fontaine, W.M.......| Monograph No.VL,T.S. Geol. Surv.
1883 | Rhetic...covemuieeennaeiiilonann [ U SR Deo. ,
1883 | Triassic .ooveeuenananean.. Davis, W.M.......... Mus. Comp. Zool., Bull., vol. vii, No. 9.
1884 | Jurasso-Triassic............ McGee, WJ ..... e..... 5th Ann.Rep. U.S. Geol. Surv., vol. 11.
1884 | Lower Jurassic, passing | Holcbkiss, Jed........ [Reprint of Rogers’s Ann. Rep., etc., of
downward into Triassic. Va.], Map.
1885 | Triassit eeveevreennennnann.. Cope,E.D...... e Philo. Soc. Proc., vol. XX11, p. 403.
1885 | Triassic or Mesozoic........ Lesley,d.P....o...... Geeol. Atlas of Pa., vol. X, p. vii.
1886 | Tria-Jurassic............... Chapin,J.H .......... Meriden Sci. Assoc., Proc.. vol. 11, p. 23.
1886 | Triassic ....covvoeoonnii... Hitchceock, C. H....... An. Inst. Min, Eng., Trans., vol, Xv,pl, ,

Bull, 8—2 -

o

op. 486,

12
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Names and eorrelations applied to the whole or to portions of the Newark system—Cont’d.

Date. Name used. Author. Place of publication.
" 1887 | Tria-Jurassic or Jura-Tri- | Chapin,J.H.......... Meriden Sci. Assoc., Proc. and Trans.,
assic. vol. 11, p. 23.
1887 | Trias cevenvnniiaeae e Emerson, B K ........ Gazetteer of Hampshire Co., Mass., p. 18.
1888 | Upper Trias ..oveveeeoo. ... Zeiller, Ro..oooueoaiotn Géol. Soc. France, Bull, 3d ser., vol. XVI,
~p. 699.
1888 | Triassic «.u.ueceuveveninann. Newberry,J. S........ Monograph vol. X1v, U. S. Geol. Sury.
1889 | Nowark system............. Russel, I.C........... Am.Geol.,vol. 111, pp. 178-182, vol.v11, 1891,
pp- 238-291.
1890 | Triassic ... Marcon,J..o.oovvucnnn Am. Geol,, vol. v, p. 160.
1890 | Conuecticut, or Connecticut | Hitcheock, C. H....... Am. Geol., vol. v, pp. 200-202.
River sandstone. .
1890 | Newark system............. Darton, N.H.......... U. 8. Geol. Surv., Bull. No. 67.
1891 | Jura-Trias..........c....... Dana,J.D...o....... Am. Jour. Sci., 3d ser., vol. XL, p. 79.
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CHAPTER IL

AREA OCCUPIED BY THE NEWARK SYSTEM.

In studying the Newark system it has been found convenient to give
specitic names to the several detached portions into which it is divided.
The distribution of the principal areas, together with the names by
which they are designated, are shown on the general map forming Pl
1 (frontispiece). Each areais also shown on a larger scale on a separate
map. These form Pls. 1-vI, and in several instances indicate the
positions of subordinate or secondary areas. Special names have pre-
viously been applied to some of these areas by Dana,' Fontaine,” Hein-
rich,® and others, and these will be retained so far as is practicable in
the general scheme of classification now adopted.

The following descriptions of the various areas have been made brief,
for the reason that the accompanying maps will enable the reader to
determine their positions and boundaries more conveniently than could
be done from detailed descriptions, The references given will serve to
indicate where special information may be found.

ACADIAN AREA. .
Acadian Area, Dana.

Under this name are included all the outcrops of Newark rocks in
New Brunswick and Nova Scotia (Pl 11). In New Brunswick these
rocks occur in small, detached areas at Red head, Quaco head, Martin
head and Salisbury cove, on the west side of the bay of Fundy, each of
which occupies probably less than 1 square mile.

In'Nova Scotia it forms the east shore of the bay of Fundy from
Blomidon to Brier island, a distance of about 120 miles. The width of
this belt varies from 5 to 10 miles, excepting at the morth, where it
widens and forms a large part of the shores of the basin of Minas and
Cobequid bay. A portion of Grand Manan island should perhaps also
be included in this enumeration. The total extent of the Acadian area
is approximately 1,050 square miles.

The distribution given above is shown in part by Dawson* on the
majp accompanying his “Acadian Geology,” and in part on the geologi-
cal atlas sheets published by the Geological Survey of Canada.’

1 Manual of Geology, 2d ed., New York, 1875, pp. 404-406.

2Notes on the Mesozoic of Virginia; in Am. Jour. Sci. 3d ses., vol. XviI, 1879, pp. 26-29, 31-37.

3The Mesozoic of Virginia; in Am.Inst. Min. Eng., Trans., vol. vI, 1879, pp. 228-238.

4Province of New Brunswick, Atlas sheets No. 1, N. E., and No. 1,S.E.

5The region occupied by the Acadian arca is shown in part, on the Geological Map of Canada and
Adjacent Regions, by James Hall and W. E. Logan, 1866; also on the map of the Dominion of Canada,
geologically colored, from surveys made by the Canadian Geclogical Survey, 1842-1882. 19
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The reason for not including Prince Edward island in this area, as
bas been done by many writers, is stated a few pages later,

CONNECTICUT VALLEY AREA.

Connecticut River Area, Dana.
Connecticut Valley Area, Dana.

This area occupies the Connecticut valley from a few miles south
of the Massachusetts-Vermont boundary southward to Long Island
sound, a distance of 110 miles. Near its eastern margin in Massachu-
setts there are two subordinate areas, one at Amherst and the other
east of Turner Falls. Total extent about 2,000 square miles.

For the determination of the distribution of the Newark rocks in
Massachusetts and Connecticut, we are indebted principally to the
state surveys under the direction of Hitchcock and Percival. The map
given on the accompanying plate has been compiled from Percivals
geological map of Connecticut, and from a manuscript map of the
geology of a portion of Massachusetts, kindly loaned by B. K. Emer-
son.!

SOUTHBURY AREA.
Southbury Area, Dana.

This outlier of the Connecticut valley area is situated 16 miles west
of its western border, in the towns of Woodbury and Southbury, Con-
necticut. It is about 10 miles long, from north to south, and from 3 to
4 miles wide. Its outlines as shown on the accompanying plate (Pl
111) are from Percival’s geological map of Counecticut, with some de-
tails added by W. M. Dayvis.

NEW YORK~VIRGINIA AREA.

Palisade Area, Dana.
New York Belt, Fontaine.
Potomac Deposit, Heinrich.

This area extends with unbroken continuity from the Hudson river,
near Stony Point, New York, southward, through New Jersey, Penn-
sylvania, Maryland, and into Virginia as far as the Rapidan river,
about 10 miles south of Culpeper (see Pl 1v). The distance in a
straight line between its northern and southern extremities is about
300 miles. Its greatest width, where it is crossed by the Delaware, is
32 miles. Its area is about 5,000 square miles.

In Pennsylvania its width is greatly decreased, and the entire area
bends westward and then sonthward. Its eastern margin is irregular,
owing to deep erosion which has laid bare the Paleozoic rocks beneath.
In Maryland it becomes again nearly north and south in trend, and
west of Frederick, Maryland, is less than 3 miles broad. At the

! This map has since been published in Bull. Geol. Soc. Am., vol. 11, pl. XVII,
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Potomac it increases suddenly in width to 17 miles, and terminates
abruptly south of Culpeper.

The outline of this area, as shown on P. Iv has been compiled
from the geological maps published by the state surveys of New York,
New Jersey, Pennsylvania, and Virginia. The boundaries in Maryland
are from a manuscript map prepared by G. H. Williams, of the U. S.
Geological Survey. The portion in Vicginia has been corrected in part
by N. H. Darton and Arthur Keith, of the U. 8. Geological Survey,
from recent observations. .

The southern part of the New York-Virginia area, and all of the
areas farther south in Virginia, described below, were mapped and
studied by W. B. Rogers, during his survey of Virginia, and have since
been described in detail by W. M. Fontaine and O. J. Heinrich, who
availed themselves of previous observations in the same field. A map
showing distribution of the various Newark areas in Virginia and the
northern part of North Carolina, based largely on the work of Rogers,
but containing some new data, was published by Heinrich in connec-
tion with his paper on the Mesozoic of Virginia.! Theboundaries of the
Newark rocks in Virginia are minutely described by Heinrich, and it
is from his essay that most of the measurements of the Virginia areas
given in this paper are obtained.

BARBOURSVILLE AREA.

Barboursville Deposit, Heinrich.

This area is really an outlier of the great New York-Virginia area,
from the southern end of which it is separated by about 8 miles of
crystalline rocks (Pl vir). Itis sitnated in Orange county, Virginia,
to the west of Orange, and is named from the village of Barbours-
ville, on its west border. It iselliptical in shape and measures about 9
miles from north to south and 2 miles from east to west. Its area
is about 14 square miles.

SCOTTSVILLE AREA.

Buckingham Belt, Fontaine.
James River Deposit, Heinrich.

This area is situated immediately west of Scottsville, Virginia, and is
probably composed of two or more detached belts, the boundaries of
which are not definiteiy known (P1. xv). The total area of the Newark
outcrops in this vicinity, as computed by Heinrich, is from 40 to 45
square miles. They form a long, narrow belt, trending northeast and
southwest, intermediate between the New York-Virginia area, already
referred to, and the Danville area described below.

! Am. Inst. Min. Eng., Trans., vol, vi, 1873, pp. 227-274.
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DANVILLE AREA.

Part of Pittsylvania Belt, Fontaine.
Danville Deposit, Heinrich.

This area begins at the north near.Fa]ling river, in Campbell county,
and extends southward across Staunton river to the north side of Dan
river, just above Danville, Virginia (Pl. vi). Its extreme length from
north to south is 54 miles, its greatest width 8 miles, and its area be-
tween 260 and 270 square miles.

DAN RIVER AREA.

Part of Pittsylvania Belt, FPontaine.
Dan River Deposit, Heinrich.
Dan River Coal Field, of various authors.

The northern end of this area is in Virginia, near Cascade creek
some 10 miles west of Danville. From there it extends southward to
Germantown, North Carolina, a distance of about 40 miles. Its great-
est width is 8 miles, and its area approximately 200 square miles.
Lakeville, North Carolina, is situated near its northern end (see Pl
VI). :

TAYLORSVILLE AREA.

Taylorsgille Deposit, Heinrich.

Taylorsville, Virginia, about 17 miles a little west of north of Rich-
mond, is situated in the center of this area. Its width from east to
west is about 8 miles, and its length from northwest to southeast approx-
imately 10 miles. Its area is about 60 square miles (see Pl. V).

RICHMOND AREA. - .

Richmond Area, Dana.
Richmond Deposit, Heinrich.
Richmond Coal Field, of various authors.

The east border of this areajs 11 miles west of Richmond, Virginia
(see PL V). It is crossed from east to west by the James river, and
thus divided into two unequal parts, the larger of which is to the south.
Its extreme length from north to south, including a narrow spur which
projects into the crystalline rocks at the north end, is 314 miles, The
main field, as determined by Heinrich, is 24 miles long from north to
south, and 74 to 10 miles broad. Its area is about 189 square miles.

Included under the name here used are several small detached basins
along the eastern border of the main area. The most distant of these
is the one in which the Deep Run mines are located, about 6 miles east
of the northern end of the main area. The deposit at Deep run is des-
ignated as the Springfield deposit by Heinrich, and is stated to have
an area of about 1-6 square miles.
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FARMVILLE AREA.

Parmville Deposit, Heinrich.
Prince Edward Belt Fontaine.
FParmville Coal Belt of various authors. )

Under this head are included two detached areas of Newark rocks,
one on the south and the other principally on the north of the Appo-
mattox river near Farmville, Virginia (see PL 1v). The larger area
lies to the northwest of Farmville and is crossed near its southern end
by the Appomattox river; it is about 16 miles long from north to south,
and 2 miles wide, and has an area of about 22 square miles. The smaller
area is south of the river and is less than 2 miles long from north to
south, and about a milg broad. The entire surface occupied by Newark
rocks near Farmville measures about 24 square miles.

DEEP RIVER AREA.

Deep River Coal Fields, BEmmons.
Part of “North Carolina Area,” Dana.

This area is sitnated wholly in North Carolina, its northern terminus
being near Oxford (See Pl vI). It extends southward in an irregular
belt for about 100 miles, and has an average breadth of approximately
.8 miles, but its boundaries have never been accurately determined. Its
area may be stated roughly at 800 square miles. Its outline, as shown
on the accompanying map, is from Kerr’s geological map of North Car-
olina, and as determined from a reconnaissance by the present writer
is only approximately correct. Owing to the lack of topographic maps
in this region, it has not been practicable up to the present time to
determine its boundaries more accurately than was done by Kerr. I
may state in passing, however, that its east border, near Raleigh, is
distant about 8 miles from that city, instead of 16 miles as shown by
Kerr.

The coal mines of Egypt, Gulf, etc., are situated in this area, and next
to those of the Richmond area, are the most important in the Newark
system.

On both the east and west borders of the main area there are detached
basins occupied by Newark rocks, some of which are indicated on Kerr’s
geological map. '

A description of the extent of this area was given by Emmons,' and
portions of its outline were mapped by Wilkes.?

WADESBORO AREA.

Part of “North Carolina Area,” Dana.

The northern end of this areags near Pekin, North Carolina. From
-that place it extends. southwarfgtoghe state line, a distance of about

1 Geological Report on the Midland Counties of North Carolina, 1856, pp. 227-254.
2 Report on the Deep River Country, inNorth Carolina; in Report of the Secretary of the Navy to the
Thirty-fiftth Congress, second session, Senate Ex. Doc. No. 26, 1858.
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30 miles. Its width near Wadesboro, where it is crossed by the Caro-
lina railroad, is about 16 miles (see PL. vI).

It has been stated by several writers thatits southem end isin South
Carolina, and it is so indicated on Kerr’s map, but my own reconnais-
sance in that region indicates that it ends in North Carolina, close to
the state boundary. Associated with 1t are several secondary areas,
some of which were mapped by Kerr. The boundaries of the Wades-
boro area, like those of the others in North Carolina, are only approx.
imately known. Its avea is in the vieinity of 275 square miles. '

The Newark areas in North Carolina were studied' by Emmons and
Kerr during their respective surveys of the state and were mapped by
Kerr.!

SUMMARY—AREAS AND DISTRIBUTION.

The Newark system is confined to the Atlantic border, and occurs in
narrow belts, the longer, larger axes of which trend in general north-
east and southwest, their general course being parallel to the folds of
the Appalachians.

The distance in a straight line from the most northerly to the most
southerly exposure is about 600 miles. The bearing of a line joining
their two extremities is about northeast. The entire area occupied by
the system is, in round numbers, 10,000 square miles.

Some of the areas were indicated in an indefinite manner on the
geological maps of the United States by McClure and Marcou. They
also appear on the recent geological maps of the United States, com-
piled by Bradley, Hitchcock, and McGee.

tReport on the Geology of North Carolina, vol. 1, 1875, map.
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CHAPTER III.

PRESENCE OR ABSENCE OF NEWARK ROCKS ON PRINCE ED-
WARD ISLAND.

HISTORICALS

In the account of Prince Edward island given by Dawson in ¢ Aca-
dian Geology”! nearly all of the surface rocks, consisting mainly of
sandstones and shales, are referred to the “Trias or New Red Sand-
stone;” but the occurrence of older rocks, considered as belonging to
the Permian or to the upper portion of the Carboniferous, was noted at
Gallas (Gallows) point, on the south side of the island. On the geolog-
ical maps accompanying the various editions of the ¢ Acadian Geology”
the whole of the island, excepting the sand dunes along the northern
shore and the trap rock of Hog island, is colored as ¢ Trias or New Red
Sandstone.”

The island was reexamined by Dawson and Harrington? in 1871, and
the classification previously established retained, but the area occupied
by Carboniferous rocks was somewhat extended. On the map accom-
panying this report all of the island is colored as Triassic, excepting
small areas at Gallas point and a narrow strip extending from West
Point to Cape North, on the west shore. This distribution is retained
by Dawson in the supplement to the “Acadian Geology” published in
1878. In this paper a typical section, 500 feet thick, at Oswald bay, ad-
jacent to the Carboniferous area of Gallas point, is presented, in which
the lower portion, it is stated, ¢may be referred to the lower division
of the ‘Bunter,’ and the remaining to the upper division of the forma-
tion, or ‘Keuper.”” That this classification was provisional is implied
by the author, who remarks:® ¢ The dips are so low, and the beds so
much affected by oblique stratification, that those of the Trias can not
be said to be unconformable to the underlying Carboniferous rocks;
and for this reason, as well as on account of the similarity in mineral
character between the two groups, some uncertainty may rest on the
position of the line of separation. That above stated depends on fossils,
on a somewhat abrupt change of mineral character, and on a slight
change in the direction of the dip.” The fossils on which this classifi-
cation was based are referred to on a later page.

. 'Third edition, London, 1878, pp. 116-124.

' 2Report on the Geological Structure and Mineral Resources of Prince Edward island. Montreal,
1871, pp. 7, 8, 13-22, 45, 46, Pl. 1r. . .

_ ?Supplement to the third edition of Acadian Geology. Londou, 1878, pp. 29, 30. 2%

N
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+ In 1881 some fossil plants were obtained by Bain! from localities on
the south side of the island, in rocks previously regarded as Triassic
by Dawsou. These plants were identified by Bain and referred to the
Permo-Carboniferous. These fossilsled their discoverer to the inference.
that the Permo-Carboniferous formation is more extensively distributed
on the south side of the island than had previously been supposed.

A few years later the geology of Prince Edward island was studied
by Ellis.? In his report the extension of the lower series of rocks was
greatly enlarged, and the conclusion reached that the area occupied by
Triassic rocks was very limited. The evidence presented by this author
suggests that all of the sandstones and shales of the island belong to
one system. Elis states that he visited the greater part of the coast
between Cape North and Oswald bay, on the south and west; various
portions of the north side of the island were also carefully examined.
The great similarity of the rocks at these localities to the Permo-Car-
boniferous rocks of New Biunswick is pointed out. Itis also stated
that the rocks differ in a marked manner from the Newark beds of the
Minas basin, Nova Scotia. In'a note on.the margin of atlas sheet No.
b, S. W., accompanying this report, the author states:

The examination made last fall showed that strata identical in character and in
their contained plants, which were abundant at many points, extended around the
entire south and west coast and a portion of the north of Richmond bay. Thedraw-
ing of any linc separating the 'frias from the Upper Permo-Carboniferous in this
area is not deemed practicable. The finding of the fossil reptile ¢ Bathygnathus” in
the rocks near New London, as well as several plants in the vicinity of Richmond
bay, which have been recorded by Dr. Dawson as typical of a true Trias horizon,
renders it possible that small areas of that age may occur, but their delineation will
be very difficult. The great similarity of the strata of the eastern and northeastern
portions of the island shows that the Triassic, if existing at all, occurs in isolated
patches. It has been deemed best, therefore, to color the island uniformly Permo-
Carboniferouns, as most in accordance with the age of the greater portion of its strata.
The great similarity of munch of the formation to that seen in the northern portion
of CumbBerland and Colchester counties, in Nova Scotia, and which is undoubtedly
the Upper Carboniferous, is very apparent. :

The discussion of the geology of Prince Edward island was renewed
by Bain and Dawson?® in 1885. In the paper by these authors, Dawson
refers to the conclusion cited above as follows: “Mr. Ells * * * not
only extends the limits of the lower series, but regards the Trias as very
limited and not clearly distinguishable from the Permo-Carboniferous;
but in this last respect I can not but think he exaggerates the difficulty
occasioned Dy the low dip of all the beds, and the strong mineral re-
semblance of the Trias to the underlying Permo-Carboniferous, from
whose disintegration it has undoubtedly been derived.” Dawson then
presents the evidence furnished by fossils, and as I shall have occasion

1Note on fossils from the Red Sandstone System of Prince Edward island. In Canadian Naturalist,

n. 8., vol. IX, 1881, pp. 463-464.

2 Report of Explorations and Surveys in the Interior of the Gaspé Peninsula, 1683, 1n Geol. and
Nat. Hist. Surv. of Canada, Report of Progress, 1882-'83-'84. Montreal, 1885, pp. 11 E-13 E. (Ac-
companied by 9 atlas sheets.

3 Notes on the geology and fossil flora of Prince Edward jsland. In Canadian Record of Science,
vol. 1, pp. 154-161, B
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to refer to the meagerness of these records, I quote his statement nearly
entire, as it appears in the ¢ Notes on the fossil flora of Prince Edward
island,” referred to above. The same evidence is presented also more
or less fully in the writings of Dawson previously cited, and especially
in the report of 1871. In describing the fossil plants Dawson says:

The beds at Miminigash, Gallas point, St. Peter island, Governor island, Rice
point, and other places on the south coast contain plants which elsewhere charac-
terize the Upper Carboniferous and Lower Permian. At certain points in the inte-
rior of the island and in the bays of the north coast, which represent troughs be-
tween the Permo-Carboniferous anticlinals, there are found plants indicating a
higher horizon. Here the characteristic Carboniferous species are absent, and their
place is taken by others, either Permian or Triassic. For example, the abundant
coniferous wood of the Carboniferous species, Dadoxylon materiarium, is replaced by
an entirely different type more characteristic elsewhere of the Trias, Dadoxylon ed-
vardianum. - Some of the fossils found in this by Mr. Bain are undoubtedly of Per-
miam aspect, as, for instance, the Walchias and Calamites gigas. Others, like the
Dadoxylon above referred to and the curious Cycadoidea abequidensis, are undoubtedly
more Triassic in aspect.!

The description of these plants is continued as follows:

The few plants collected by Mr. Bain in the Upper Trias, or Trias proper, are
especially interesting in consequence of the paucity of well preserved fossils in this
formation. He finds in these beds a Calamites with very fine ribs of the type C.
arenaccous, and which may be an internal cast of that Triassic species which, when
perfect, is really an Equisetum rather than a Calamite, also certain Knorri-like
branches different from Tylodendron, but probably branches of coniferous trees,
and a species of Walchia apparently distinct from that of the lower beds. It has
very stout and straight branches marked with interrupted furrows. Its branch-
lets are long, slender, and crowded, and at right angles to the branch. The leaves
are closely appressed, triangular, and scale like. Detached branchlets have thus
the aspect of the Mesozoic genus Pachyphyllum, but the habit of growth is that
of Walchia. The species is near to . imbricata of the European Permian, but
sufficiently distinct to deserve a name, and I have therefore called it W. imbricatula.
- [Figure given.]

It is to be observed that in the red sandstones of Prince Edward island all the
more delicate plants and even twigs of coniferous trees have completely lost their
organic matter and are represented by mere impressions, stains, or casts in clay or
sand, so that it is very difficult to ascertain their minute characters.

The general result, in so far as the subdivision of beds is concerned, would seem
to be that the lower series is distinctly Permo-Carboniferous, that its extent is con-
siderably greater than was supposed in 1871, that there is a well characterized over-
lying Trias, and that the intermediate series, whether Permian or Lower Triassic,
is of somewhat difficult local definition, but that its fossils, so far as they go, lean
to the Permian side. [Pp. 160, 161.]

. DISCUSSION OF THE EVIDENCE.

The evidence advanced in favor of the presence of both the Permo-
Carboniferous and Triassic systems on Prince Edward island is entirely
paleontological. The absence of an unconformity -between the lower
and upper rocks and the similarity in their lithological characters are
admitted by all. The evidence of the Newark age of the upper por-
tion of the rock series is based on a small number of fossil plants and

10p. cit., p. 158,
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on a single reptilian fossil, which have been considered as indicating a
parallelism with the Triassic Europe.

PLANTS.

The first of the fossil plants referred to by Dawson in the quotation
given above is Dadoxylon edvardianum, determined from a mieroscopic
study of fossil wood. It is related generically to other fossil woods
found in the Carboniferous, and even as low down as the Devonian, and
is represented by the Araucarias at the present day.

There is no reason why fossil wood should not be used as a means of
determining geological horizons, if sufficient observations were recorded
to determine the range of various genera and species. At present,
however, only a few species of Dadoxylon are known, and these range
from the Devonian upward to beyond the Mesozoic. The fact that the
wood described by Dawson belongs to a hitherto unknown species of a
genus of wide geological range does not indicate any definite horizon.
As stated by Dawson, it has its nearest specific ally in the Trias of
Europe, but also resembles a species from the Permian. If we knew
the geological age of varions species of- this ancient pine more
thoroughly, its evidence might have some weight; but at present it is
a fact of interest, which it is proper to record, but can not be con-
sidered as hamng taxonomic importance.

The Cycadoidea ( Mantellia) abequidensis, described by Dawson in the
report for 1870, as evidence of the Triassic age of the sandstones of
Prince Edward island, is based on a fragment of the trunk of a sup-
posed Cycadeian plant, in which the structure has disappeared. It
was found near Gallas point, in the immediate neighborhood of rocks
that are admitted by all to be Permo-Carboniferous, and in rocks which
Ells has since shown to belong to that system. Dawson refers this
fossil, with doubt, to the Cycadoidea, for the reason that the limits of
that genus are stated to be “less restricted than the genera Mantellia
or Carruthers.” ]

Besides the fossils just mentioned, the rocks under consideration
have yielded certain obscure stems, fo1 which Dawson creates the pro-
visional genus “Xnorria.” These are stated to resemble closely certain
Permian stems, described as Schizodendron of Eichwald, from the
Permian of Europe. Whether related most nearly to the conifers or
the cycads is uncertain.

In addition, there are certain flattened branches, referred to Sternber-
gia, and closing the list are obscure impressions referred to the fucoids.

The obscure condition in which these fossils are found is referred to
by Dawson in the quotation given above. It is evident that their
value as a means of determining geological age is small, on account of
their imperfect preservation. There is not a single species in the list
that has been found in other localities, and even the generic relations
of all but the Dadoxylon are uncertain. In the rocks determined by
Dawson as Permo-Carboniferous he finds Knorria-like stems and a
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species of Sternbergia which, from his description, can not be distin-
guished from those in the upper series. The genera Walchia and Da-
doxylon also occur in the lower series. The specific identity of these
plants is stated by Dawson to be different from those above; but to one
reading his report the relation of the flora in the so-called Triassic
rocks to the flora in the supposed lower series seems certainly more
intimate than to any other flora cited by Dawson. Such relations as
are pointed out seem more strongly Permian than Triassic.

To a geologist whose knowledge of paleobotany is but slight the
evidence of geological age furnished by the plants in the upper portion
of the sandstone of Prince Edward island seems to be very meager and
unsatisfactory, but appears to tend toward Paleozoic rather than Meso-
zoic affinities. .

‘While venturing to point out the small taxonomic value of the plants
referred to above I do not wish to be understood as undervaluing the

. work of paleobotanists. By actumulating such evidence as has been
recorded by Dawson and Bain we may ultimately have a reliable means
of determining the identity of widely separated formations.!

1Since writing the above I have had occasion to consult F. H. Knowlton of the U. S. Geological
Survey in reference to certain specimens of fossil wood from the Newark system, and found that he
had also examined the evidence as to the age of the rocks of Prince Edward island; his letter on this
subject is here inserted :

I have examined the slides of the six pieces of fossil wood obtained by you from the Triassic of
North Carolina, and, with the possible exception of one piece, have been able to identify them te my
entire satisfaction with Araucarioxylon arizonicum Knowlton. This species was described (Proc. U.
S. Nat. Mus., vol. X1, 1888, pp. 1-4, pl. I) from specimens collected in New Mexico and Arizona from
the Shinarumyp group of Powell; I have also recently detected the same species, or at most only.a
slightly divergent variety of it, from the vicinity of the copper mines near Abighiu, New Mexico.

This species is entirely unlike Dadozylon Fdvardianwm described by Dawson from the so-called
Triassic of Prince Edward island. *

In regard to Prince Edward island, a portion of which has been referred to the Triassic by Dawson,
largely upon paleobotanical evidence, I may say that I have been over the evidence with some care,
and in the absence of the actual specimens for study and comparison, I think I am safe in saying
that the data upon which he bases his conclusions are by no means sufficient or satisfactory. The
only two forms to which he gives specific names are new to science and, as species, can of course have
no weight in determinining stratigraphic position, but as gencra they may have.

The first species, Dadoxylon edvardianum, is regarded by Dawson as being closely allied to two
species from the Permian and one obscure species from the Keuper. Now, as at present understood
the genus Dadoxylon does not come up into the Mesozoic, but is a Devonian or Carboniferous genus.
Moreover, judging from the somewhat crude figures, it belongs decidedly to the more ancient forms
showing the Araucaria-like structure characteristic of the Paleozoic, rather than the more highly
differentiated forms which are now referred to Araucarioxylon.

Sternbergia is a Paleozoic genus and represents the pith of Cordaites, a genus which never goes
above the Permian and had its maximum development in the Devonian and early Carboniferons.

Knorrie is of no value in the present instance in determining age, since Dawson says they ‘* very
closely resemble the Permian stems to which Eichwald has given the name ‘‘Schizodendron,” and fur-
ther show internal structure similar to that of stems from undoubted Carboniferous strata (Gallas
point) already referred to Dadoxylon.

Fucoids.—These are also of no value in the present case as they are very obscure and are doubtfully
regarded as being fucoidal.

Cycadoidea.—This is the other form to which Dawson has given a specific name, and if it is really
a cycad undoubtedly argues o Mesozoic age even later than the Triassic. But without the specimen
in hand, and only judging from the figure of it, it seems not improbable that it may be a cone of somo
conifer, particularly when we remember #he other things with which it is associated, and further than
this the specimen is doubtfully from what he calls Triassiac. It is the only thing which is character-
istically Mesozoic. . .

As for the value of the Dinosaurian remains (Bathygnathus borealis) I am of course unable to Jjudge.

Very truly, yours,
F. H. KNOWLTON,
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ANIMALS. *

Vertebrate fossils.—In discussing the age of the sandstones of Prince
Edward island the fossil reptile known as Bathygnathus borealis is fre-
quently referred to. This is the only fossil besides plant remains now
known from these rocks. The fossil bone with teeth, on which the
genus and species mentioned were founded, was obtained by Dawson
near New London, on the north side of the island, and described and
figured by Leidy! in 1854. The remains were referred to the New Red
Sandstone by Dawson and Leidy on geological determinations simply,
and not on account of the zoological relations of the fossil. Even the
family to which Bathygnathus belonged was not established until long
afterwards, if it is now definitely fixed. In a later discussion of the
age of the rocks in which this fossil was found, it is advanced as evi-
dence that they are Triassic. This reasoning is not such a complete
circle as it appears, however, as our knowledge of fossil reptiles has
been greatly increased since Bathy Jgnathus was described, and it has
been determined by Cope that its nearest relation is to the Dinosaurs,
which had their greatest development in Mesozoic time.

The fossil referred to was described by Leidy “as the right dental
bone” of the lower jaw, with seven teeth attached. Its position was
reversed, however, by Owen,? who claims that the bones are portions
of the ‘“skull, including the left maxillary, premaxillary, and nasal
bone.” It is considered by Owen as a Theirodont reptile, probably of
Permian age.

Able paleontologists thus differ as to the zoological affinities of
Bathygnathus, and as it is the sole representative of a genus, its value
to the geologist as a means of identifying the horizous of the strata in .
which it occurs is not conspicuous. If a Dinosaur, as considered by
several paleontologists, it would seem to indicate that the rocks in
which it occurs are Mesozoic. If a Theirodont, as claimed by Owen, it
would indicate a Permian age. To the geologist who must look to the
paleontologist for the determination of the fossils he finds, the evidence
of age furnished by Bathygnathus seems nearly equally divided between
the Paleozoic and Mesozoic, but bending perhaps more strongly toward
the latter.

OTHER INDICATIONS OF GEOLOGICAL POSITION.

Trap rock, undistinguishable from the similar rocks so abundant
throughout the Newark system, occurs at a single locality on Prince
Edward island. This has been considered by some as evidence of the
Triassic age of the sedimentary beds with which it is associated. Else-
where in this paper it is shown that the trap rocks of the Newark sys-
tem belong to a vast series stretching for nearly 1,000 miles along the
Atlantic coast. This series appears in the sedimentary beds of the

1On Bathygnathus borealis, an Extinct Saurian of the new red sandstone of Prince Edward island.
In Philadelphia Acad. Nat. Sci. Jour., 2d ser., vol. 11, 1850-1854, pp. 327-330, pl. XXXUI.

2 Evidence of the Theirodonts in Permian deposits elsewhere than in South Africa. In Geol. Soc.
of London, Quart. Jour., vol, XXx11, 1876, pp. 352-366,
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Newark system as dikes and sheets, and occurs also in dikes in the
rocks surrounding the various Newark areas, and cutting formations
of all ages from the Archean upward to the base of the Potomac, but
does not occur in rocks younger than the Newark. The only evidence
of age, therefore, that can be claimed for the trap on Prince Edward
island is that the rocks which it penetrates are presumptively not
younger than the Newark system; they may belong to the Carbon-
iferous or to any older series.

Throughout the various areas of the Newark system from North
Carolina to Nova Scotia there is a great unconformity between the
rocks of that system and those on which it rests. On Prince Edward
island an unconformity between the rocks referred to the Permo-
Carboniferous and those supposed to be of Newark age is wanting.
‘While the absence of such an unconformity does not prove that there
is but one system of rocks on Prince Edward island, it is strongly
suggestive that such is the case. ¢ ‘

In discussing the age of the rocks in question, nearly all comparisons
have been made with the Triassic and other formations of Europe.
‘What is of special interest, however, is their relation to the Newark
system. This, it is to be presumed, can be better attained by a direct
comparison than by comparisons through a more distant formation.
Evidence of the relation of rocks of Prince Edward island to those of
the Newark system may be looked for (1) in the ‘fogsils they contain;
(2) in the lithological resemblances of the beds to those of the Newark
system; and (3) their structural relations to other systems, the relations
of which to the Newark are known:—

1. No fossils are known to be common to the rocks of Prince Ed-
ward island and to the Newark system.

2. Lithologically the rocks in question on Prince Edward island, as
stated by Ells and others, differ widely from the rocks of the
Newark system in the Acadian area, with which they are geographically
nearest related; and besides, they bear a marked resemblance to the
Permo-Carboniferous rocks on which they rest, and to those of New
Brunswick.

3. Throughout all of the various Newark areas, as will be described
later in this paper, there is a great unconformity between the rocks of
the Newark system and the formations, some of which are Carbonifer-
ous, on which they rest.

CONCLUSIONS.

The absence of Newark fossils in the rocks of Prince Edward island;
the close lithological similarity of the beds in the upper and lower por-
tions of the sections there exposed, the lower rocks being Permo-
Carboniferous; and the lithological difference of the rocks from the
sandstone and shales of the Newark system, seem to me sufficient
. ground for not considering any portion of the stratified rocks of Prince
Edward island as belonging to the Newark system.



CHAPTER IV.

LITHOLOGY AND STRATIGRAPHY.

The main portion ot the Newark system is composed of conglomerate,
breccia, arkose, sandstone, shale, and slate.! Of these sandstone and
shale are by far the most abundant. There are besides a few thin
limestone layers and deposits of coal. The igneous rocks are described
in a separate section. .

CONGLOMERATES AND BRECCIAS.

Coarse deposits, composed of both rounded and angular stones, occur
especially at the base of the system, and along the borders of some of
the areas.

Conglomerates have been reported by Emmons? in some of the
southern areas in the medial portion of the system, or, at least, far
above its base, but in some instances, as shown by my own observatmns,
these exposures are portions of the basal conglomerate, brought to
light by faulting. The prevailing structure of the system was not
recognized at the time Emmons made his survey of North Carolina,
and the hypothesis that the presence of conglomerates at the surface
in the central portions of the Newark areas might be due to faulting
was not considered. No unconformities by erosion have been recorded
at the horizons where the conglomerates referred to are supposed to

1 Descriptions of the character and distribution of the clastic rocks of the Newark system may be
found in the following works:

Acadian area: J. D. Dawson, Acadian Geology, 2d and 3d ed., pp. 86-124.

Connecticut valley area: J. G. Percival, Rep. Geol. Connecticut, 1842, pp. 426-452. Edward Hitch-
cock, Final Rep. Geol. Massachusetts, 1841, vol. 11, pp. 441-446.

New York-Virginia area: W.W. Mather, Geol. of New York, 1843, pp. 285-289. H. D. Rogers,
Description of the geology of New Jersey, Final Report, 1840, pp. 117-141. G. H. Cook, Geology of
New Jersey, 1868, pp. 206-226. G. H. Cook, Geol. of New Jersey, Ann. Rep. for 1882, pp. 17-43. N.
H. Darton, U. 8. Geol. Survey, Bull. No. 67, 1890. H. D. Rogers, Geol. of Pennsylvania, 1858, vol. 11,
pp. 667-680.

New York-Virginia and other areas to the south: W. B. Rogers, A reprint of annual reports and
other papers on the geology of the Virginias, 1884, pp. 323-328, 475-480. O. J. Heiurich, Mesozvic
formation of Virginia; in Am. Inst. Min. Eng., Trans., vol. v, 1878, pp. 227-274, W. M. Fontaine,
Notes on the Mesozoic of Virginia; in Am. Jour. Sci., 3d ser., vol. XvI1, 1879, pp. 25-39, 151-157. Ebe-
nezer Emmons, Geological report of the midland counties of North Carolina, 1856, pp. 227-268.

The building stones of the Newark system have been described by S.W.Hawes, Report on the
building stones of the U. §.; in Tenth Census of the U. 8., vol. x, 1884, pp. 25-27, pl.13. N. 8. Shaler,
Report on the building stenes of the U. S.; in Tenth Census of the U. 8., vol. X, 1884, pp. 126,127, 141-
144, 155-157, 177, 178, 179, 180, 181, 182, pls. 45,46. S. P. Merrill, Collection of building and ornamental
“stones in U. S. National Musoum; in Smithsonian Inst. Ann. Rep.for 1885-'86, pp. 277-648.

2Emmons, Ebenezer: Geol. Rep. of the midland counties of North Carolina, 1856, pp. 227-239; also,
American Geology, part vi, Albany, N. Y., 1857, pp. 9-11.

.32 .
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oceur, and additional study is necessary before such marked physical
changes in the history of the system as would be implied by the presence
of & widespread stratumn of coarse material far above its base, can be
accepted as proved.

The important and cluu.mcteustl(, conglomerate of the system occurs
at its base, and is quite gencrally exposed along the borders of the
various areas toward which the rocks dip.

In the Acadian area the lower rocks are coarse, and form character-
istic conglomerates, as is shown by exposures on the borders of the
Dasin of Minas, and in isolated patches on the west side of the bay of
Fundy.

In the Connecticut valley a coarse conglomerate, sometimes contain-
ing rounded bowlders 2 or 3 feet in diameter, occurs along the eastern
margin of the area aud about its northern end, but is seldom seen on
its west border.

Coarse deposits also form the basal portions of the Southbury area.

In the New York-Virginia area a coarse brecciated conglomerate
occurs at intervals all along the western margin. The same is true of
the detached areas farther south, which fall in line with the New York-
Virginia area. These are the Barboursville, Scottsville, Danville, and
Dan river areas. On the east side of the New York-Virginia area
coarse deposits are mostly wanting, but have been observed at a few
localities in New Jersey and Pennsylvania. Beneath the Palisades along
the west bank of the Hudson the basal conglomerate is represented
by & course arkose, apparently derived from the waste of an area of
feldspathic gneiss. Coarse brecciated conglomerates occur also in the
more easterly areas in Virginia and North Carolina, but, contrary to
what might perhaps be expected, are frequently exposed on their west
borders and but seldom seen along their eastern margin. It is also
frequently well exposed in small linear, outlying patches of Newark
rocks, near the borders of the Richmond, Farmville, Deep river, and
‘Wadesboro areas. These detached or secondary areas adjacent to
the larger oues owe their preservation to the downward faulting of
the Newark beds, which has carried portions of the basal member of
the series below the plane of preseut denudation. The conglome-
rates e\posed in these situations are clemlly portions of the basal con-
glomerate.

The general absence of coarse conglomerates along the eastern
border of‘the southeastern areas just mentioned is due, in part, to the
presence of marginal faults, which bring fine offshore deposits of the
Newark system in direct contact with the encircling crystalline rocks.
In other places the junction of the Newark system with th ecrystallines
is obscured by quite recent sedimentary beds and by the products of
subaerial decay, so that it is difficult to determine the nature of the
rocks near the line of contact.

A study of the voluminous reports and essays of various geologists,
Bull. 85
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a portion of which are indicated in the foot note on page 32, aided by
apersonal reconnaissance, seems to warrant the conclusion that the basal
portion of the system is generally a coarse brecciated conglomerate, hav-
ing a thickness ranging from a few feet to perhaps 150 feet. Over con-
siderable areas, especially along the west border of the Connecticut val-
ley area and the east border of the New York-Virginia area, the lower
beds are fine and must have been deposited at a distance from shore.
The shore line against which the Newark rocks were deposited at various
stages may frequently be distinguished by a marked thickening and an
increase in the size of the fragments composing the basal conglomerate.

The marginal conglomerate is not a separate and independent forma-
tion capping the Newark system, as has been at times supposed, but is an
extension and a local thickening of the basal conglomerate. Coarse
deposits extended out from the ancient shore line in certain localities,
as has been stated, and on their outer margins became interstratified
with finer offshore sediments. The coarse shore deposits and the finer
offshore deposits overlap and form a heterogeneous terrane.

In speaking of the former shore of the Newark estuary, it is not in-
tended to convey the idea that the shore line at the last stage of depo-
sition is still preserved. The whole region occupied by the Newark
system has been upheaved since the last of its strata were laid down,
and reduced to a base level by erosion. This process has possibly been
repeated more than once. The result is that the marginal conglomer-
ates now exposed belong in large part to the earlier stages in the depo-
sition of the system. Neither do all of the shore deposits now exposed
belong to a single horizon. As will be mentioned when the structure
of the system is described, the plane of base-level erosion which deter-
mined the present surface of the Atlantic slope cuts deeper into the
Newark rocks in North Carolina and Virginia than it does in New Jer-
sey and the Connecticut valley. The marginal conglomerates are com-’
posed of both rounded and angular débris derived from adjacent por-
tions of the encircling crystalline and Paleozoic terranes. In places it
is highly calcareous, and is used for ornamental building stone and for
the manufacture of lime. At other places it is largely composed of
quartz pebbles and is sufficiently compact to be used for millstones.
Again, it is made up of schists and slates, and can scarcely be distin-
guished, especially when somewhat decomposed, from the rocks of the
adjacent gneissic areas from which its material was derived. The con-
glomerate, when calcareous and when largely composed of quartz peb-
bles, is usually light colored, commonly gray. It frequently carries the
remains of tree trunks and branches, now changed to lignite, and ob-
scure impressions of leaves. At other localities it is highly ferrugi-
nous, barren of fossils, and passes by insensible gradations into the or-
dinary brown sandstone, which is the most widely known rock of the
system. In all cases, so far as can now be judged, the coarse deposits
are of local origin and were derived from neighboring shores.
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Associated with the coarse shore deposits, especially in the Connecti-
cut valley and in New Jersey, there are fine, dark carbonaceous slates
which contain fossil fishes and the impressions of plants.

SANDSTONES, SHALES, AND SLATES.

The greater part of the clastic rocks of the Newark system are red-
dish brown sandstones and ferruginous shales. These grade into each
other soas to form a great variety of lithologic variations, ranging from
a compact and almost vitreous sandstone to friable shales and clays so
soft that they crumble between one’s fingers.

Interstratified with these deeply colored rocks are occasional layers
of gray sandstone and mottled shales. Although light colored strata
are present in considerable thickness in certain localities, they are not
sufficiently abundant to justify a modification of the statement that the
characteristic color of the system is brown or brownish red.

The more compact sandstone is quarried at a large number of locali-
ties throughout the system, and is extensively used for architectural
purposes in nearly all of the cities of the Atlantic coast. The reports
on building stone mentioned in the footnote on page 32, give detailed
information in this connection.

‘When the sandstones are examined under the microscope they reveal
the fact that they are composed of a great variety of mineral and rock
fragments, but in the main are formed of grains of quartz, feldspar, and
mica. Intherocks having the characteristic ferruginous color, the indi-
vidual grains are coated with a ferriginous, clayey incrustation, which
also cements the particles one with another and imparts its color to the
rocks.

It seems probable that the origin of the coloring matter is to be found
in the subaerial decay of the crystalline and Paleozoic rocks from which
the débris forming the strata were derived.!

Some of the strata of the Newark system are fine grained, black,
highly bituminous slates. These occur to a limited extent in the Con-
necticut valley and New Jersey, but are present in great abundance
in the Richmond, Deep river, and Dan river areas. In the southern.
areas these rocks are associated with coal-seams, and in some instances
pass into black-band iron ore of limited economic value.

LIMESTONES.?

The limestones are seldom more than a few feet thick and are mostly
confined to a feir localities in the Connecticut valley and the northern

1 Russell, I. C.: Subaerial decay of rocks and the origin of the red color of certain formations. Bull.
T. S. Geol. Surv., No. 52, 1889, pp. 45-56.

2 Hitcheock, Edw'n'd Geol. Massachusetts, Final Rep., 1841 vol. 11, p. 444. Percival,J. G. : Geol.
Connecticut, 1842, pp. 442-444. Mather, W. W.: Geol. of New York, 1843, p. 288. Rogers, H. D De-
scription of the Geol, of New Jersey, Final Report, 1840, p.134. Cook, G.H.: Geol. of New Jersey,
1868, pp. 214, 215.
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part of the New York-Virginia arca. Very impure limestone, scarcely
distinguishable from carbonaceous slates, does occur, however, in con-
nection with some of the coal-bearing strata at the south. These strata
are distinct from the marginal calcareous conglomerates, and frequently
occur at a distance of several miles from the borders of the system, and
are interstratified with shales and fine-grained sandstones.

They are usually compact, light colored, fine-grained rocks, and are
without fossils or other evidence of being of organic origin. Neither do
they have the characteristics of chemically formed deposits. In some
instances they seem to have originated from the deposition of calea-
reous mud derived from the erosion of adjacent limestone areas.

COAL.

In the New York-Virginia and more northern areas no coal seams
have been found, although the presence of carbonized free trunks, or
other very limited quantities of carbonaceous material, have been re-
ported from time to time as true coal seams. The usual high dip of the
strata in the northern areas renders it evident that coal seams would
be likely to reveal themselves did they exist. The presence of strata
of highly carbonaceous shales in these areas is the only suggestion of
the possible presence of coal that the geologist has to offer.

‘Workable beds of coal have been discovered in the Richmond, Farm-
ville, and Deep river areas. The coal is bituminons except where
alteration has occurred, owing to the heat of intruded igneous rocks.

QUALITY OF COAL.

In the Richmond field it is described by Heinrich! as being highly
laminated, bright black, highly resinous, and composSed of thick laminzx
in thin layers alternating with dull black lamine of less dimensions.
On the fresh fracture, which is more or less conchoidal, it is jet black,
luster resinous and splendent. It splits most readily parallel to the
stratification, which is strongly marked by the alternate dark and
bright layers.

This description would apply equally well to much of the coal of the
Farmville and Deep river areas. Asitis seen at the mines, the bet-
ter grade is bright and compact, and indicates at once that it is a val-
uable fuel. This general impression is sustained by many tests that
have been made, and by the favor with which the coal of the Richmond
field, espemally, has been received by those interested in gas and other
industries in the city of Richmond.?

The average composition of eleven samples of coal from as many mines

1 The Mesozoic formation in Virginia: Am.Inst. Min. Eng. Trans., vol. vI, 1879, p. 243,

2Johnson, W. R.: A report to the Navy Department of the United States on American Coal, Wash-
ington, 1844, p. 448. Other analyses may be found in O.J. Heinrich’s essay on the Mesozoic of Vir-
ginia; Am. Inst. Mining. Eng., Trans., vol. v1, 1879, p. 269.
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in the Richmond coal field, is given in column I below, and the analy-
sis of an average sample of coal from Farmyille,in the Deep river area,
in column II.!

Average composition of the coals of the Newark system.

Specific gravity..
‘Water, at 115° C R
Sulphur ...l
Volatile matter ..............
Fixed carbom «veeueoiniianoaianen

NATURAL COKE.

Besides the bituminous coal which is the characteristic fuel deposits
of the areas here treated, there are beds of ¢carbonite,” “natural coke,”
and “semianthracite,” which are modifications of the normal coal due
to the heat of intruded igneous rocks.> Of these the most interesting
and important is the natural coke. This occurs both in the Richmond
and Deep river coal fields, and is of considerable economic importance.
It is iron black in color, porous, has a metallic luster, and resembles
artificial coke. It has been mined especially at Carbon hill and Mid-
lothian, on the east side of the Richmond area.

The average of five analyses by various chemists, gives the compo-
sition of this substance as follows:

Average compogition of natural coke.

i Volatile matter ... .. oo i aa.. 12-50
Fixed carbon ... .o iiiiiiiiiii e 79-93
Sulphur «.en i e ceeed e ecae e 026
Ash. o FO eeeeaeceaanann 655

99-24

1 This and other analysis of the coal of the Deep river area may be found in H. M., Chance’s report
on an exploration of the coal ficlds of North Carolina, Raleigh, 1885, pp. 33,34.

2T he history of our knowledge of this substance maybe traced in the following works: W. B. Rogers:
On the porous anthracite, or natural coke of eastern Virginia. In Am.Jour. Seci., vol. XLy, pp. 175~
176. Also in Am. Ass. Geol. and Nat. Proc., 1840, p. 60. Report of the progress of the Geol. Surv. of
Virginin for 1840, p. 124.

Johnson, W. R.: [Remarks on the Natural Coke of Virginia.] In Acad. Nat. Sci., Philadelphia
Proc., vol. 1, 1842, pp. 223-224. Reprinted in The Coal Trade of British America, Washington and
Philadelphia, 1850, pp. 155-156. ‘‘Natural Coke” from Tuckahoe, Virginia. In a report to the Navy
Department of the United States, on American coals; Washington, 1844, pp. 138-151.

Lyell, C.: On the structure and probable age of the coal field of the James river, near Richmond,
Virginia. In Quart. Jour. Geol. Soc. of London, vol. 111, 1847,

Rogers, W. B.: [Observations on the natural coke of the Richmond coal field, Virginia.] In Boston
Soc. Nat. Hist., Proc., vol. v, 1855, pp. 53-56.

‘Wurtz, Henry: Preliminary note upon the carbouite or so-called ‘‘natural coke’ of Virginia. In
Am. Inst. Min. Eng., Trans., vol. 111, 1874-'75, pp. 456-458.

Heinrich, 0.J.: The Mesozoic formation in Virginia. In Ain. Inst. Min. Eng.Proc., vol. vi. 1877-'78,
Pp. 244-269. :

Chance, H. M.: Report on the North Carolina coal field, Raleigh, 1885, p. 34.



38 THE NEWARK SYSTEM. [RULL. 85,

RICHMOND AREA.

The coal seams of the Richmond field are irregular in thickness, and
have been greatly disturbed by faulting, as will be explained in the
section of this paper devoted to structure. The seams are not contin-
uous throughout the field, although they occur at approximately the same
horizon. There is no assurance that the seams worked on one side of
the basin are individually the same as those explored on the opposite
side, or even in adjacent mines. Seemingly the coal occurs in lenticu-
lar beds, the outlines of which have not been determined. The edges
of these beds overlap, so that while the series as a whole may be con-
tinuous over comparatively large areas, individual beds die out and are
replaced by others. What is a thin seam in one mine may thicken and
become the most important bed in an adjacent mine. This hypothesis,
it is true, has not been fully demonstrated, butit explains many pecu-
liarities in the field.

In the Norwood mine on the west side of the area the coal is worked
by means of “inclines,” in which the following section was exposed in

1885:
Feet.

Sandstone and shale, dipping W. 20t0 25. ... .. ... ... ...l 10t0 200
Coal, with medial partings of shale ... .. .. ... ... .. . ... ... 5t07
Shales oo e 10 to 12
Coal, with medial parting of shale....... ... ... .. .. ... il 6

In the neighboring Powhatan mine there are five coal seams, the most
important having a thickness at least locally of 7 feet.

The Old Dominion mines, a mile or two south of the Norwood mines,
were worked several years ago by means of a shaft, but are now
abandoned. At this locality the strata were penetrated to the depth of
125 feet and found to contain three coal seams. The upper one, where
it outcropped at the surface, was about 4 feet 6 inches thick, but in-
creased to 12 feet when followed down the dip. The second was from
18 to 24 inches thick near the surface, and increased to 4 feet in the
lower part of the mine. The third was struck 4 feet below the second,
and contained 3 feet of coal of inferior quality.

The mines of Manakin (Dover), on the west side of the Richmond
area, north of the James, were worked for more than 50 years, and a
large quantity of coal obtained. They are now abandoned and the
shafts are in ruins. The ¢ Sinking shaft” at this locality penetrated
over 900 feet of strata, but failed to reach a workable coal seam. F. W,
Stone, the former superintendent of. this mine, informed me that there
were two coal seams in the Dover region. No detailed account of these
deposits is available.

Coal has been mined all along the east border of the area and in ad-
jacent local fault basins, and a large amount of data concerning the
thickness and association of the local seams is available.
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The section at Carbon hill, north of the James, is as follows:!

Section at Carbon hill, Virginia.

Feet.
Recent formation, 80il ...... .. L it caaaa 20
Alternating shales and sandstones. ... .. ... ... o.oiioiiiiiiiiioiiaaoa 450
Cinders, so-called fire clay ........cc.emioniimmr i i cace e 195
Nodula pyrites. ... ..o i e eeaaes 15
Shales and 8andstones. ... ... iieieeiiianeriiieeionenacanaannn ceeeas 60
! Al
Coke seam { 22:1‘3’ g, é,, } ............................ Ceesemeeaercaaneaaaa- 6
Shale and sandstone ........................ D - |
(O70E ) 179 1 O Ceheretesceesenaan 3
Shale, third seam ....... ... iiiiiiiiiiiiiiiiiiiiiiiiiaaaes. 1T
L0 ) RN ceu- 45
Shale and shale and sandstone, containing 6-inch coal seam, second seam... 40
Coal seam, slope seam 8 to 10 feet, first 86aM. .cve ceememmene ciievneecnnnnnan 9
Sandstone and slate to supposed granite base .......cc.cciiviieiiiieennnnns 160
1,032°5

An extremely detailed record of the strata passed through in ex-
ploring for coal with a diamond drill at Midlothian, in the central por-
tion of the east border of the field, has been published by Heinrich, in
the paper just cited. These explorations passed through 1,518 feet of
Newark rocks, and reached the underlying granite. Four coal seams
were penetrated, the lowest of which is 570 feet above the granite. The
record of the coal-bearing portion of this section is here copied, with
some slight verbal changes:

Section at Midlothian, Virginia.

Distance
Stratum. Thickness.| above
- granite.
Feet. In.|Feet. In.,
Sandstone, arkose, light gray, hard, partially coarse .........cc.ceeeieemaiaeana. 34 9]566 4
First coal seam, 3’ 6/ coal, 1/ 6/ glate........coeeveoiinaiimnnaan.. 5 0571 4
Slate and schistose sandstone, dark gray .........ooiiiiaai il 6 21577 6
Sandstone, arkose, light gray, partially schistoso 4 3581 @
Slate, dark gray ... cceeeeeiiiencnninnt 8 0(58 o0
Sandstone, arkose, gray .................. 9 10|59 7
Second coal Beam ...........ciiiiiiaiiiiiiiii.as 1 600 7
Slate, gray.cooceiiiniiiii e 9 609 7
Sandstone, arkose, gray, hard............ooo il 9 0618 7
Third coal seam, divided by slaty bands from 2 to 24 inches .................... 12 (18 PN
Sandstone, gray, silicious, and gray slate 10 3655 4
Fourth coal seam, divided by slaty bands 14 (131 R
Slate, block and argillacions sandstone. ... ...... ... o .iiiiiiiiiiiiiiiiiiaaa 4 0]659 4

At Clover Hill, in the southern part of the eastern border of the
Richmond area, the character of the coal-bearing strata has been

!t Heinrich, O. J.: The Mesozoic formation of Virginia. Am. Inst. Min. Eng. Trans., vol. vI, 1879,
pp. 260,261,
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recorded by Iontaine.! There are three main coal seams, and four
others of less thickness, designated in the section as local. The strata
intervening between the lowest coal seam and the granitic floor on
which the system rests has not been penetrated. The dip is here to
the westward at an angle of about 25 degrees, and the coal beds out-
crop at the surface.

Section at Clover Hill, Virginia.
Feet. Inches.

Coal seam, local (?) 18 inches to. ... ... ... i 4 0
Sandstone and shale. ... ... .. . il 14 0
Coalseam, local. ... .. .. i iiiiieieiaiaa.. 0 12
Sandstone and shale........ ... . ...l 12 0
Coal 8eam, 10CAL. .- o o e e e i, 0 14
Sandstone and shale ... ... ... ... ... ...l e e 25 0
Coalseam, local...... .. i iiiaiiiceiaiaaan 0 18
Sandstone and shale. ... ... . . i i iiiiiaaaaas 40 0
Upper bed of main coal ... ... . iiiaiiieiaaann 5 0
Shale, of varying thickness. ... ...coioii i it cace e 5 0
Main coal, lower bed ... ... oo il e eiaaaaae e 13-26 0
Sandstone and shale......._ ... ... .. iiiiiiiiiiiiaol 40 0
Lower persistent coal bed ... ... i imn i 4 9
Sandstone and shale, aboutb. ...oo.ooen it oot i i eeas 250 0

GREisSic FloOr «u e e ot it e et et eeme e

The section here given indicates the charaeter of the coal seams about
the border of the Richmond field. In the detached secondary areas
along its eastern border the rocks have been so greatly disturbed that
it is difficult to obtain reliable record of the strata. It has been stated
that the coal seams in these basins were from 40 to 60 feet thick. The
high inclination of the beds, however, and such descriptions of the
mines as can be found in books or obtained from men who worked in
the mines, render it evident that the thickness of the seams has been
exaggerated, as will be shown in discussing the structure of the area.

The presence of workable coal beds in the central portion of the Rich-
mond area seems probable, although that region has not been explored.
The nearly horizontal position of the rocks over the central area is a
promise that the coal, when reached, will be found in a much less dis-
turbed and broken condition than on the borders of the field. The
depth at which coal will have to be looked for in the central area is in
the neighborhood of 2,500 feet. At present this depth would probably
render economic mining impracticable, owing to the low price of coal in
neighboring markets.

FARMVILLE AREA.
Coal was formerly worked in this area in a systematic way for sev-
eral years, but the seams are thin, ranging from 6 to 30 inches, and are

greatly disturbed. No definite records of the strata penetrated in the

various mining operations are to be had.

1 Older Mesozoic Flora of Virginia, U. 8, Geol. Surv., Monograph vol. 6, 1883, p. 6.
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DEEP RIVER AREA.

There are reasons for considering the Richmond and Farmville areas
in Virginia as having been formerly directly connected with the Deep
river and Dan river areas of North Carolina. The coal-bearing rocks
in the Deep river area have a striking analogy to the medial portion
of the section obtained in the Midlothian mines. While it is presum-
able that the formations are continuous, there is no reason fer surmis-
ing that the coal seams of one area represent individually the coal
seams of the other.

At Egypt, North Carolina, in the central portion of the Deep river
area, the section penetrated by what is known as the ¢ Egypt shaft”
was carefully recorded by Wilkes.! This shaft was 460 feet deep, and
ended in black slate just below the lowest coal seam,

Section at Egypt, North Carolina.
Feet. Inches.

Sandstone (410 feet below surface)...z............. e emeaeaas 3 0
Black slate ... . ... i 9 0
L7 4 0
Blaek hand, upper bed. ... ...l i i ciii i eiaaaaeaan 1 4
Coal............_.. e e eemee e aieemaeee oo aanas 1 1
Slate . e e 0 6
L 0 7
Black bituminous s1ate. . . ... oo e i it e e e e 8 0
Gray sandstone and fire elay.... ... ... ... ........ s e e e 16 0
Black band. ... .o i e e e e e e eeaa———————— 1 5
L0717 P 1 0
Black Band. .ovee i e i et iciei e 3 0
Black slate. ... oon o e i i i caeae 1 0

At Farmville, North Carolina, 2 or 3 miles west of the Egypt shaft,
the coal-bearing strata come to the surface but are disturbed by faults
and by dikes ofigneous rock. The section at this locality, after Chance,?
is asfollows: '

Section at Farmwville, North Carolina.
Feet. Inches.

Upper coal (coal 3 feet, shale 2 feet, coal and slate 3 feet).............. 8 0
Slate and sandy fire clay. .. .. ..o .o 17 0
LT g 0 4
Slate and fire Clay. ... e i aeea 6 0
L0 Rt et 1 0
Slate and fire clay - oo .ooe oo e e eeaas 4 0
L0 1 2
Slate and fire clay... ... ... ... €t et ciaaa e 4 0
Lower coal . .ooenn o e ieeeiitiaianen 2 0

' [Report on the Deep river country in North Carolina.] 35th Congress, 2d session. Senate Ex.-
Doc. No. 26.

2Report on tho North Carolina coal fields, to the Department of Agriculture (of North Carolina),
Raleigh, 1885, p. 22. :
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DAN RIVER AREA.

The rocks in this area are similar in nearly every respect to those of
the Deep river area, but the shaly slates in the central portion of the
series are thicker and perhaps of greater extent. They contain many
bands of black bituminous and carbonaceous layers, which have been
frequently mistaken for coal. )

This area has been critically examined by Chance,' who reports that
the coal occurs merely as sporadic deposits of limited extent and too
thin, irregular, and uncertain to be of commercial value.

COMMERCIAL DEVELOPMENT.

Mr. Heinrich ? states that coal was discovered in the Richmond area
as early as 1700 and was then mined for local use. Systematic mining
was begun about 1790. This was the first coal mined for shipment in
the United States. The total production of the area from 1822.to 1878
is estimated at 5,647,621 tons. Since 1878 mining has been carried on
at Clover Hill and at the Norwood and Powhatan mines, the annual
output being about 700,000 tons.

Coal is reported to have been mined in a small way in the Farmville
area’ between 1855 and 1870, but no definite record of the operation is
available. I have been informed that mining was resumed in 1890 with
a promise of good results. )

The coal seams of the Deep river and Dan river areas, like those
near Richmond, outcrop at the surface. Coal was dug from open pits,
for local use, early in this century, but no systematic mining was car-
ried on until about 1850, when improvements in the navigation of Deep
river rendered its shipment practicable. The most active period in
the history of this field was just preceding and during the civil war.

When I visited the area in 1835 no mining was being done, although
a systematic examination of the value of the coal seams near the Gulf
was being made. At Egypt all work had been suspended for fully
twenty years, and the deep shaft was in ruins,

In the Dan river area a little coal was mined during the war, for use
in Danville. *

The reason for the unsatisfactory history of the Newark coal fields
lies primarily in the great disturbances that the various areas have
suffered on account of tilting, faulting, and igneous intrusions. The
presence of ¢ fire damp ” in many of the mines and a tendency to spon-
taneous combustion have also added to the danger and expense of

! Report on the North Carolina coal fields to the Department of Agriculture (of North Caroling),
Raleigh, 1885, pp. 62-66.

2The history of this coal field and a detailed record of the amount of coal produced in various years
ig given by Heinrich. Am. Inst. Min. Eng., Trans., vol. vI, pp. 266-274.

3The history and character of this field and of related coal-bearing areas, is given by S. H. Daddow
and B. Bannan, in * Coal, Tron, and Oil, cte,” Pottsville, Pa.. 1866, pp. 393-406.

4 The history of these various ficlds has bheen summarized by H. M. Chance in report on the coal
fields of North Carolina, made for the State Board of Agriculture, Raleigh, 1885, pp. 22-24.
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working. In all the fields mining was begun at the surface. Water
was thus admitted and the most valuable portions of the beds per-
manently injured. The lack of foresight in the early development of
the mines has practically ruined large areas.

At present the cheapness with which coal can be furnished along
the Atlantic border, from the extensive mines on the west slope of the
Appalachians, practically closes competition in the mines of the Newark
area, where mining is more expensive than in the great fields farther
west, owing to the natural difficulties suggested above. Those best
qualified to judge of the value of the Richmond field are of the opinion
that it contains an important reserve supply of coal which will be util-
ized in the future.

The value of some of the highly carbonaceous slates associated with
the coal, for gas manufacture, indicates that they too will ultimately
be used.

The disturbed and broken condition of the rocks here consxdered
precludes the hope that they will ever yield even limited supplies of
oil or gas. ,
THICKNESS OF THE NEWARK ROCKS.

Many estimates have been made of the thickness of the Newark
rocks, but owing to the faulted structure that characterizes the system
no generally accepted results have been reached. It is possible to
measure the thickness in the Danville, Dan river, and Wadesboro
areas with a reasonable approximation to accuracy, but this has not
been done. The only reliable evidence of the thickness of the system
available is the records of various deep borings that have been made.

An artesian well at Northampton, Massachusetts, sunk in the lower
sandstone of the system, reached a depth of over 3,000 feet without
reaching the underlying crystalline rocks.” A well bored near New
Haven, Connecticut, by the Winchester Arms Company, approximately
2 miles from the west border of the Newark rocks, reaches a depth of
2,400 feet without passing through the system.?

Many wells have been sunk in the Newark area of New Jersey in
search of artesian water. The deepest of these is at Paterson and
reached a depth of 2,100 feet, all but the upper 6 feet being in the
sandstones, shales, ete.?

Explorations for coal with the diamond drill at Midlothian, Virginia,
near the eastern margin of the Richmond area, reached the uuderlymg
granite at a depth of 1,518 feet.

1 Emerson, B. K.: (Topography and Geology of Hampshire county, Massachusetts.) In Gazetteer
of Hampshire county for 1854-1887. Compiled and edited by W. B. Gray, Syracuse, N. Y. (1888), p. 19.

2 Hubbard, O. P.: New York Acad. Sci., Trans., vol. IX, 1889-1890, p. 3. It is stated by J. D.
Dana that this well shows a depth of Newark rock of at least 3,100 feet. Am. Jour. Sci., 3d ser., vol.
XLIL, p. 442.

3 Cook, G. H.: Geol. Surv. of New Jersey. Amnn. Rep. for 1885, Trenton, N. J., 1885, p. 115,

4 Heinrich, O. J.: The Mesozoic Formation in Virginia. In Am. Inst. Min. Eng., Trans., vol. VI,
1879, pp. 2566-260.
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At Durham, North Carolina, near the west margin of the Deep river
area, a well was bored a few years ago to the depth of 1,600 feet, all
in rocks of the Newark system.

The data in hand are not sufficient to determine the thickness of
rock in the various Newark areas, but it is evident from the records
of the Northampton well that an estimate of 4,000 feet could not be
considered excessive. When it is remembered that great erosion has
taken place, it is evident that the original thickness of the system
must have far exceeded the amount just stated.



CHAPTER V.

CONDITIONS OF DEPOSITION.

In the present section, the manner in which the various beds of the
Newark were deposited as well as the evidence they contain as to the
character of the climate during the time of their accumulation, will be
considered.

PHYSIQAL CONDITIONS.

PREVIOUS INTERI‘RETATIONS:

A hypothesis proposed by Rogers,! which refers the deposition of the
rocks of a large part of the Newark system south of New York to the
action of a river rising in the Southern States and emptying into the
ocean in the neighborhood of the present site of New York, has met
with so little favor and is so inconsistent with later observations that
it seems unnecessary to consider it at this time.

The rocks of the Acadian area are considered by Dawson? as having
been deposited in a bay resembling the present Bay of Fung.y, which
was swept by strong tides and currents that carried away the argil-
laceous matter and prevented the deposition of muddy sediments.

In reference to the conditions of deposition of the Newark system:
in general, Dana® observes that the absence of radiates, the paucity of
mollusks, and the presence of few species that are properly marine,
prove that the ocean had imperfect access, where any, to the regions in
which the rocks were deposited. The beds are not seashore formations
like the Cretaceous and Tertiary, which goes far to confirm the idea
that they are partially estuary and partly of lacustrine origin.

A little later in the same volume Dana states:*

The position of the [Newark] beds on the Atlantic border shows that this part of
the continent stood nearly at its present level. The strange absence of marine de-
posits along the Atlantic border may be accounted for by supposing that the dry
land stretched farther out to the eastward, and that seashore deposits were formed

which are submerged. A change of level of 500 feet would take a breadth of 80
miles from the ocean and add it to the continent.

1 Description of the geology of the state of New Jersey. A final report. Philadelphia, 1840, pp. 115,
166-171. The hypothesis proposed by Rogers is quoted by W.W.Mather in Geol. of New York, part
1, 1843, pp. 289-293, who agrees with Rogers in the main, but ascribes the deposition of the rocks of
the Newark system in an inclined position to the meeting of equatorial and polar oceanic currents.
The hypothesis proposed by Rogers is dissented from by E. Mitchellin ‘‘Elements of Geology, with
an outline of the goology of North Carolina,” 1842, p. 133.

2 Acadian Geology, 2d and 3d editions, 1868, 1878, p. 111.

3Manual of Geology, 2d ed., 1875, p. 420.

4Ibid, pp. 422-423. .
5
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In this connection LeConte' writes:

During the Jura-Trias [Newark] the shore line to the north was still beyond what
it is now, for no Atlantic border deposit is visible; and along the Middle and South-
ern States it was certainly beyond the bounding line of Tertiary and Cretaceous,
for all the Atlantic deposits of this age have been covered by subsequent strata; and
yet, probably not much beyond, for some of these Jura-Trias patches seem to have
Deen in tidal connection with the Atlantic Ocean. It is probable, therefore, that the
shore line was a little beyond the present New England shore line, and a littie
beyond the old Tertiary shore line of the Middle and Southern Atlantic States.

A little back fromn this shore line, and at the foot of the Appalachian chain, there
was a series of old erosion or plication hollows stretching parallel to the chain.
The northern oncs had been brought down to the sea level, and the tides regularly
ebbed and flowed there then. as in the Bay of San Francisco or Puget Sound at the
present time. In the waters of these bays lived swimming reptiles, Crocodilian and
Lacertian, and on their flat, muddy shores walked great bird-like reptiles, and pos-
sibly reptilian birds. The more southern hollows seemed to have been been above
the sea level, and were alternately coal marsh® and fresh-water lakes, emptying by
streams into the Atlantic; or, according to Russell, there may have been but one
great sound stretching from Nova Scotia to North Carolina, in which the tides flowed
and ebbed, the southern end being swampy or marshy. Since that time the coast
has risen 200 or 300 feet, and these patches are therefore elevated so much above the
sea level.

The physical conditions under which the rocks of the Newark system
in New Jersey and the Connecticut valley were deposited, as described
by Newberry,? are here cited:

Many of the beds show ripple marks, sun cracks, and rain drop impressions,
which prove that they were once beaches or mud flats, sometimes exposed to the air.
They are also frequently impressed by the tracks of large and small animals. Every-
thing indicates that these tracks were made by animals that frequented the shores
of bays and estuaries where the retreating tide left broad surfaces which were their

" feeding grounds. Inasmuch as many successive beds show ripple marks, sun cracks,
and tracks, the conclusion seemg inevitable that the areas where these strata were
deposited were slowly sinking and that the land-wash spread by the tide constantly
formed new sheets, wupon which fresh records were inscribed.

CONCLUSIONS.

The generally accepted conclusions of geologists in reference to the
mode of deposition of the rocks under discussion seem to be, that the
beds were water laid and must have accumulated in land-locked
estuaries and swamps. The suggestion many times advanced that
these rocks are lacustral in origin has never been sustained by direct
evidence.

The facts on which these conclusions are based may be summarized
as follows:

(L.) Absence of characteristic marine or fresh water fossils, thus sug-
gesting brackish water and unstable condition.

(2.) Tossil fishes closely allied to existing ganoids of rivers and lakes,
which were, perhaps, migratory in their liabits and, like salmon at the
present time, were destroyed in large numbers at the mouths of the
small streams which they frequented during the breeding season.

! Elements of Geology, 1882, pp. 469-470. 27. 8. Geol. Survey, Monograph vol, 14, 1888, p. 5.
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(3.) Rapid alternations of sediments which are frequently cross-bed-
ded, and the presence of footprints, raindrop impressions, ete., indi-
cating the prevalence of high tides.

. (4.) The presence of land plants in the more carbonaceous portions
of the deposit, and of fossil wood in many localities in the sandstone,
indicating the proximity of land.

These facts favor the conclusion already stated, that the rocks, espe-
cially of the northern portion of the Newark system, were deposited in
broad, shallow, tide-swept estuaries, in which broad-expanses of mud
were left exposed at low water. The southern part of the area of depo-
sition was low and swampy, and received accumulation of carbonaceous
matter. A slow subsidence during the period of deposition is shown,
particularly in the northern areas, by the occurrence of footprints and
raindrop impressions at many horizons.

CLIMATIC CONDITIONS.

Several expressions of opinion have been published respecting the
prevailing climatic conditions during the Newark period. I will state
the conclusions that have been reached, and then review briefly the
evidence on which they rest.

In describing certain coarse deposits on the east border of the Deep
river area in North Carolina, Kerr! suggested that they indlcated a
sub-Newark glaciation., But these deposits have been shown by Fon-
taine,? to belong at the end rather than at the beginning of the Newark
‘period. A similar remark was made by Shaler, Davis® and Hitch-
cock,* in reference to the origin of the coarse conglomerates of the
Newark system in the Connecticut valley.

- It has been suggested by Dana? that the Connecticut valley had its
violent floods during the Newark period, which may have been en-
larged by the waters and ice of a semiglacial era.

GLACIAL HYPOTHESIS.

The most extended discussion of the glacial origin of the coarse con-
glomerates of the Newark system that has been made, is by Fontaine.®
In order to give an impartial hearing to the hypothesis of Mesozoic
glaciation, his conclusion is cited in full:

I think that many of the features described in the preceding pages can best be ex-
plained by supposing that irr Triassic and Jurassic times, the Appalachian monntain
region was receiving supplies of snow too great to be removed by melting. Conse-
quently the excess must have been discharged by glaciers. These must have ad-
vanced and receded more than once in the earlier periods, but did not penetrate to
the sea. Toward the close of the Jurassic they advanced in such force that they

I Rep. of the Geol. Survey of North Carolina, vol. 3, 1875, p. 146.

2 Am. Jour. Sci., 3d ser., vol. Xvir, 1879, p. 34.

3Tllustrations of the earth’s surface, Glacier, Boston, 1881, pp. 95-96.
4 Geology of New Hampshire, Concord, 1878, vol. 111, Part 3, p. 283.
5 Am. Jour. Sci.,’3d ser., vol. XvI1, 1879, p. 330.

6Tbid., pp. 236-237.
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reached the sea. In the intervening time, while the ice was gathering force, ice
rafts, charged with stones and earth, floated down the streams which issued from
the foot of the ice. To the frequent pushing forward, and the consequent abrasion
of the matter accumulated at the foot of tho ice, and in the upper course of the rivers,
we must attribute much of the rounded and polished condition of the Potsdam stones
now found so far to the east of their original position. This ice may have made its
final advanceover the whole of the portion of the Atlantic slope in which the features
above described are found, or it may have issned from the Blue Ridge, mainly along
the line of the Potomac and James, and then in its farther advance to the east have
spread laterally, so near the border of the Azoic, as to have coalesced into one sheet.
The facts observed rather favor the latter method of advance. From this supposi-
tion it would follow that the Mesozoic areas were fed by the cold waters issuing
from theice and snow on the mountains. This may account for the paucity of animal
life, especially molluscan life, that they show. The only marine waters with which
they could communicate contained forms that could not livein the cold inland waters.

It is probable that the courses of the present principal streams werc marked out
by this ice action, and hence comes their direct course and independence of the char-
acter of the rocks over which they flow. There is no difficulty in explaining the
growth of the plants, now found fossil, at a time when the Appalachian mountain
belt was covered withsnow. All that was needed was a raising of the present winter
temperature in the lowlands, for we shall show that for the formation of glaciers on
the heights the climate need not have been colder than at present. Owing to the non-
existence of the Rocky mountains, the cold western and northwestern winds of the
present time would not by reflection from that chain then reach the eastern slopes.
At the same time the greater extension of the Gulf waters northward would cause
southerly winds to sweep over theseslopes. These winds passing over the cold waters
of the lakes and great rivers would form abundant fogs. Thus a mild, equable, and
moist climate would be produced in the lowlands, even if the earth had its present
amount of cold, causing the growth of ferns, cycads, etc., and covering the hills with
the immense growth of coniferous trees which we know must have existed. 'This
condition of things would also be eminently favorable for the production of coal.
This was only brought to a close in the final advance of the ice at the end of the
Jurassic period, when all the abundant forms of plants of that period were extin-
guished to appear no more. No other cauge seems adequate to explain the total ex-
tinction of the Jurassic flora, and the complete change which we find in the succeed-
ing Cretaceous flora. .

But while the plants were growing in the lowlands and around the lakes, a very
different condition of things prevailed in the high Appalachians. The stratigraphy
of the formations composing this belt, and the amount of erosion which, as we know,
took place, make it clear that in the early Mesozoic times much of this region must
have stood above the snow line, and a still larger portion near it. If we recall the
physical features of the North American continent which existed at that time, we
shall see that even with our present climate then prevailing, the conditions would
have been eminently favorable for the formation of glaciers. Along with a sufficient
degree of cold we must have abundance of moisture to produce glaciers. This would
be supplied by the western and southwestern winds.. The latter would sweep un-
checked from the Pacific over vast bodies of warm waters in the interior, and meet-
ing the' lofty mountain belt of the Appalachians, would give unlimited supplies of
snow. The configuration of this elevated district with its broad slopes, and long
valleys inclining in one direction, would be eminently favorable for the collection
of snow and its discharge in the form of glaciers. Indeed this region must at that
time have formed a perpetual storm center. We are not without evidence, however,
that a period of cold greater than that now existing, prevailed toward the close of
the Jurassic, and in this we find the explanation of the advance of the ice so far to
the east at that time.
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The statement has recently been made by J. D. Dana' that the
Newark period “ended in a semiglacial era, as is admitted by all who
have studied the beds.” The evidence which is advanced to support
this view ¢‘consists of thick deposits of stones and bowlders in which
occur masses 2 to 4 feet in diameter, aud therefore such as only ice
could have handled and transported. They are situated along the west
side of the area in Virginia, Maryland, and New Jersey (where the dip
of the Jura-Trias [Newark] beds is westward),> and on the eastern, in
Connecticut and Massachusetts (where the dip is eastward). Fontaine
has found in Virginia and Marylaud that they are the later beds of the
formation.” Beds north of Amherst, Massachusetts, containing bowl-
ders 3 to 4 feet in diameter are referred to, and Edward Hitchcock’s con-
clusion, that they are the upper beds of the serics, is cited. Coarse
deposits near East Haven, Connecticut, are also mentioned.

The considerations which ave thought to maintain the hypothesis of
glaciation during the Newark period may be briefly stated as follows:

(1) Presence of coarse conglomerates and breccias at many localities.

(2) Absence of fossil mollusks, radiates, ctec.

(3) Unexplained phenomena in the drainage and relief of the Appa-
lachians. '

(4) BExtinction of the fauna and great changesin the flora of the
Atlantic border in the}interval between the Newark and Cretaceous
period.

Before discussing the value of this evidence let us see what records
might reasonably be looked for in case glaciers did assist in the depo-
sition of the Newark sediments.

PRESERVATION OF GLACIAL RECORDS,

Allrecords of glaciation when not buried beneath subsequent deposits
would certainly be destroyed by atmospherie decay and erosion during
such a vast lapse of time as has intervened between the Newark period
and the present day. An exception to this statement may possibly
exist in the effects which glaciation might impress upon the drainage
and topography of a region. It is possible that some of the seemingly
abnormal features in the drainage of the Appalachians may be accounted
for on the hypothesis that they are an mherxtance from an ancient
period of ice invasion.

Among the direct evidences of glacutmn which mlght be preserved
for indefinite ages are:

(1) Smooth and striated rock surfaces, characteristic of ice action.
Such surfaces if buried beneath fine sediments might be preserved in
their original condition; or casts of them might be made, in the same
manner that impressions of foot-prints showing the most delicate mark-
ings, have been preserved.

(2) Bowlders, smooth and striated and faceted by glaciers, might

TAm. Jour. Sci., 3d ser., vol. X1, 1890, p. 436. 2Ibid., vol. xL1, 1891, note of errata.
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retain their peculiar markings for an indefinite period, especially when
cemented with fine sediment or united by calcareous or other infiltra-
tions.

(3) When a glacier enters a lake or estuary, morainal material is
deposited in irregular, unassorted heaps about its foot. The distance
seaward to which terminal moraines may be deposited, depends on the
size of the glaciers and on the depth of the water bodies they enter. A
shallow estuary or lake would offer but feeble resistance to the advance
of a glacier, and might have moraines widely distributed over its bottom.
On the other°-hand, a deep water body with precipitous shores, would
retard the progress of a glacier or cheéck its advaunce altogether. The
result would be the formation of moraines near the water margin.

(4) When glaciers enter water sufficiently deep the ice breaks off
and forms bergs which may transport stone and bowlders to great dis-
tances, and finally drop them in the fine sediments that accumulate 1n
deep water. '

(5) The effects of a glacial period on animal and plant life has received
much attention, but it is difficult’ to indicate what permanent records
of this nature might be expected. A long period of glaciation might
revolutionize the fauna and flora of a region, while many alternations
of warm and cold climates would produce even greater changes. Lux-
uriant forests, however, are known to grow close to existing glaciers.
not only in tropical and subtropical regions, but in high latitudes,
The Malaspina glacier, Alaska, is not only bordered by exceedingly
dense forests, but the moraines resting upon its margin are covered
over an area of many square miles with dense vegetation, and support
forests of spruce trees, many of which are fully 3 feet in diameter.
Plants indicating temperate and tropical conditions might easily be
preserved in connection with glacial deposits, but such paradoxical
records must, for the most part, occur in connection with the deposit
of glaciers originating in lofty mountains, and not along the borders
of continental glaciers like those that covered the northeastern part of
North America during the Pleistocene.

The water into which large glaciers discharge either directly or after
melting are cold and could not be inhabited by animals characteristic
of tropical conditions. Itis in the animal remains found in the fine
deposits, intimately associated with glacial accumulations, that we
should expect to find the best records of the climatic conditions under
which the strata were deposited.

WEIGIHT OF THE EVIDENCE OF GLACIATION.

Having in mind what records might reasonably be expect;edv to occur
in the rocks of the Newark system if glaciers had assisted in their
deposition, let us see what the facts arve:
" (1) No smooth and striated rock surfaces have been discovered
beneath the system.
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(2) No glaciated bowlders have been observed in the coarse con-
glomerate.

(3) The bowlders in the conglomerates are usually rounded and are
such as streams, especially if assisted by river ice, could transport.
Large angular erratics are conspicuous by their absence.' -

(4) The coarse material characteristic of portions of the system is
confined principally to its bottom and sides. As the fine sediments
closely associated with the coarse deposits are frequently ripple-marked
and contain footprints and raindrop impressions, it is evident that the
water bodies in which these beds were deposited were shallow. The
water being shallow, there is 1o reason why glaciers should invariably
stop at the shores and deposit their loads, instead of spreading widely
over the basin. Besides, the coarse deposits do not have the hetero-
geneous character of moraines, but are frequently stratified and show
current bedding, as if deposited by strong currents.

() Along the outer or seaward margins of the coarse layers they are
interstratified with fine sediments which are not crumpled or contorted
as would be expected had glaciers invaded the .basins in which they
were laid down.

(6) No scattered bowlders or large rock fragments, indicating 1ceberg
drift,have been found in the fine sandstones and shales which make up
the great bulk of the system.

(7) No fossils that are indicative of a cold climate have been found.

As stated in a previous paper,? it is not probable that the great num-
bers of reptiles, some of them of gigantic size, which lived during the
Newark period, could have existed in estuaries that were partially oc-
cupied by ice and in which icebergs were floating. Coldblooded ani-
mals at the present day are confined to warm regions, and there is no
reason to suppose that this law was reversed during the Newark period.
The swarms of reptiles that formerly inhabited the Connecticut valley
and New Jersey regions must have required a large amount of plant or
animal food. This would imply also that the shores of the Newark
basin were more like those of Florida than those of Greenland at the
present time.

To make more specific obJectlonb to the hypothesis of glaciation, it
may be remarked that paucity of molluscan life does not necessarily in-
dicate a cold climate, as implied by Fontaine,® since, as is well known,
many species of shells are found in the mud at the foot of existing gla-
ciers which terminate in the sea. The same and allied species of mol-
lusks oceur in the Pleistocene glacial clays of both Europe and America,
thus showing that the existence of glaciers is not necessarily attended

1Even angular rock masses 20 or 30 feet in diameter arc not alone suflicient evidence of glacial action,
since such masses occur in alluvial cones in the arid regions 2 or 3 miles from the outerop from which
they were derived.

20n the former extent of the Triassic formation of the Atlantic States. Am. Nat., vol. x1v, 1880,
p. 710.

3 Am.Jour, Sci., 3d ser., vol. Xvi1, 1879, p. 52,
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with the extermination of the lower grades of marine life. Besides, the
glacial hypothesis for accounting for the general absence of molluscan
life in the Newark system is not the only one in the field; other more
or less satisfactory explanations of the same phenomena have been
offered, which do not imply an arctic climate.

From what has been stated in the last few pages it seems obvious
that the only basis that can possibly be claimed for the glacial hypothe-
sis under discussion, is the presence of coarse conglomerate along por-
tions of the borders of the Newark areas. That the character and distri-
bution of this conglomerate are such as would result from the action of
waves and currents along a shore from which débris was being derived
is seemingly sufficiently upheld by observations to exclude other hy-
potheses.

As shown elsewhere in this paper the coarse deposits are not confined
to the present surface, but occur at the base of the system and inter-
stratified with fine sediments along certain portions of the margins of
the existing areas. Turthermore, the fine sediments associated with
the coarse deposits are not crumpled or contorted, as would be expected
had glaciers ridden over them. The rock masses forming the conglom-
erate are usually either rounded or subangular, and are such as high
grade streams might sweep down into an estuary. Large angular
masses like those occurring on many glaciers are notably absent.

In reference to the break in the succession of animal life and the great
changes in the flora of the Atlantic coast between the deposition of the
Newark beds and the next succeding formation, it is to be remembered
that a great unconformity occurs at this horizon which makes a gap in
the life records. How long this time was we have no means of judg-
ing, unless it is that during the interval the animals characteristic of
the Newark become extinct and the Hora greatly modified. As is well
known, such breaks in stratigraphy are accompanied by equal marked
modifications in the life records at many horizons in geological history.
To assume that the changes in the flora and fauna between the close
of the Newark and the beginning of the next period of which there is
any record in the Atlantic coast region are due to a glacial epoch is
doing violence to a general rule. Great breaks in stratigraphy are al-
ways accompanied by breaks in the life records.

INDICATIONS OF A MILD CLIMATE.

In an essay on the subaerial decay of rocks and the origin of the red
color of certain deposits,! I have shown that there are reasons for con-
sidering the eharacteristic red color of the rocks of the Newark system as
due to the subaerial decay of the débris of which they are composed
previous to its deposition. It is also shown in the paper referred to
that such decay occurs especially in warm humid regions. The sug-
gestion was also made, as has been done in substance previously by
Von Richthofen, that the decay indicated by the character of the ma-

! Bull. U. 8. Geol. Survey, No. 52.
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terial forming the Newark rocks may have occurred in a great measure
during the Carboniferous. This hypothesis is not necessarily inconsis-
“tent with the hypothesis.of glaciation, however, as the accumulated
" débris resulting from a long period of decay might have been removed
and deposited during a subsequent period of glaciation.

The plants that have been found in the Newark system are repre-
sented at the present time mainly by Araucarian pines, ferns, equiseta,
and cycads, thus suggesting a temperate or subtropical climate.
Although this flora is not inconsistent with the contemporaneous exis-
tence of local glaciers, yet it may be taken as evidence that a decidedly
glacial period like that of the Pleistocene did not occur during the time

it flourished.
CONCLUSIONS.

The absence of glacial records seems to warrant the conclusion that
glaciers did not enter the basins in which the Newark rocks were depos-
ited. It does not follow, however, that the Appalachians were not occu-
pied by local glaciers. The suggestion that those mountains were
higher in the Newark period than now, and were covered with peren-
nial snow, while the adjacent low lands enjoyed a mild climate, seems
an attractive and very possible hypothesis, but definite evidence as to
its verity has not been obtained. The proof that the climate of the
Atlantic slope during the Newark period resembled that of Italy at
the present day, with glaciers on the neighboring mountains, must be
looked for in the drainage and sculpturing of the mountains, and the
character and distribution of the débris washéd from them. A period
of long decay preceding the birth of the Appalachian glaciers would
have prepared land to furnish abundant débris when the facilities for
transportation were angmented. :

In this chapter an attempt has been made to show that the Newark
sedimentary rocks including conglomerate, sandstones, and shales were
probably deposited in tide-swept estuaries, while the carbonaceous
shales and associated coal seams originated in basins more thoroughly
shut off from the sea. The carbonaceous deposits are confined to the
southern areas, and indicate that snbsidence was there less rapid than
farther north.

The eastern borders of the Newark cstuary can ounly be determined
in part; portions of an eastern shore are preserved in the Connecticut
valley, and course conglomerates on the east side of the Deep river
area seem to show that there was land to the eastward in that region,
a8 has been suggested by Kerr. Further than this, the facts in hand
do not warrant definite conclusions. ’

The climate of the period does not seem to have been marked by ex-
tremes. Certainly the evidence indicating glaciation is weak, while the
suggestion of a mild climate has many considerations in its favor.



CHAPTER VI,

LIFE RECORDS.

The fossils now known from the system under review comprise two
genera of Marsupialoid mammals; a large number of batrachians and
reptiles, represented in part by bones and teeth, but principally by foot-
prints; several genera of fishes; a few imperfectly preserved molluscan
shells; a small number of insects, known from larve and tracks; crus-
taceans of the genera Estheria and Cladonia, and what are supposed
to be the trails of ligher forms, and a rich flora containing conifers,
cycads, equiseta, and ferns.

The most abundant fossils are footprints and trails impressed upon
the strata while in the condition of mud and sand and retained with
wonderful fidelity. Records are thus preserved of many animals, some
of them of gigantic size, no other relics of which have been found.

MAMMALS.

The mammalian remains thus far discovered consist of the jaws of
insectivors, obtained by Emmons' at. Egypt, in the Deep river area,
North Carolina, some fifty years ago. These were described by Em-
mons under the name Dronotherium sylvestre, but have recently been
revised by Osborn? and shown to belong to two genera, for one of
which the name Microconodon is proposed. The mammalian remains
now known are Dronotherium sylvestre Emm., and Microconodon temui-
rostris Osb.

~ BATRACHIANS AND REPTILES.

The earliest discovery of fossil bones in the Newark system was at
Phenixville, Pennsylvania. The fossils there obtained were determined
to be reptilian remains by Isaac Leg,” and described by him under the
name Clepsysaurus pennsylvawicus. Clepsysaurus lhas since been re-
ferred to the Dinosauria by E. D. Cope.

t American Geology, part VI. Albany, 1857, pp. 93-96.

2(Qbservations upon the Upper Triassic mammals Dronotherium and Microconodon. In Philadelphia
Acad. Nat. Sci., Proc., vol. Xxxxvirr, 1887, pp. 250-363. A new mammal {rom the American Trias. In
Science, vol. viri, 1886, p. 540. 'The Triassic mammals Dronotherinm and Microconodon. In Am. Phil.
Soc., Proc., vol. Xx1v, 1887, pp. 109-111, pl. op. p. 111.

8Mentioned in Philadelphia Acad. Nat. Sci., Proe., vol. v, 1850-'51, p. 205. Described in Philadel-
i)hia Acad. Nat. Sci;, Jour., 2d ser., vol. 11, 1850-'54, pp. 185-202, pl. 17-19.
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The next important discoveries were numerous reptilian teeth and
fragments of bones obtained in North Carolina. These were studied by
Leidy and Emmons, and descriptions and figures of them published.!

The Newark rocks near Pheenixville and Upper Milford, Pennsylva-
nia, also yielded a number of vertebrate fossils, consisting of teeth and
fragments of bone, which were studied and classified by Leidy and Lea.?

Reptilian bones were also found in the Connecticut valley and de-
scribed by E. Hitcheock,® but these were too imperfect to admit of
aceurate determination.

Recently, the vertebrate fossils from the Newark rocks of North
Carolina and Pennsylvania have been systematically investigated by
E. D. Cope,* who has revised their classification and added several new
names to the list.

One of the most important finds in recent years of Reptilian remains in
the Newark rocks was near Manchester, Connecticut. This consisted
of the skeleton of an animal 6 or 8 feet long, embedded in the ordi-
nary brown sandstone of the region, which is supposed to have been
nearly perfect when discovered, but owing to ignorance of its value,
only portions were preserved. These have been described by Marsh?®
under- the name An chisaurus major. This was probably one of the
reptiles that left their footprints in such abundance on the sandstones
of the Connecticut valley, and encourages the hope that these rocks,

1 Geological Survey of the Midland Counties of North Carolina. New York, 1856, pp. 293-322, pl. 5-8.
American Geology, part vI. Albany, 1857, pp. 54-93, pls. 5a, Ga, 8, 10.

2Lea, Isanc: [On the finding of fossil reptile bones in a calcareous conglomerate near Upper Milford,
Lehigh county, Pa.] In Philadelphia Acad. Nat. Sci., Proc., vol. v, 1852, pp. 171-172. Description of a
Fossil Saurian of the New Red Sandstone formation of Pefinsylvania, with some account of that forma-
tion. In Philadelphia Acad. Nat. Sci., Jour., 2d ser., vol. 11, 1850-'54, pp. 185-202, pls. 17-19. Remarks
on the teeth of a Sauroid Reptile from near Phenixville [Pa.]. In Philadelphia Acad. Nat. Scit, Proc.,
vol. viir, 1856, pp.77-78. Abstract in Am. Jour. Sci., 2d ser., vol. xxi1, 1856, pp. 122-123. [Remarks on
fossils from near Pheenixville, Pa.} In Philadelphia Acad. Nai. Sei., Proc., vol. IX, 1858, p. 149.Leidy,
Jos.: [Remarks on fossils found near Pheenixville, Pa.] Tn Philadelphia Acad. Nat. Sci., Proc.,vol. X1,
1859, p. 110.

3Ichnology of New England: Boston, 1858, pp. 186-187. Supplement to the Ichnology of New Eng-
land : Boston, 1865, pp. 39-40, pl. 9.

4The writings in which these fossils have been treated are noted below:

{Remarks on extinct vertebrates from the Mesozoic Red Sandstone of Pennsylvania.] Philadelphia
Acad. Nat. Sci., Proc., Vol. XVI11, 1866, pp. 249-250, 290. ‘

Syuopsis of the Extinct Batrachia, Reptilia, and Aves of North Carolina. Am.Phil. Soc., Trans.,
vol. x1v, 1871, pp. 1-252, pls. 1-14.

Obsorvations on the Reptilia of the Triassic formations of the Atlantic region of the United States.
Am. Phil. Soc., Proc., vol. X1, 1871, pp. 444-446.

Observations on the distribution of certain extinet Vertebrata in North Carolina. Am. Phil. Soe.,
Proe., vol. XI1, 1871-'72, pp. 210-216, pls. 1-4.

Synopsis of the Vertebrata whose remains have been preserved in the formations of North Carolina.
Report of the Geol. Surv. of North Carolina, vol.1. By W. C.Kerr, Raleigh, 1875. Appendix B, pp.
,20-52, pl. 5-8.

Descriptions of extinct Vertebrata from the Permnn and Triassic formations of the United States.
Am. Phil. Soc., Proc., vol. Xvi1, 1878, pp. 182-196.

On some Saunrians found in the Triassic of Pennsylvania by C. M. Wheatley. Am. Phil, Soc., Proc.,
vol. xvi1, 1858, pp. 231-232.

[Vertebrate fossils of the Triassic beds of Pennsylvania.] In Sketch of the Geology of York
County, Pennsylvania. By P. Frazer. In Am.Phil. Soc., Proc., vol. xxi1, 1886, pp. 403-404.

A contribution to the history of the Vertebrata of the Trias of North America. In Am,Phil Soc.,
Proc., vol. XxI1v, 1887, pp. 228-229, pl. 1, 2.

5Notice of New American Dinosauria. In Am.Jour. Sci., 3d ser., vol. XXxXvI1, 1889, pp. 331, 332,
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usunally so barren in organic remains, may yield other vertebrate remains
in the future. Marsh has published a figure of the hind foot of this
fossil, and states that it is nearly related to the animal whose remains
were found at Springfield, Massachusetts, and described by Hitchcock?
under the name of Megadactylus polyzelus. Both fossils are referred to
the same genus by Marsh.

In studying the records that have been made from time to time of
the vertebrate fossils of the Newark rocks, one is impressed by the
large number of the genera and species that have been established on
very fragmentary remains, It seems, atleast to one who is not a pale-
ontologist, that many changes in their classification must be expected
when more complete materialis in hand. The detached teeth and frag-
ments of bone that have been found, however, are important in show-
ing that the Newark period had an abundant and varied batrachian
and reptilian fauna. This fact is also manifest from the numerous foot-
priuts discovered. ,

No bones or other remains of birds have been obtained. This,
although negative evidence, supports in a measure the conclusion
reached by various students of the subject, to the effect that the abun-
dant footprints discovered in the Connecticut valley, New Jersey, and
Pennsylvania were made by reptiles.

The batrachians and reptiles from the Newark system now known
from fragments of their skeletons are as follows:

THE NEWARK SYSTEM. [BULL.85.

Name. Localities.

BATRACHIA.

Phaonixville, Pa.
North Carolina.
Do.

FEupelor Aurtsr COPO - -« ennnneenn e e ee e amenaaeeeeaaanaaanns
Pariostegus myops Cope

Dictyocephalus elegans Leidy

REPTILIA.

Anchisaurus major Marsh...._............. e Manchester, Conn.

Belodon pirscus Leidy
B. caroliniensis Emm

B. leait Emm
B lepturud CoDO. n e m e iae e ietiaaaiaaaaaaaaaa
Paleosaurus frazerianus Cope
Suchoprion cyphodon Cope.
8. aulacodus Cope -..ccevueiiii oLt PRI TLRTPI
Olepsysaurus penngylvanicus Lea
C. beatleianus Cope
Palacoctonus appalachianus Cope
Thecodontosaurus gibbidens Cope

Emylsville and Pheenixville, Pa.
Egypt, N. C., Emylsville, and Pheenix-
ville, Pa.
Do.
Egypt, N. C., and Phoenixville, Pa.
Emylsville, Pa.

Pheenixville, Pa.
Emylsville, Pa.

FISHES.

A monograph by Newberry, on the fossil fishes-of the Newark sys-
tem, has recently been published, which contains all the information

1Supplement to the Ichnology of New England. Boston, 1805, pp. 8940, pl. 9.
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'obtaiuable on the subject and renders it unuecessary at this time to
refer to the works of previous writers in this connection. In the work
referred to twenty-eight species of fossil fishes are described and re-
ferred to seven genera. The works of previous authors, including
those of Emmons, W. C. Redfield, J. H. Redfield, and others, have been
revised and a large amount of new material added. This important
.monograph places our knowledge of the fossil fishes of the Newark
system on an equality with, if not in advance of, that of any other rock
1series in this country.

The fossils described and illustrated by Newberry were obtained from
Boonton, New Jersey, Durham, Connecticut, and Turner Falls, Massa-
chusetts. They occur for the most part in fine grained black shales,
and are to be looked for anywhere in the Newark system, where rocks
of this description occur. The localities now known from which fossil
fishes have been obtained in greater or less abundance in the system
under review are as follows: Clover Hill and Maniken, Virginia;
Phoenixville, and Yerkes, Pennsylvania; Boonton, Pompton Furnace,
Weehawken, Shady Side, Field’s copper mine (near Dunellen; this local-
ity is in Washington valley, 2 miles northwest of Dunellen, and is
probably referred to as ¢“Plainfield” by Newberry), and Washington
Crossing (8 miles above Trenton), New Jersey; Durham, Westheld,
Middlefield, Glastonbury, Middletown, Berlin, and Southbury, Con-
necticut; Amherst, Chicopee Talls, Hadley Falls, Middletown, Sunder-
" land, Turner Falls, Deerfield, and West Springfield, Massachusetts.

All of the fossil fishes thus far discovered at these localities are
Ganoids, and, with one exception, have small rhomboidal scales and
belong to the order Lepidosteidee. The exception is Diplurus, described
by Newberry, which is referred to the order Crossopterygidz.

The genera and species now known from these rocks are as follows:

Fossil fishes of the Newark system.

Name. Locality.
Acentrophorus chicopensis Newb ................. Massachusetts.
Catopterus redfielldi Bgt .. .oooovveeaiiiiitn New Jersey (?), Connecticut, Massachusetts ().
O. anguilliformis W.C.R. «..cooeeiiiiiiiaa ot New Jersey, Connecticut, Massachusetts (?).
C.gracilis W.C.R. cociiieiniiini it New Jersey, Connecticut.

C. minor Newb ............... Connecticut.

C. ornatus Newl ............. Do.

C.parvidus W.C.R - oioiiiiiiiiiiiiiiaiiaaa, New Jersey, Connecticut, Massachusetts.
Dictyopyge macrura Bgt .. .coocoooiiiiiiiaan Virginia.

Dipturus longicaudatus Newb ................... New Jersey, Connecticut.

Tschypterus agassizit W.C.R.....ooooooooionuaaa. New Jersey, Connecticut, Massachusetts.
I alatus NeWD «.ouneiniiiiiiiaiiaiaaaa, New Jersey.

T oraunii NewD . .ooveeoni i iiiiiaaiaes Do.

L. elegans NeWD «oceeenmememeeaeeeansl e Do. .

BB LT 17 New Jersey, Connecticut, Massachusetts.

1. gigas Newb New Jersey.
Llatus T H.R vivvesnenivnnacasasasannnnnnnnsss| Now Jersey, Connecticut,
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Fossil fishes of the Newark system—Continued.

Name. Locality.
I lenticularis Newb ....o.o..oooiiiiiiiiiiiiia. New Jersey.
I lineatus Newb ... ... iiiciiiaiieaan.. Do.
I. macropterus W.C.R . ccooieniiiiiaiiaiinaaa.. Connecticut.
I. marshii W.C.R Massachusetts.
I micropterus Newb ....c.ooioiiiiniiieianaanan. New Jersey, Connecticut, Massachusetts.
I minutus Newb ..o ooiiiiiiiiiiiiiaan Do.
I. modestus Newh .....ccooveiieinnnianinen.. New Jersey.
Tovatus W.C.R . ccveeit i icieaaanns New Jersey, Connecticut, Massachusetts.
Lparous W.C.R coneriien i iiiaeiiieaaanans New Jersey, Connecticut (¢), Massachusetts.
1. robustus Newb . ...oooniiiiiiniiiaiaiiaananaa. New Jersey.
I tenwiceps Ag ooooovvinnniiiiiiiiiii e New Jersey, Connecticut, Massachusetts.
Ptycholepis marshit Newb. . ..o .. iviiaian.a. Connecticut.

INSECTS.

The presence of insect life in the Newark period is recorded by the
larva of a certain insect in considerable numbers in the rocks of the
Connecticut valley, and by numerous trails and minute footprints on
the glossy surfaces of certain strata in the same region. The larva re-
ferred to has been found at Turner Falls, Massachusetts, and was fig-
ured by Hitchcock! under the name Mormolucoides articulatus. It has
been more recently described and figured by Scudder,? who concludes
that it is probably the larva of a Sialidan newropteron, and remarks
that it has special interest from the fact thatit is the oldest insect larva
known.

In “The Ichnology of New England” the footprints of insects are in-
cluded under one head with those supposed to have been made by crus-
taceans and myriapods, but in the “Supplement to the Ichnology of
New England” they stand by themselves and include twenty-four spe-
cies referred to eight genera. Some of these are illustrated by photo-
graphs by Hitchcock, and others are' shown in a similar manner by
Deane? in his beautifully illustrated work on the footprints of the Con-
necticut valley. )

The classification proposed by Hitchcock for these delicate impres-
sions is based wholly on the footprints themselves, and would no doubt
be greatly modified if additional data were obtained. The markings
are of great value, however, and record faithfully that there was an
abundance of invertebrate life on the shores where the gigantic rep-
tiles of the Newark period made their home.

14The Ichnology of New England,” pp. 7-8, pl. 7. N

2The oldest known insect larva, Mormolucoides articulatus, from the Connecticut river rocks. In
Boston Soc. Nat. Hist., Mem., vol. 111, 1886, pp. 431-438, pl. 45. Republished in the Fossil insects of
North America. New York, 1890. 4t, vol. 1, pp. 323-330, pl. 19.

3Ichnographs from the sandstone of the Counecticut river. Boston, 1861. Pls. 4041,
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CRUSTACEANS.

In the fine black shales and slates, and sometimes in the reddish
brown shales accompanying the coal seams of the Deep river, Dan
river, and Richmond areas, are great numbers of small crustaceans,
belonging to the genera Estherie and Candonia (cypride). The same
fossils occur in abundance in the black shale at Phenixville, Pennsyl-
vania, and in the similar rocks beneath the Palisades in New Jersey.
They have recently been found also by Nason' at many other localities
in New Jersey, and are thought by him to belong to certain definite hori-
zons, and therefore to be of value in deciphering the structure of the
system. The occurrence of these fossils throughout a wide range in
the fine grained strata at the south, has led the present writer to doubt
their value in determining special horizons, and indicates that they
may be expected almost anywhere in the system where fine grained
rocks occur.

These fossils attracted the attention of the pioneer geologists of the
Eastern states, and were described in part by Rogers, Lyell, Lea, Em-
mons, and others; but the most systematic and exhaustive study of them
that has been made is by Jones.? In the important monograph by this
author the descriptions and discussions of previous writers are re-
viewed, and the fossils themselves described and illustrated. The sev-
eral genera and species proposed by previous writers are shown to be-
long to a single species of Estherize and two species of Cadonia (?).
The classification of these fossils as it now stands is as follows: Isthe-
ria ovate Lea (including the Posidonomya minuta, of Rogers and Lyell;
Posidonia Lea; P. parva Lea; P. ovalis Emm.; P. multicostats Emm.;
P. triangularis Emm.); Candona (%) rogersi, Jones (including. the
Cypris, of Rogers, Leidy and Wheatley, and Bairidia and Cypris, of
Emmons); Candona (%) emmonsi¢ Jones (including the granulated
species of Cypris, mentioned by Rogers and Wheatley). Full refer-
ences to the writings of previous authors on these fossils will be found
in the monograph just cited.

Besides the cases of minute crustaceans referred to above, fragments
of a shell of Limulus and of other crustaceans have been reported by
‘Wheatley® from the black shales near Pheenixville, Pennsylvania, but
these remains seem to have been too imperfect to admit of more than
a provisional classification.

Among the numerous tracks discovered on the sandstone of the
Connecticut valley, there are a number which seem to have been made
by crustaceans, some of them of large size, as was determined by
Hitcheoek. Several illustrations of these footprints are given by

1Gool. Surv. of Now Jersey, Aun. Rep. for 1888, pp. 28-30.

2 A Monograph of the Fossil Estherice. Puleontographical Socicty, London, 1862. 4to. Pp. 81-89,
124-126, pl. 2.

2Remarks on the Mesozoic red sandstone of the Atlantic slope, and notice of the discovery of a
bone-bed therein at Phanixville, Pa., in Am. Jour. Sci., 2d ser., vol. XXXII, p. 43,
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Hitcheock in his work on Ichnology. Trom the meager records left by
these animals, it is manifest that we must wait for further evidence
before their place in the zoological series can be assigned.

MOLLUSKS. :

Molluscan remains are exceedingly rare in the rocks of the Newark
system. The earliest record of the supposed occurrence of a shell is
by E. Hitchcock, jr. The fossil referred to was found in the coarse
sandstone of Mount Tom, Hampshire county, Massachusetts, and was
thought by its discoverer to be allied to the Rudiste of Lamarck, but
the fossil was so imperfect that even its family relations could not be
assigned with confidence. From the description and the rude figure
published by Hitcheock,' it seems doubtful if the object reierred to can
even be classed among mollusks. Even if it is a shell, as supposed, its
imperfect ‘condition and the fact that no other specimens have been
found, deprive it of nearly all taxonomic value. It was used by Hitch-
cock,? however, as evidence of the post-Triassic age of the rocks in
which it was found. . :

Two species of Astarte, from near Washington, Middlesex county,
New Jersey, were described as being from the rocks now under dis-
cussion, by T. A. Conrad,® but the rocks in which they were found have
been shown by Whitfield* to belong to the Raritan clays, which are
classed by McGee® in the Potomac formation. Conrad has also described
a fossil shell, Solemya triasina, from near Perkiomen creek, which
empties into the Schyulkill near Valley Forge, Pennsylvania, and still
another, the Myacites pennsylvanicus,” from Pheenixville, Pennsylvania.

Ldwis® announced in 1884, the discovery of five distinet species of
lamellibranchs at Pheenixville, Pennsylvania. Two of these are Unios
somewhat resembling U. calceolus and U. lanceolatus, of Lea; the others
were marine forms. In order to complete the record certain doubtful
references of fossil shells to the Newark rocks may be mentioned. Isaac
Lea? found small gasteropod shells in calcareous conglomerate, but those
were probably in fragments of Silurian limestone contained in the con-
glomerate. Another discovery referred with doubt to this system, was

1} A new fossil shell in the Connecticut river sandstone, in Am. Jour. Seci., vol. XX11, 1856, pp. 239-240.

2Ichnology of New England, pp. 6-7, pl. 5.

3Descriptions of and references to Miocene shells of the Atlantic slope, and descriptions of two
supposed Cretaceous species, in Am. Jour. Conch., vol. 1v, 1868, p. 279.

4 Brachiopoda and Lamellibranchiata of the Raritan clays and greensand marls of New Jersey; U.
S. Geol. Surv., Monograph vol. 1x, 1886, pp. 22-27.

5 Three formations of the Middle Atlantic slope, in Am. Jour. Sci., 3d ser., vol. XXv, 1888, pp. 136-137.

6 Descriptions of new fossil Mollusca, principally Cretaceous, in Am.Jour. Conch., vol. v, 1870, p.102.

NoTE.—From the arrangement of this article it would appear that three other fossils, one of them
from Haddenfield, N.J., wore also referred to the Newark system, but it does not seem as if this could
have been Conrad’s intentions. I. C. R.

7 Description of new species of Myacites, in Philadelphia Acad. Nat. Sei., Proc., vol. 1x, 1857, p. 166,
vol. x11, plate.

8 Science, vol. 111, p. 295.

9Phil. Acad. Nat. Sci., Jour, n. 8., vol. 11, 1853, p. 194.
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made by W. M. Gabb,! at Warm Springs, Virginia; we now know that
the beds at that locality are much older than the Newark.

The nearly complete absence of molluscan fossils and the total absence
of sponges, corals, and other life records characteristic of oceanic con-
ditions, as well as the discovery of Unios by Lewis is evidence that the
waters in which the Newark beds were deposited were not in open com-
munication with the ocean.

FOOTPRINTS.

Tootprints in sandstone and shale have been found at a large number

of localities in the Connecticut valley, New Jersey, and Pennsylvania.
In the areas south of Pennsylvania no records of this character have yet
been discovered. The numerous localities in the Connecticut valley in
which footprints have been obtained are indicated in part on the map
accompanying Hitchcock’s work on Ichnology. In New Jersey these
fossils have been found at New Vernon, Whitehall, Pompton Furnace,
and Boonton, Morris county ; underneath the Palisades at Weehawken,
in Washington valley near Plainfield, near Princeton; and at Milford
and Tumble station on the Delaware. The localities tha,t have yielded
the most abundantly are Whitehall and Milford.
. In Pennsylvania fossil footprints were found many years ago and
described by Lea.? More recently they have been found by Wanner3
in considerable numbers, at Goldsboro, York county. Many of the foot-
prints from New Jersey and Pennsylvania have been examined by C.
H. Hitcheock, and found to belong to the species which occur in the
Connecticut valley.

The history of the discovery of footprints in the Connecticut valley
is well known and does not require more than brief mention at this time.
The chief works on the subject are indicated below,* and in these refer-
ences will be found to earlier publications.

In Hitchcock’s great work on the Ichnology of New England, and in
the supplement that followed, the footprints of more than one hundred
distinct species of animals, some of them of gigantic size, were described
and named. In this investigation the footprints alone were available
for study, and on them a detailed classification was based. In this
classification the footprints are referred to animals ranging from mar-
supialoid mammals, through birds, batrachians, lizards, turtles, crus-
taceans, myriapods and insects to annelids. Theve are besides certain
peculiar markings which are supposed to have been made by fishes.
In addition to the records of animal life, the surfaces bearing the foot-
prints are frequently pitted with raindrop impressions, beautifully cor-

1Phil. Acad. Nat. Sci., Jour., vol. 1v, 1860, p. 307,

2Philadelphia Acad. Nat. Sci., Proc., vol. vi, 1856, p. 8.

3 Annual Report of the 24 Geol. Surv. of Pennsylvania, for 1887, Harrisburg, 1889, pp. 31-35.

4 Hitcheock, E.: Ichnology of New England, Boston, 1858,4to, pp. I-X11, 1-220, pls. 1-60. Supplement
to the Ichnology of New England, Boston, 1865, pp. 1-X, 1-96, pls. 1-20. Deane, J. Ichunographs from
the sandstone of the Connecticut river, Boston 1861, 4to, pp. 1-61, pls. 1-46.
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rugated with ripple marks, and covelcd with a network of intersecting
shrinkage cracks.

The majority of the tracks discovered by Hitchcock have three toes,
and were supposed by him-to have been made by birds. This conclu-
sion has subsequently been greatly modified owing to the fact that four
and five toed tracks have been discovered in such relation to the three-
toed ones, as to show that the animals that made them were four footed.
The true ornithic character of any of the tracks can not be considered
as proved, and the opinion now prevails among those best qualified to
judge in such matters, that the greater part of the tracks were made
by reptiles and amphibians.

PLANTS.

Fossil plants have been found in several of Newark areas, from the
Connecticut valley southward, but they occur in greatest abundance in
connection with the coal seams of the Richmond and Deep river areas.
In the Connecticut valley they have been found sparingly at Turner Falls
and Sunderland, Massachusetts, and at Durham, Middletown and Port-

land, Connecticut. In New J ersey they occur in smmll numbers at New-

ark, Mllford Boonton, and a few other less important localitics. In
Pennsylvania, a few have been found at Pheenixville, Guynedd, and
Goldsboro. In the Richmond area they occur in great abundance at -
Clover Hill, and have been found at Midlothian and Manikin, Deep
run, cte., where fine dark slates oceur. They have been found al = in
the Farmville area, but no considerable collections have been made
there. In the Deep river area they are abundantin the fine slates asso--
ciated with the coal deposits near ligypt, and were found also by
Emmons in considerable numbers near Locksville, in a dark slate inti-
mately associated with coarse conglomerate.

In the northern areas the plant remains are largely in sandstone, and
consist usually of the more durable portions of plants which could with-
stand long transportation. At several places in the Connecticut valley
and New Jersey they consist of stems deprived of their leaves and bark
and scattered through the sandstone. In such cases it is evident that
they have been subjected to long transportation, and swept into the
areas of deposition from neighboring highlands. In the south, however,
the conditions in the majority of instances were different, the plants
were preserved where they grew, and even the most dehcate fronds
were faithfully preserved. In some of the sandstone areas the silicified
trunks of trees are preserved in considerable numbers. One of the
most important localities is at Germantown, at the southern end of the
Dan river area, Similar silicified trunks have also been found at Man-
assas, Virginia, and in Massachusetts.

Obscure vegetable remainsfrom the Connecticut valley were described
principally by Hitcheock, but were too imperfect to be of much value.
The plants of the Richmond coal field attracted the attention of Rogers
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and of Lyell, while those of North Carolina were described and illus-
trated by Emmons.

A few plants from the Richmond coal field found their way to Europe
and were described in the classic works of Schimper and Brongniart.
Recent studies of these fossils, however, have carried our knowledge of
them far beyond the early attempts, and in the monographs of Fon-
taine! and Newberry? is contained our present knowledge of this flora.

In Fontaine’s monograph descriptions and figures are given of forty-
two species of fossil plants from the Richmond coal field, and it is sup-
plemented by descriptions of about the same number from North Caro-
lina by Emmons. The contributions to this.flora from the localities
mentioned in New Jersey and the Connecticut valley are few in number
and consist principally of the leaves of cycads. The plants thus far
found include conifers, cycads, equiseta, and ferns, besides a few species
the relations of which have not been definitely determined. The most
characteristic and at the same time the most abundant is a magnificent
broad-leafed fern, referred to the genus Macrotwniopterus. The ap-
pearance of this beautiful plant as it grew beside the still waters of
the ancient swamps of Virginia, is shown in Plate vut. This restora-
_ tion has the approval of Fontaine, and may help to render more real
the usual fragmentary records from which our knowledge of this ancient
flora is derived. The Juxuriant subtropical vegetation of the lowlands
of Virginia during the Newark period has its nearest analogue to-day
in the silent fern forests of New Zealand. In Virginia the ground
must have been thickly covered with lowly ferns, above which rose
the graceful bending equiseta and those ferns which had broad, palm-
like fronds., On the drier ground grew the stiff-leafed cycads with
theirimmense cones. Theuplands must have been clothed with a dark
forest of pine resembling the beautiful Auracaia now growing in certain
of the South Sea islands. This beautiful flora, which to us seems so
strange, probably covered all the region adjacent to the basin in which
the Newark rocks were being deposited. In the swamps of the South
where the conditions were most favorable for its preservation abundant
records were preserved, but in the North only occasional fronds and
water-worn trunks were deposited in the accumulating sands.

The plants now known from the Newark system are indicated in the
following list. In making this catalogue the works of Fontaine and
Newberry have been followed, but Fontaine’s monograph has recently
been reviewed by Stur,® and many of the plants described in it identi-
fied with those of the Lettenkohlen of Germany. Should these identi-
fications prove correct many of the names given in the list will have to
be changed. .

1T. 8. Geol. Sury., Monograph vol. 6, 1883,

2. 8. Geol. Surv., Monograph vol. 14, 1888,

3Die Lunzer-(Lettenkohlen-) Flora in den '* older Mesozoic beds of the Coal Ficlds of Eastern Vir-
ginia.” In Verhandlungen der K. K. geologischen Reichsanstalt, No. 10, 1888, pp. 203-217.
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Plants from the Newark System.
Y
Name. Locality. Name. Locality.
CONIFERZE. EQUISETEZE.
Araucarites carolinensis.| North Carolina. Calamites arenaceus..... Virginia.
Baiera multifida ......... Connecticut  valley, || Equisetum arundini- Do. |
North Carolina, Vir- forme.
ginia. E.meriani ...............| Connecticut valley.
B. miinsteriana.......... Connecticut  valley, || E.rogersi North Carolina, New
North Carolina. Jersey, Virginia.
Pachyphyllum brevifo- | Connecticut  valley, || Schizonoura planicostata.| Connecticut  valley,
lium. New Jersey. New Jersey, Vir-
P. miinsteri.............. Connecticut  valloy, ginia.
New Jersey, Vir- | Schizoneura, sp.?........ Virginia.
ginia, S. virginiensis ........... Do.
P. perogrinum . North Carolina. FILICES.
P. simile......ooeoneno Col‘v;nec;wut valley, || Acrostichides densifo- | Virginia.
ew Jersey. lius.
iaﬁssya """"" New Jerscy: A.tegyptiacus ........... North Carolina.
Pa ssy;? ot Nort;lj()a.rolnm. A linnmeefoling ......... North Carolina, Vir-
. carolinensis . . -........ 0. . .
3 ginia.
P diffusa . ..oovoeeenen Do. A.microphyllus ......... Virginia.
ZAMIEAS AND CYCADEZS. A. rhombifolins.......... North Carolina, Vir-
Ctenophyllum braunia- | North Carolina, Vir- ginia.
pum, var. a ginia. A. rhombifolius, v ar. | Virginia.
C. braunianum, var.B...| North Carolina. rarinervis.
C.emmonsi - ... e Do. Actinopteris quadrifoli- | North Carolina.
C.giganteum ............ Virginia. ata. X
C. grandifolinm. ......... Do. Asterocarpns penticar- [ Virginia.
C.lineare ................ North Carolina. pas.
C.robustum «ueneoeno ... Do. A.platyrachis ........... North Carolina, Vir-
C.taxinum .. Deo. ginia.
C. truncatum Virginia. A. virginiensis.......... Virginia.
- Cyeadites acutus ........ North Carolina. A. virginiensis, var. ob- Do.
C.longilolius ............ Do. tusiloba.
C. tenuinervis .. ......... Virginia. Asplenites rosserti ...... North Carolina,
Cycadinocarpus chapini.| Connecticut valley. Cladophlebis auriculata..| North Carolina, Vir-
Dionite ifolius ... . ginia.
iodnites longifolius Nc;‘t;:! Carolina, New C. microphyla........... Virginia.
eraey. iloha North Carolina.
Otozamites brevifolius .| Connecticut valley. g 02(,1:3]101)’1, """"""" Vir i;i'm na
O. carolinensis ........... North Carolina. U.o * “(i(; Whtb1 nsm th; ’
O.latior.................. Connecticut va]lc'y. C‘ f::l‘:n di.lob:, © o Do.
Pod . - ol - . F .
Podozamites emmonsi . pr:tl.x Carolina, Vir C. subfaleata. . .. Do.

P. tenuistriatus Vigr];lz;a C.platyphylla ........... Connecticut  valley,
. tenuistriatus ......... . J vi
Pterophyllum, affine..... g:::l ersey,  ViF

P.decussatum ........... Nort,}x Carolina, Vir- || ¢, platyphylla, var. ex- | Virginia.
ginia. pansa.

P.inequale ..... .a...... Virginia. Dicranopteris, sp?....... Do.
P.pectinatwm............ North Carolina. Lacopteris emmonsi ..... North Carolina.
P.spatulatum............ Do. L.carolinensis ...... .... Do.
Sphenozamites rogersi- | North Carolina, Vir- || L.elegans................ Do.

anus. ginia. Lonchopteris oblongus .. Do.
Zamiostrobus virginien- | Virginia. L. virginiensis .... ...... Virginia.

gis. Macrot@niopteris cras- Do.
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Name, *

Locality.

Name.

Locality.

FILICES—continued.

M. magnifolia............
Mertensides bullatus . ...

M. distans
Pecopleris rarinervis. ...

* Psuedodanieopteris ner-
vosa.

North
ginia.

North Carolina, Vir-
ginia.

Virginia.

North Carolina, Vir-
ginia.

North Carolina, Vir-
ginia.

Carolina, Vir-

FILICES~—continued.

P.reticulata.............
Sagenopteris rhoifolia . ..

PLANTS OF UNDETERMINED
RELATIONS.
Dendrophycus triagsicus
L. simplex..co..coo.....

North Carolina, Vir-
ginia.
North Carolina, Vir-

ginia.

Counecticut valley.
Connecticut  valley,

Virginia.

Besides the plants catalogued above, a few minor discoveries may be
noted : Isaac Lea® has recorded the discovery of a single plant resem-
bling Noeggerathia cuneifolia Brog., near Pheenixville, Pennsylvania.
A fucoid named Palewophycus limaciformis Lew., was found by Lewis,?
at Milford, New Jersey. A stem with markings similar to those of Lep-
idodendron was found at Belleville, New Jersey.’?

Bull, 85—

1Phil. Acad. Nat. Sci., Proc., vol. viii, 1856, p. 78.
2Phil. Acad. Nat. Sci., Proc., vol. Xxx11, 1880, p. 293.

5

8Geol. of N. J., Ann. Rep. for 1879. pp. 26-27.



CHAPTER VII.
ASSOCIATED IGNEOUS ROCKS.

Intimately associated with the sedimentary strata of the Newark
system in nearly all its various areas, are dikes and sheets of igneous
rock. The outerops of these rocks are everywhere remarkably uniform
in general appearance, and have but little variety in their mineralog-
ical and chemical composition. They are classed as basalt and dole-
rite by petrographers, but have all been known as ¢ trap rocks,” a term
sufficiently accurate for general use and which will be retained’in this
paper.
~ In the various Newark areas trap rock appears in two ways, either
as dikes breaking across the sedimentary strata, or as sheets more or
less uniformly interbedded with them. The sheets are either extrusive,
and were spread out as overflows of lava before the accumulation of

.the sedimentary strata was completed, and subsequently buried beneath
the shales and sandstones of later date; or intrusive, and forced in
between the strata after their consolidation.

The trap rocks are not confined to the Newark areas, but, in the form
of dikes, occur throughout nearly the entire Atlantic coast plain and in
the adjacent Appalachians. The evidence showing that the trap dikes
in the crystalline and Paleozoic rocks surrounding the Newark areas
are a part of the same great system of dikes and sheets occurring within
those areas, will be stated in describing their geographical distribution.
The age of the trap rocks and their importance in a general study of
the Atlantic coast region, will be considered in the summary at the end
of this chaptet.

MINERALOGICAL COMPOSITION.

As one sees the traps in the field, they are dense, heavy rocks, hav-
ing a dull, nearly black color when somewhat weathered, but frequently
appear bluish or greenish on fresh surfaces. They appear under two
general aspects, compact and vesicular. The former occurs in dikes.
and sheets, and is frequently columnar, while the latter occurs almost
entirely in sheets. The vesicular trap has frequently been changed to
am amygdaloid by the filling of its cavities with a secondary mineral.

Determinations of specific gravity and mineralogical analyses of trap
rock from various localities, from Nova Scotia to the Carolinas, have
66
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shown that they are remarkably similar throughout their entire extent.!
Their essential elements in an unweathered condition, as shown by I. S.
Dana, are pyroxene, labradorite, and magnetite, with occasionally some
chrysolite and apatite; chloriteisoften present as aresult of local change.

It has been shown by Hawes that the feldspar element is not a single
feldspar, but labradorite and another mineral having theratio of andesine.

The iron, in places at least, is uncombined, as has been shown by Van
Dyck, and elsewhere appears as magnetite and titanic iron. Among
the minerals resulting from secondary alteration are a great variety of
zeolites, calcites, etc.

As determined by Iddings,? the trap rocks are generally holeocrystal-
line, and formed of lath-shaped basic feldspar, irregular grains and
crystals of augite, grains of iron oxide, together with considerable green
serpentine or chlorite, which is disseminated through the mass and is
evidently the alteration product of a fourth primary constituent. Speci-
mens collected at Orange, New Jersey, where the trap occurs in Jarge,
well defined columns, when examined in thin sections, however, were
found not to be holocrystalline, but to contain a variable amount of
glass base. The large serpentine blotches contain olivine in their
centers, the primary mineral from which the serpentine is formed.
This rock is in every way identical with many medium grained basalts
which have been poured out. at the surface in recent times, and should
be called basalt. The coarser grained varieties are dolerite, as deter-
mined by E. S. Dana. The presence of hornblende as an essential con-
stituent in the trap near Gettysburg, Pennsylvania, has been reported
by Frazer.? .

It has been shown by several petrographers that when the rock is
somewhat altered, either during its extrusion, through the action of
heated solutions, or by weathering after exposure at the surface, that
hydration has taken place and various secondary minerals formed.
‘Wihen the trap rocks are more thoroughly decomposed, they form a
tenaceous residual clay, usually yellowish or mottled in golor, and
showing no resemblance to the rock from which it was derived. In
the unglaciated portions of the Newark belt the trap rocks are fre-
quently completely decomposed to a depth of from twenty to fifty feet.
Owing to their greater solubility than the adjacent sandstone and shales,

!Dana, J. D. [Density and composition of Newark Dolerites): Am. Jour. Sci., 3d ser., vol. vi, 1873,
pp.106-107. Dana, E. S.: Trap rocks of the Connecticut valley. Am. Ass. Adv. Sci., Proc., vol. xxu11,
1874, pp. 45-47. Van Dyck [Native iron in the trap rocks of New Jersey]: Geol. Surv. of New Jer-
sey, Ann. Rept. for 1874, p. 57. Frazer, P.: On the traps of the Mesozoic sandstone in York and
Adams counties, Pennsylvania. Am. Phil. Soc., Proc., vol. Xtv, 1875, pp. 402-414, 431; Pls. 1-4. Also,
Sceond Geol. Surv. of Penusylvania, vol. ¢, 1876, pp. 124-129; pls. 2,3. Frazer,P.: A Study of the Igne-
ous Rocks. A, Inst. Mining Eng., Trans., vol. v, 1877, p. 146. On the physical and chemical char-
acteristics of the trap eccurring at Williams Point (Lancaster County, Pennsylvania). Am. Phil. Sec.,
Proc., vol. xvii1, 1880, pp. 96-103, and plate. Hawes, G. W.: On the mineralogical composition of the
normal Mesozoic diabase upon the Atlantic border. U.S. Natl. Mus., Proc., vol. 1v, 1881, pp. 129-134.
Marsters, V. F.: Triassic traps of Nova Scotia. In American Geologist, vol. v, 1890, pp. 144-145.

2The Columnar structure in the Igneous Rocks of Orange Mountain, N. J.; Am. Jour. Sci., 3d ser.,
vol. XXXI, pp. 321-331, PL. 9.

3Am, Phil, Sec., Proc., vol. x1v, 1875. p. 43.

0
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they frequently give origin to depressions in the topography of the
region they traverse.! In the glaciated region the outcropping edges of
trap sheets usually stand in bold relief. The differencein their appear-
ance in glaciated and unglaciated regions is due to the fact that while
more resistant than the associated strata to mechanical erosion, they
are usually much more susceptible to chemical changes. -

CHEMICAL COMPOSITION.

Numerous analyses of the trap rocks have been made; principally
from Connecticut valley, New Jersey, and Pennsylvania. It is not
necessary to assemble these analyses here, as they may be found from
the following references; but, in order to show the general composition
of the rock, the average composition of eight samples of unaltered
dolerite from New Jersey and the Connecticut valley, analyzed by
G. W. Hawes, is inserted.

slverage composition of unaltered dolerite.?
Per cent.

Silica (8i0g) - oo e i 5250
Alumina (ALOs) ...... e e e peee. 14015
Ferrous oxide (FeO). ...l 9-24
Yerric oxide (FexOs). oo ennn il e 1°96
Manganous oxide (MnO) ... L.
Lime (Ca0) «ovmen e e e

Magnesia (MgO)..
Chromic oxide (Cry03) ..o oooeo ool ..

0T P L\ PX 0
Potash (KoO) o ovnn i
Phosphoric acid (PeOs).---...... e e o
Titanic aecid (TiOg)...c.ceven.o.. P e
Water (by ignition, (H;0) ................ P 092

Total e ... 99°86

'Bull. U. S. Geol. Surv., No. 52, pp. 15-18.

2 Analyses 9f Newark trap rocks may be found as follows:

Cook, G. H.: [Name of imalyst not given]. Analyses of trap from many localitics in New Jersey ;
Geol. of N. J., 1868, pp. 215-218. :

Tyson, S.T.: Analysis of West Rock, Coun. Am. Jour. Sei., 3d ser., vol. vi, 1873, p. 107.

Allen, O. D.: Partial analysis of trap from near lake Saltonstall, Conn. Am.Jour. Sci., 3d ser., vol.
vi, 1873, p.107. .

Mixter, W. G.: Analysis of traps from the Palisades, N.J. Am. Jour. Sci., 3d ser., vol. vi, 1873, p. 106.

Hawes, G.W.: Analyses of trap from West Rock, Wintergreen lake, lake Saltonstall, South Dur-
ham mountain, Conn.; Mt. Holyoke, Mass., and Jersey City, N. J. Am. Jour. Sci., 3d ser., vol. 1X.
1875, pp. 185-192, 454~457.

Trazer, P.: Discussion of the analyses of trap rock from West Rock, Conn., and from near York, Pa.
Second Geol. Surv: of Pa., vol. T, pp. 118-124.

Genth, jr., F. A.: Analyses of trap rocks from Pennsylvania. In Second Geol, Surv. of Pa., vol. C 6,
1831, pp. 94-99, 134. Analyses of trap from Gulf Mills, Pa. Am.Phil. Soc., Proc., vol. XX, 1885, p.
454. Analysis of trap from Cornwall iron mines, Pa. Ann. Rep. 2d. Geol. Surv. Pa., for 1885, pp.
498-499. Amalyses of trap from Williams Point, Lancaster county, Pa. Am. Phil. Soc., Proc,, vol.
Xviit, 1880, p. 96.

Genth, T. A.: Analysis of trap from near York, Pa. Second Geol. Surv. of Pa., vol. ¢, 1876, pp.
122-124.  Analyses of minerals and rvocks from Bucks, Montgomery, and Philadelphia counties, Pa.
Second Geol. Surv. of Pa., vol. ¢ 6, 1881, pp. 94-99, 134,

Chatard, ‘L. M.: Analyses of decomposed trap from Nerth Carolina. Bull, U.S. Geol. Surv., No. 52
1889, p. 18. .
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CHARAGTERISTICS OF TRAP DIKES.

The general trend of the dikes throughout the Newark system and
in the surrounding areas is northeast and southwest. Those in the
crystalline rocks, as a rule, are narrower than those penetrating sedi-
raentary strata. Where dikes occur in the Newark system a hardening
and alteration in color of the adjacent sedimentary beds is noticeable.
This change seems to be due directly to a baking of the strata; but in
some sandstones, especially at the south, it appears to have resulted
from the deposition of mineral matter by heated solution. Observa-
tions on the change in color and texture in the strata adjacent to trap
dikes and sheets have been summarized by W. M. Davis,! who has
shown that such alterations are confined to the immediate vicinity of
the intrusion. The alterations in color consist frequently in the dark-
ening of the rocks. A reddening is not common, and the fallacy of
supposing that the general reddish color of the Newark rocks is due to
an alteration in the iron they contain, by the heat of the intruded rocks,
is clearly proved.

The observations of the present writer have shown that one of the
most common changes in the color of the sandstones and shales adjacent
to the trap dikes in Virginia and the Carolinas is an alteration to a

. deep purple color, which fades out into the normal brownish red tint of

the Newark rocks at a distance, usually, of two or three feet. Many
times the presence of a dike which is deeply decomposed and does not
appear at the surface is indicated by two parallel bands of dark purple
shale which define its boundaries., The hardened walls adjacent to the
dikes resist weathering more effectually than the dikes themselves, and
frequently stand in relief when the dike itself is depressed several feet
below the general surface.

In some cases the dikes have a columnar structure at rlght angles to
their walls, indicating the manner in which they.were cooled and crys-
tallized. In many instances the borders of the dikes show a fine,
cryptocrystalline structure, while the central portion, owing to their
cooling more slowly, is coarsely crystalline.

In the deeply decomposed dikes at the south a concentric structure
is frequently developed by the decomposition. Rounded bowlders,
resulting from disintegration, frequently occur seattered through yel-
lowish clay in dikes that are partially decomposed ; but when the alter-
ation is more complete, the characteristics of the origina. rock entirely
disappears and yellowish clay alone remains.

CHARACTERISTICS OF TRAP SHEETS.

. The trap sheets interstratified with the sedimentary beds of the New-
ark system are of two classes, as has been shown especially by W. M.

! On the relation of the Triassic traps and sandstones of the eastern United States. In Mnus. Comp.
Zool., Harv. Coll. Bull., vol. vi1, 1883, pp. 300~302.
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Davis: Tirst, contemporaneous sheets, or those formed by the swface
eruption of igneous rocks and subsequently buried beneath sedimentary
beds; second, intruded sheets or those forced in between the sedimen-
tary strata subsequent to their consolidation.

The contemporaneous sheets are conformable with the stratified beds
both above and below, while the intruded sheets, although conformable
over large areas, in many instances break across tlie strata, forming
dikes which connect the sheets at various horizons. The contempora-
neous sheets have altered the sedimentary beds on which they rest, and
are scoriaceous at their upper surfaces. The strata resting upon them
are unaltered, and may contain fragments of the underlying trap or ex-
truded scoria, voleani¢ tuff, and the finer products of eruption known
as volcanic ash.

The intruded sheets have metamorphosed strata both above and be-
low, and, cooling under pressure, are more compact throughout than
the extruded sheets. They cooled most rapidly at their surface, and
hence are compact and eryptocrystalline above and below, while their
central portions are usually coarsely crystalline.

These characteristics have been discussed by Davis, in connection
with the study of the trap sheets of the Connecticut valley, and have
been applied by Darton’ in the investigation of the trap sheets of New
Jersey.

GEOGRAPHICAL DISTRIBUTION.

'lRAP DIKES Ol’I‘QIDE TIIE NEWARK AREAS.

The great extent of the series of dikes intersecting the Newark areas
and their extension into the surrounding areas of crystalline and pa-
leozoic rocks have already been referred to; but it is only within the
Newark areas themselves that the distribution of the traps has been
approximately determined. Numerous dikes have been described and
mapped in Newfoundland, Nova Scotia, New Brunswick, Maine, Ver-
mont, New Hampshire, and eastern Massachusetts, some of which, it
seems probable from the descriptions given, belong to the series which
traverse the Newark system, but much study is required before this
connection can be determined with certainty.

It has been stated by Hobbs? that certain diorite dikes near Boston
have generally been considered as post-Newark in age, on account of
their lithological resemblance to the diabases of the Connecticut valley.

On the geological map of Connecticut published by J. G. Percival in
1842, several narrow trap dikes, somewhat disconnected, are indicated
as traversing the crystalline region outside the Newark area.

The work of the Second Geological Survey of Pennsylvania has shown
the presence of several such dikes in crystalline and Paleozoic regions

10n the relations of the tvaps of the Newark aystem in the New Jersey region. U, S, Geol. Survey,
Bull. No. 67.

2(0n the petrographical characters of the dike of diabase in the Boston basin. In Mus. Comyp. Zool.,
Harv. Coll. Bull,, vol. xvi, 1888, p. 1.

.
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of the eastern part of that State. One of the dikes starting just west
of the border of the Newark area, near Holly Springs, Cumberland
county, Pennsylvania, runs north with some breaks and irregularities,
across Perry county and into Dauphin county, a distance of about 35
miles, Other dikes traversing Paleozoic and crystalline rocks occur in
Lancaster county, a little south of the Newark area.

The most remarkable dike in this region , however, begins at the north,
in Bucks county, and runs in a general sout;hwestelly direction across
Pennsylvania and into Maryland for a distance of 90 miles. This dike
has been described and mapped by Lewis.! Its northern end is in the
Newark system, but throughout the greater part of its course it trav-
erses Silurian and crystalline strata.

Southwest of the southern end of the dike described by Lewis, and
possibly a continuation of it, is another dike, more or less broken, the
course of which has been traced by S. H. Williams for about 30 miles.
This dike, as I have been informed by Williams, is later than any of the
associated igneous rocks in the region, and was intruded after the crys-
talline rocks had their present attitnde. Lithologically it is undis-
tinguishable from the characteristic trap rocks of the Newark system.
Williams has also trated the course of another dike beginning in the
Newark arvea of Maryland, near the Pennsylvania boundary, and run-
ning southward to the Potomac. This dike leaves the Newark rocks
about 10 miles north of Frederick, and for the remainder of its course
traverses the crystalline area. '

In Virginia, west of the southern end of the New York-Virginia area,
there are trap dikes of the same character as those mentioned above,
which trend a little west of north and cut across the folds of the Appa-
lachians. Again, in the western part of Virginia, on the west side of
the great Appalachian valley, several small trap dikes have recently
been observed by Darton; specimens from these, examined by Diller,
are found in all cases to be closely similar to, and in one 1nstan('e iden-
tical with, those of the Newark system.

Far fher north in Virginia and the Carolinas trap dikes outside of the
Newark areas are of common occurrence but have not been mapped, and
little is definitely known concerning their distribution. Tn South Car-
olina the same great system continues southward far beyond the last
remnants of the sedimentary beds‘of the Newark, but still retaining all
the geological and lithological characters that distinguish it in the north.
The dikes of South Carolina were recognized by Tuomey ? in his admir-
able report of 1848, and their relation to the series of similar dikes far-
ther north fally understood. The author cited states that he traced
the dikes referred to through Georgia, and as far as the Coosa river in
Alabama, and also that the direction of the dikes in South Carolina is
exceedingly uniform, varying between 15 and 35 degrees east of north,

VA greattrap dike across southeastern Pennsylvania. In Am. Phil. Soc. Proc., vol. XXII, 1885, pp. 438~
456 and map.
2 Report Geology of South Carolina, Columbia, S. C., 1848, 4to., pp. 65-68.
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and that they are but slightly inclined from the vertical. My opportun-
ities for observation in South Carolina, although limited, are sufficient
to indicate that Tuomey’s conclusions seem in every way correct. The
reports of the State geologists of Georgia and Alabama contain brief
accounts of trap dikes which are supposed to belong to the series under
review. Such observations as have been made in this region show that
the dikes are abundant, and probably much more numerous than in the
northern part of the Atlantic coast plain. Their southern limit is un-
known for the reason that, in common with the crystalline rocks they
traverse, they disappear beneath the Cretaceous and Tertiary strata,
wrapping around the southern end of the Appalachian mountains.

This hasty sketch of the extent of the trap dikes outside of the New-
ark system will serve to show their importance in the geology of the
Atlantie slope and suggest future lines of investigation. The length
‘of the series of dikes as now known is about 1,000 miles, and its width,
although its eastern border .is concealed by more recent geological de-
posits, and by the ocean, is not less than 200 miles.

TRAP ROCKS OF THE ACADIAN AREA.

The trap rocks belonging to the Newark system in Nova Scotia form
a bold mountain ridge extending along the eastern sho.e of the bay of
Fundy from Blomidon southward to Brier island, and also many bold
headlands and picturesque islands in and about the basin of Minas and
the waters connecting with it. These rocks have been studied by J.
W. Dawson, especially, and it is to his well known work on Acadian
geology that we owe the greater part of our information concerning
them. The trappean mass bordering the bay of Fundy on the east is
vesicular below and compact and basaltic above. It is considered by
Dawson and Marsters' to have been poured out as a subaqueous lava
flow. In a general way, at least, it is' conformable with the sandstones
and shales on which it rests, and dips westward beneath the waters of
the bay of Fundy at an angle of about 15 degrees. Its relation to
higher stratified beds is not known, as no upper contacts have been
seen. The vesicular character of the lower part of the sheet and its
marked contrast with the compact basalt forming the npper portion
suggests the possibility that they are in reality two separate sheets,
the lower one being a contemporaneous overflow, and the upper and
intruded sheet of latendate.
. Many of the isolated trap masses in the Minas basin and elsewhere
rest on sedimentary Newark beds, and are probably remmnants of an
extensive lava sheet. The structure in this region is imperfectly under-
stood, and the possible presence of faults not fully investigated.

On the west side of the bay of Fundy, at the island of Grand Manan,
trap rock again appears, which has been referred with more or less
doubt to the Newark system.?

! Triassic traps of Nova Scotia, Am. Geol., 1890, pp. 140-145.
? Geol. Surv. of Canada, atlas sheet, No. 1, S. W, note 7.
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TRAP ROCKS OF THE CONNECTICUT VALLEY.

The trap rocks of this area havereceived greater attention than those
of any other similar area, but diversity of opinion still exists as to the
method of their occurrence. The history of the geological study of
this area has been summarized by Davis' and need not be repeated
here.

On the accompanying map (Pl. 111) the outlines of the trap out-
crops are shown as accurately as the scale of the illustration will allow.
Those in Connecticut are from Percival’s map, with some revisions by
Dayvis, and those in Massachusetts are from a manuscript map kindly
furnished by B. K. Emerson. All of the outerops indicated are edges
of trap sheets more or less conformable with the associated stratified
rocks. Trap dikes are seldom seen and are too small to appear on the
maps.

Davis’s studies have shown that by far the larger part of the trap
sheets were formed by overflows of volcanic rock during the deposition
of the Newark strata. The trap sheet in the extreme northern part of
the Newark area, near Turner’s Falls, Massachusetts, is of this nature,
and so also is the great trap sheet following Mount Holyoke and Mount
Tom and extending southward as far as Meriden, Connecticut. The
conclusion that this trap sheet was extruded at the surface and subse-
quently buried was advanced by Hitchcock during his survey of Mas-
sachusetts, and has since been sustained by Davis and Emerson.

Numerous trap ridges in the eastern part of the Newark area in Con-
necticut have also been shown by Davis to be extruded sheets, while
the intruded sheets are confined to the western border of the area south
of Massachusetts. This series begins at the south, at East Rock; a
conspicuous bluff North of New Haven appears also in West Rock and
forms the long broken ridge running northward. The same series of
intruded sheets appears to outerop again in the Barndoor hills of
Granby, on the northern border of the state.

All of the trap sheets of Connecticut were considered as of intrusive
origin by Percival, and his conclusion seems to have been accepted by
all subsequent writers until Davig’s study showed that there were
strong reasons for believing that some of the sheets were extrusive and
not intrusive. This opinion, although sustained by a large mass of the
evidence, is not accepted by all students of the subject, and more de-
tailed work evidently remains to be done before a final and generally
accepted conclusion will have been reached. The trap sheet at Tarift-
ville, Connecticut, has been shown by Rice? to be of extrusive origin.

1On the relation of the Triassic traps and sandstones of the eastern United States. Iu Mus. Comp.
Zool., Harv. Col., Bull. vol. vir, 1883, pp. 279-281.

The structure of the Triassic formation of the Connecticut va'lley, in Seventh Aun. Rep. U. S. Geol.
Sarv., 1885-86, pp. 455-490, P1. 52.

The lost volcanoes of Connecticut. Pop. Sci. Mo., vol. XL, 1891, pp. 221-235.

20n the trap and sandstone in the gorge of the Farmington river, at Lariffville, Conn. Tn Am.
Jour. Sci., 3d ser., vol. XXXi1, 1886, pp. 430-433. .
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In a review of Davis’s conclusions, Dana' refers to the uniformity in
the character of the Connecticut valley as indicating a common mode of
formation. The vesicular texture of the upper surfaces of some of the
trap sheets is reterred to an escape of vapor, but is not considered
as necessarily showing that the lavas were extruded at the surface.

In a recent paper on some of the trap ridges of southeastern Con-
necticut, by Hovey,? the conclusion is reached that all of the trap
rocks in that portion of the state—considered by Davis as extrusive—
are intrusive.

TRAP ROCKS OF THE NEW YORK-VIRGINTA AREA.

In the central and northern part of this area, as in the Connecticut
valley, trap rocks are abundant, and appear principally as sheets, con-
formable more or less thoroughly with the bedding of the associated
stratified rocks. In the southern part of the area, in Maryland and
Virginia, trap sheets are much less abundant than farther north, but
dikes increase in number. This change accompanies a decrease to-
ward the south in the thickness of the system as it now remains, and
favors the conclusion, that when the Newark rocks are deeply eroded,
trap sheets disappear and trap dikes take their place.

In New Jersey the outcropping edges of the trap sheets form bold
ridges, trending in a general way, north and south and facing eastward.
Their westerly slopes conform to the dip of the associated shales and
sandstones, and are inclined westward at angles of about 15 degrees.

The studies of Davis, and later of Darton,” have shown that the
trap sheets of New Jersey are of two classes, intrusive and extrusive.
The intrusive sheets comprise the Palisade, and what is probably its
southern extension, known as Ten Mile ran, Rocky hill, Pennington
mountain, etc., a few miles north of Trenton, and other associated ridges
in the sameregion.! The sheets forming the Watchung mountains are
extrusive and are high upin the stratified beds unless a fault along the
base of the most easterly of these ridges, believed to exist by Darton,
can be proved. If such a fault does exist, and the basal conglomerate

'Am. Jour. Sci., 3d ser., vol. XXV, pp. 474-475. The origin of the trap rocks near New Haven,
Conn., has been critically discussed by J.D. Dana, since this paper was written on some of the features
of nonvolcanic igneons ejections, or illustrated in the four * rocks™ of the New Haven region, West
Rock, Pine Rock, Mill Rock, and East Rock in Am. Jour. Sci., 3d ser., vol. XL, 1891, pp. 79-110, pl.
2-7, and “‘on Percival’s map of the Jura-Trias trap belts of central Connecticut, with observations on
the upturning, or mountain-making disturbance of the formation,” in Am. Jour. Sci., 3d ser., vol.
XLII, 1891, pp. 439-447, P1. 16. Proofs that the Holyoke and Deerfield trap sheets which are contempo-
raneous flows has been given Ben. K. Emerson in Am. Jour. Sci., 3d ser., vol. XL, 1892, pp. 146-148.

2 Am. Jour. Sci., 3d ser., vol. XXXVIII pp. 361-283, and map.

3U. 8. Geol. Sur. Bull. 67.

4 As stated by Darton, Am. Jour. Sci., 3d ser., vol. xxxvrir, 1889, p. 136, the intrusive sheets of New
Jersey comprise those forming the Palisades, Sour Land mountain, Cushetunk mountain, Round moun-
tain, and the series including Lawrence brook and Ten Mile Run mountain, Rocky hill, Pennington
wmountain, Bald Pate, and Jericho hill, and the outcrops at Point Pleasant, Snake hill, Arlington,
Martin's Dock, Neshanic, Bell mountain, Granton, and Brookville.

The extrusive sheets include all the outcrops constituting First, Second, and Third Watchung
mountain and the ridges to the westward and the ontlying outerop near New Germantown.
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appears at the surface east of Paterson, it is probable that the extrusion
of these rocks took place early in the history of the system.

The intruded sheets, although mostly near the eastern border of the
area and near the base of the sedimentary series, are not all so situated.
The trap of Cushetunk mountain is at the extreme western border and,
in part, in contact with the bordering Paleozoic rocks. The generali-

zation suggested by Dayvis, to the effect that the intruded sheets of the
Newark system are all low down in the series, while the extruded
sheets occur at higher levels, apparently can not now be applied in New
Jersey; but when the structure of the New York-Virginia area is more
thoroughly known, the hypothesis referred to may find support there
as well as in the Connecticut valley.

Of the intruded sheets the most interesting is the one formmg the
Palisades. It is about 400 feet thick in Jersey City, and, as shown by
Darton, rises northward by breaking across the bedding of the strati-
fied rocks until, at the Hook mountains, in New York, its hase is nearly
a thousand feet higher than in Jersey City, and its thickness 850 feet.
‘When followed westward to the extreme western end of the Hook
mountain, it appears that the intruded rock reached the surface and
overflowed.

Detailed observation regarding the nature and distribution of the
trap rocks of New Jersey is given in the reports of the Geological Sur-
vey of New Jersey by Darton, in his article on the great lava flows and
intruded trap sheets of the Newark system, and in Bulletin 67 of the
U. 8. Geological Survey, already referred to, and by Davis, in his paper
on the relation of the Triassic traps and sandstones of the eastern
United States.

The conclusion reached by Davis and Darton as to the extrnsive
origin of the traps of the Watchung mountains has not been accepted
by the geologists of the New Jersey Survey, who urge that all of the
- trap sheets of New Jersey are intrusive.!

In that portion of the New York-Virginia area which crosses Penn-
sylvania, trap rocks are abundant and appear both as sheets and dikes,
but little information is at hand to determine the nature of the sheets,
though they are spoken of by the geologists of the Pennsylvania Suar-
vey as extrusive. The dikes are known to be numerous, and, as already
stated, branch far out intg the surrounding crystalline and. Paleozoic
rocks. In Maryland trap sheets are absent, but dikes occur which have
been traced for many miles, principally in crystalline rocks. South of
the Potomac several dikes have been observed, and intruded trap sheets
are also present, as has recently been observed by Arthur Keith, but
sufficient observation in this region has not been made to enable one to
determine the distribution of their outcrop.

IN. J. Geol. Surv., Ann. Rep. for 1888, pp. 16-44; ibid., 1889, pp. 66-72. Frank L. Nason, On the ’
Intrusive Origin of the Watchung traps of New Jersey, in Geol. Soc. Am. Bull.,, vol. 1, pp. 562-563.
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TRAP ROCKS OF THE NEWARK AREAS SOUTH OF THE NEW YORK-VIRGINIA AREA.

Throughout the numerous areas of Virginia and North Carolina, soutb
of the New .York-Virginia area, trap dikes are abundant, but no trap
sheets have been observed. Some of the trap rocks in the Richmond
area appear to be interstratified with the coal-bearing beds, but suffi-
cient observation has not been made to prove whether these are truly
interbedded sheets or simply dikes breaking obliquely across the strata.
Dikes in the southern areas are most abundant in the easterly, but are
not entirely wanting in the westerly belt of Newark aveas. The dikes
observed are in general parallel with the strike of the rocks, and are
approximately vertical. In width they vary from a few inches to 50 or
75 feet, and have produced alterations in the texture and color of the
adjacent rocks for a few feet along the lines of contact. In many in-
stances the dikes may be followed for several miles across the country,
their courses being marked usually by black, weather-beaten bowlders,
but in no instance have they been mapped, and their number and dis-
tribution are unknown. They are indistingunishable in general appear-
ance and in lithological and chemical characteristics from the trap rocks
forming the great sheets of New Jersey and the Connecticut valley, or
from the dikes traversing the adjacent crystalline areas.

SUMMARY RESPECTING THE DISTRIBUTION AND AGE OF THE TRAP
ROCKS.

That the trap rocks traversing the Newark system in dikes and sheets
belong to the great series of dikes intersecting the Atlantic coast plain
from Nova Scotia to central Georgia seems sufficiently well estab-
lished. The trap series at the south, in common with the sedimentary
rocks they traverse, pass beneath Cretaceous and Tertiary beds, and
therefore their full extent in that direction is unknown. The eastern
border of the belt they occupy is also concealed in part beneath the
occan and, in” part, by Cretaceous and more recent deposits. On the
west the series reaches out in loug dikes across the folds of the Appa-
lachian. :

In the crystalline and Paleozoic areas deep erosion has occurred, and
only dikes now remain. The overflows of lava which probably once
existed have been entirely eroded away. 1In some portions of the New-
ark areas, however, where the trap rocks, in common with the sedi-
mentary beds, have been depressed below the base-level of erosion, trap
sheets of great thickness still remain, and in other portions, where ero-
sion has spared but little of the Newark series, trap sheets are absent,
but trap dikes are common.

There is a direct association of trap dikes with the faults of the New-
ark system, as is illustrated by the contacts in the great fault crossing
Bucks county, Pennsylvania, and in the Wadesboro area, where the
strata adjacent to the narrow dikes show diverse dips. From this coin-



RUSSELL.] : AGE OF THE TRAP ROCKS. 77

cidence and the fact that both dikes and faults are a result of fracturing
of the earth’s crust and are hence due to the action of similar forces, it
seems safe to conclude that both the dikes and faults are closely related
and were probably, in part at least, contemporaneous. There are good
reasons for believing that fanlting was common at the time the Newark
beds were being deposited, as is indicated by the great thickness of the
conglomerates along the bordesis of the areas toward which the strata
dip, but the widely extended faulting which imparts the characteristic
structure of the Newark system took place after the beds were depos-
ited.and before or during the period of erosion which preceded the depo-
sition of the next succeeding series of stratified beds. It was in this
interval, also, that the intruded trap sheets and dikes were injected
into the stratified series. This is shown by the fact that the next suc-
ceeding Potomac formation rests-on the upturned and eroded edges of
the Newark strata and on the truncated edges of the trap dikes which
traverse them. The trap dikes in the crystalline and Paleozoic areas
surrounding the Newark system do not assist in determining the age
of the intruded rocks, for the reason that these terranes are all older
than the Newark. ‘



CHAPTER VIII.

- DEFORMATION.
INTRODUCTION.

Throughout the Newark system the structure is monoclinal over broad
areas. In general the strata are inclined at angles varying from ten to
twenty degrees, but higher dips are of frequent occurrence. There is
an absence of folds such as characterize the adjacent Appalachian sys-
tem, and the strata have not been crumpled, except locally along fault
lines. Displacements trending in general in a north and south direc-
tion have been shown to exist in very many instances, and are the con-
trolling structural elements of the system. There are also o few great
faults which trend at right angles to the prevailing strike of the rocks.

The prevailing monoclinal structure was one of the first features to
be observed when the study of the system began, and many explana-
tions of its origin have been suggested. It has been explained by H.
D. Rogers' as being the position in which the strata were originally
deposited. A similar suggestion was made by J. D. Whitney, after
studying the structure of portions of the Connecticut valleyarea. The
explanation advanced by H. D. Rogers was accepted by W, B. Rogers,?
W. W. Mather,® and others, in the early days of American geology.
More recent investigations have shown that none of the various Newark
areas have a uniform structure throughout, and besides, the varied
composition of the rocks and their great thickness, as shown by direct
vertical measurements, so completely exclude all hypotheses of oblique
deposition that their discussion is unnecessary.

Neither is it desirable, in the present state of geologic knowledge, to
discuss the various suggestions that have been made with reference to
the existing Newark areas being basal remains of great anticlinal
ridges, or that they owe their monoclinal structure to the tilting of
segments of the earth’s crust many miles in width, without the forma-
tion of secondary faults.

These and other provisional hypotheses have been reviewed by Davis,*

' Descriptionl of the geology of New Jersey. Philadelphia, 1840, pp. 166-171.
2Report of Progress, Geological Survey of Virginia, for 1839. '
3Geology of New York, Albany, 1841, pp. 289-293.
40n the relations of the Triassic traps and sandstones of the Eastern United States; in Mus, Comp,
Zoology, Harvard College, Bull., vol, vIr, 1883, pp. 302-304. ‘
78
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and their failure to explain the facts observed fully demonstrated. As
the study of the Newark system has advanced and become more de-
tailed, a large number of observations have been recorded, which show
that the various fragments of the system now remaining owe their
preservation to the fact that they are below the horizon of present base-
level erosion, and occupy that position in large part by reason of depres-
sion, or the elevation of contiguous arca through faulting.

" Each area is characterized by the presence of faults of all degrees of
displacement up to many hundreds of feet, which have repeated the
outerops of individual strata. In many instances the fanlt blocks have
been tilted in the same direction, so as to be easily mistaken for a con-
tinuous monoclinal dip. Closer study in certain instances, however, has
shown that each of these supposed monoclinal areas is brokeninto many
independent blocks. '

The study of the structure of the system consists in determining what
deformations haveresulted from the faulting and tilting of horizontally
stratified beds resting unconformably on much older rocks, which are
generally metamorphosed and highly inclined: This being the direc-
tion in which recent investigation leads,let us see what evidence should
be required to demonstrate that it is in reality the structure of the sys-
tem under review. o

It has been clearly shown by Davis, in discussing the structure of
the Connecticut area, that the larger faults found in that region must
aftect the underlying crystalline rocks. My own studies have shown
that the same conclusion may be extended to other areas of the system.
Should the plane of erosion be depressed sufficiently, it is evident that
at horizons near the base of the Newark system, the upheaved edges of
fault blocks composed of crystalline rocks should appear at the surface
as narrow belts intersecting the sedimentary beds. Owing to the
greater resistance usually offered by the erystalline rocks to erosion,
such protrusions would appear as ridges, standing in relief and divid-
ing the superimposed beds. Bordering such ridges and resting on the
crystalline rocks, one should find outerops of the basal conglomerate
of the Newark system, succeeded by sandstones and shales. On mar-
gins of the Newark areas where the line of junction with the surround-
ing crystalline rocks crosses the strike of the sedimentary beds, there
should be long, narrow, finger-like extensions of crystalline rock, enter-
ing and dividing the sedimentary beds.

Another result of the deep erosion of faulted sedimentary beds rest-
ing on crystalline rocks wouald be the occurrence of narrow strips of
sedimentary beds occupying the depressed borders of fault blocks and
separated from larger areas by a ridge of the lower formation.

In the study of the various Newark areas peculiarities in outline and
in topographic form which should be expected to result from the fault-
ing and erosion of horizontally stratified beds resting on more resistant
crystalline rocks as stated above have been found abundantly devel-
oped.
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In the present chapter the available evidence in reference to the
structure of the various Newark areas will be briefly summarized and
the conclusion to which it points indicated. After ascertaining what
the structure of the system is, the attempts that have been made to
explain its origin will be considered,

SERUCLURE OF THE ACADIAN AREA,

For our knowledge ot the structure of the Newark rocks of Nova
Scotia we are indebted almost entirely to the writings of Dawson.!
The general dip of the rocks along the eastern border of the bay of
Fundy is northwest at an angle of about 15 degrees. On the New
Brunswick shore there are several isolated areas belonging to the same
system which dip northeastward at angles varying from 25 to 35 de-
grees. These inclinations have led to the conclusion that the Acadian
area hasu synclinal structure. That such is the case, however, cannotbe
accepted as a tinal conclusion, for the reason that afaulting and tilting
of the strata would account equally well for the observed dips. In the
castern part of the Acadian area, about the Minas Basin and Cobequid
bay, the strata are much disturbed and dip toward all points of the
compass, and at all angles from near horizontality up to 50 degrees or
more. Some faults have been recognized in this region, but a charac-
teristic fault structure, although indicated, has not been demonstrated.
The structure is, however, certainly distinct from the great synclinal
suggested by the opposite dips on the east and west shores of the bay
of Fundy, and so far as recorded observations indicate falls in line
with the prevailing fault structure characteristic of the more southern
areas of the same system.

The presence of two ridges of trap at Digby, neck, in the southern
portion of the Newark area bordering the bay of Fundy on the east,
can apparently be explained by a fault, as can also the presence of par-
allel submerged ridges in the adjacent portion of the bay of Fundy.
Further field study is necessary, however, before the structure of this
area can be considered as definitely determined; but the recorded evi-
_ dence, supplemented by observations made during a brief reconnais-
sance by the present writer, certainly favors the hypothesis that the atti-
tude of the Newark system in Nova Scotia has resulted from the tilting
of faulted blocks. '
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