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LETTER OF TRANSMITTAL.

DEPARTMENT OF THE INTERIOR,
UNITED STATES GEOLOGICAL SURVEY,
: ) Baltimore, Md., February 20, 1896.
Sir: I have the honor to transmit herewith the mwanuscript of a
report upon the Eocene deposits of the Middle Atlantic Slope in
Delaware, Maryland, and Virginia, which has been prepared at your
request. It is presented with a view to its publication as a bulletin.
Respectfully, yours,
: WiLLiAM BULLOCK CLARK.
Hon. CHARLES D, WALCOTT,
Director United States Geological Survey.






PREFACE.

Our knowledge of the Tertiary geology and paleontology of the
Middle Atlantic Slope has been largely increased since the days of
Conrad and Rogers, yet few fields afford better opportunities for con-
tinued observation, and in none is there greater need of a careful
revision of results. Very divergent opinions have prevailed and
to-day find expression in the different interpretations of the data.

Both the Eocene and the Neocene divisions of the Tertiary in this
area have broad surface exposures and are represented by character-
istic sections along the leading waterways. Both are also highly fos-
siliferous, although the Miocene shows a greater diversity of forms
than does the Eocene. The difference, however, is not so great as one
would infer from a perusal of the literature, since a large number of
Iocene species, many of them very common, have been unrecognized,
or at least unrecorded.

It is the object of the present report to crltlcally review the charac-
teristies of the Eocene of the Middle Atlantic Slope as represented in
the States of Delaware, Maryland, and Virginia. Extensive collec-
tions of material were made preparatory to-this work, and all the
leading fossiliferous localities from central Delaware to the valley of
the James River in southern Virginia were visited. The greater
amount of material was, however, obtained from the bluffs along the
banks of the Potomac River, which afford the finest section of the
FKocene in the Middle Atlantic Slope. In general the fossils of this
region are difficult of removal, as they readily crumble at the touch, so
that some process of hardening must be employed to permanently
preserve them. 'To this fact more than to any other cause has been
dne the small size of the collections of Eocene specimens found in the
various museums of the country as compared with the collections of
Neocene forms from the same area. Outside of the collections of the
United States National Museum, the Academy of Natural Sciences of
I’hiladelphia, and the Johns Hopking University very few specimens
are found, and the forms figured and described in this report have
come, with scarcely an exception, from the museams of these institu-
tions. The collection of the Academy of Natural Sciences of Phila-
delphia contains several of Dr. Conrad’s types, which have been most

important in definitely determining the species hitherto described.
11
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The writer desires to express his thanks to Prof. E, D. Cope, of the
University of Pennsylvania, for many important suggestions regarding
the Vertebrata; to Dr. W, H. Dall, of the United States Geological Sur-
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and offered much valuable advice; to Mr. T. Wayland Vaughan, of the
United States Geological Survey, who has prepared the chapter relat-
ing to the Corals; and to Dr. R. M. Bagg, who is chiefly responsible for
the division upon Foraminifera. The accuracy of the determinations
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THE EOCENE DEPOSITS OF THE MIDDLE
ATLANTIC SLOPE.

By WiLLiAM BULLOCK CLARK.

INTRODUCTION.

Much interest has been manifested in the Coastal Plain geology and
paleontology of the Middle Atlantic Slope since the very beginning of
geological investigation in this country. Many of the most potent
illustrations of the older geologists were drawn from this region, and
although the relations of the deposits were not altogether compre-
hended, yet the recorded observations show an appreciation of many
of the more Qifficult problems involved. Later, as the complicated
geological history of the Coastal Plain became better known, it was
recognized that, if a full understanding of any single formation was to
be gained, it was necessary to carefully study not only its lithological
and paleontological characteristics but also its relationship to the
other members of the series. It was seen that only by an understand-
ing of the broad conditions affecting the whole district could the strata
of any one formation be properly interpreted. Recognizing this fact,
the writer presents in the later pages a brief discussion of the general
relations of the strata composing the Coastal Plain in the Middle
Atlantic Slope.

‘When we come to consider that assemblage of deposits early sepa-
rated as the Tertiary, we find that it is divisible into scveral distinet
formations. Even at a relatively early date an older and a younger
Tertiary were already established, the former being correlated with the
Eocene of ingland and the Furopean continent. Attempts were made
then and later to tind its exact equivalent in one or another of the
already established local formations of the Inglish or continental
series, but with very unsatisfactory results.

After the American Eocene strata had received detailed examination
in the various sections of the country and local divisions had been
established, attempts were made from time to time to determine their
equivalency. By common consent the diversified and extensive depos-
its of the Gulf area came to be regarded as the type for the eastern

18
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border region, and the various Eocene deposits of the Atlantic Coast
States were assigned to positions in this series. Some authors, recog-
nizing the presence of a few identical species, have referred the strata
now under consideration to a single minor division in the scale, while
others have regarded the Maryland-Virginia deposits as representinga
larger portion of the Gulf series. After a careful consideration of both
the paleontological and the geological (hta, the writer deems the latter
conclusion the only tenable one.

In this field attention has been devoted in the past too exclusively to
supposed faunal similarities, upon the most insufficient knowledge of
the forms, and too little to the character of the sedimentation. Impor-
tant as the former are when the fauna has been fully investigated, and
the writer would be far from disparaging thatimportance, yet the widely -
different physical conditions surrounding the accumunlation of the depos-
its in the two areas must at the same time be regarded. Change in a
fauna is not to be measured by the time standard alone, but also by the
conditions of life, whether constant or variable, to which the forms may
be subjected. Persistent conditions must of necessity have less effect
than those which are changing. A satisfactory correlation of the strata
in districts so widely separated as the Middle Atlantic Coastal Plain
and the Gulf region can be attained only by a proper appreciation of
the bearing of this factor upon faunal development. ‘

In the Middle Atlantic Slope the very homogeneous nature of the
Eocene deposits is a characteristic feature, indicating that throughout
the period of deposition the conditions were undisturbed by important
physical changes. The fact that the deposits are made up largely of
secondary material shows in a general way that the accumulation took
place near a coast reached by few large sediment-bearing rivers, and
that at the same time the place of deposition was sufficiently removed
from the coast line to be unaffected by shore conditions. In the Gulf
region, on the other hand, deposition was more rapid, since a great
quantity of detrital material was brought to the sea by the large
streams draining the interior of the continent. The bearing of these
different physical conditions upon the interpretation of the two areas
and the correlation of their deposits will be fully considered in the body
of the report.

.The materials of the Eocene of the Middle Atlantic Slopé, which are
so largely glauconitic, are of no little interest in themselves outside of
their bearing upon the question of correlation, since few areas afford
such extensive deposits of greensand. On that account alone they
deserve special consideration, and a chapter will be devoted to this
phase of the subject.

The description of new species of fossils is of little scientific impor-
tance to the geologist unless the object is something other than the
mere multiplication of new forms, which has too often been the case in
such investigations. When, however, the work has in view the fullest
possible representation of a fauna or the clearing up of doubtful points
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in the synonymy of already described species, as well as a more com-
plete knowledge of their geological and geographical ranges, it be-
comes of the very greatest value, since one whole class of important
criteria for the interpretation of the strata is thus made accessible.
The present report includes the results of such an exhaustive study
of the fauna of the IBocene of the Middle Atlantic Slope, together
with a critical review of the species described by previous authors
as well as the deseription of a large number of new forms, It is
believed that a much more accurate idea of the faunal characteristics,
as well as of the physical conditions prevailing during the Focene
period on the Middle Atlantic Coast, will result from the methods pur-
sued in this investigation. Certainly the data for the comparison of the
fauna with those of other areas will be greatly augmented. The greater
portion of the report will be devoted to this phase of the subject.

BIBLIOGRAPIY.

BoorH, J. C. Memoir of the Geological Survey of the State of Dela-
ware, including the application of the geological observations
to agriculture. Dover, 1841, 80, XI and 188 pp.

The author gives a description of the Upper Secondary and Tertiary for-
mations, hut does not distingnish the Eocene.

CLARK, WILLIAM B. Ou three geological excursions made during the
months of October and November, 1887, into the southern
counties of Maryland. Johns Hopkins University Circulars,
Vol. VII, 1888, pp. 65-67.

Reference is made in this article to the Ilocene of Upper Marlboro and
Port Tobacco, Md.
——— Third annunal geological expedition into southern Maryland and
Virginia. Ibid., Vol. IX, 1890, pp. 69-71.
The author deseribes the Locenoe scction of the Potoniac River valley in
Maryland and Virginia.
Report of the scientific expedition into sonthern Maryland. Ibid.,
Vol. X, 1891, pp. 105-109.
Much the same areas are described in this report as in the preceding
paper.

—— Correlation Papers—Eocene—United States Geological Survey
Bulletin No. 83, 1891, pp. 43-4S, 80, 81, 85-87,

The aunthor gives o digest of tho literature of the Locene of the Middlo
Atlantic Slope, as well as a description of tho deposits. Correlation is
made with the lower and middle divisions of the Gulf series,

—— Outline of the geology and physical features of Maryland. The
Eocene. (Extract from the World’s IFair Book on Maryland.)
Baltimore, 1893, pp. 53-56. "

In this report the anthor gives a description of the Eocene of Maryland.

—— The climatology and physical features of Maryland. First Bien-
nial Report Maryland State Weather Service, 1894, pp. 38-39.

Description of the same area as in the preceding report.
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CLARK, WiLLIAM B. Contributions to the Eocene fauna of the Middle
Atlantic Slope. Johns Hopkins University Circulars, Vol.
XV, 1895, pp. 3-6. ’ :
This article contains a list and discussion of the entire Eocene fauna of-
Maryland and Virginia, with the description of 32 new species. The part
upon Corals is prepared by Vaughan, that upon Foraminifera by Bagg.
—— The Potomac River section of the Middle Atlantic Slope Eocene.
Am. Jour. Sci., fourth series, Vol. I, 1896, pp. 365-371.

CLEVELAND, PARKER. An elementary treatise on mineralogy and geol-
ogy. Remarks on the geology of the United States explana-
tory of the subjoined geological map, 1822, 785 pp.

The author defines the limits of the ‘“alluvial deposits” and in general
terms describes their lithological character.

‘CONRAD, T. A. On the geology and organic remains of a part of the
peninsula of Maryland. Jour. Acad. Nat, Sci., Philadelphia,
Vol. VI, 1830, pp. 205-2117.

Reference is made to the deposits of I'ort Washington and Piscataway,
Md., and correlation proposed with London Clay of England. The paper
also contains original descriptions of Monodonta glandula, Turritella mor-
toni, Cucullwa gigantea, and Crassatella alwformis from this region.

—— Fossil shells of the Tertiary formations of North America, 1832-
1835, 56 pp. (including republication No. 3), 20 pls.

The author regards the deposits in the vicinity of Fort Washington,
Md., as “Middle Tertiary,” and correlates them with the London Clay,
Calcaire grossier, and Claiborne beds. He also describes Cardita plani-
costa and Turritella mortoni from Piscataway, Md.

—— Observations on the Tertiary and more recent formations of a por-
tion of the Southern States. Jour. Acad. Nat. Sei., Philadel-
phia, Vol. VII, 1834, pp. 116-129. _

Mention is made of the deposits of Fort Washington, Md., which are con-
sidered younger than the strata at Claiborne, Ala., perhaps Miocene in age.

—— Observations on a portion of the-Atlantic Tertiary region. Trans.
Pennsylvania Geol. Soc., Vol. I, 1835, pp. 335-341, pl. 13.
The deposits at Upper Marlboro and Piscataway, Md., and City Point,

Va., are considered, and Panopwa elongata and Turritella humerosa from
Piscatway described.

—— On the Silurian system, with a table of the strata and character-
istic fossils. Observations on the Plastic Clay. Am. Jour.
Sci., Vol. XXXVIII, 1840, pp. 91-92.

The author discusses the relations of the Plastic Clay to the fossilifer-
ous deposits at Piscataway, Md., which it is regarded in some instances
to overlie,

—— Observations on a portion of the Atlantic Tertiary region, with a
description of new species of organic remains. Proc. Nat. Inst.
Prom. Sei., second bulletin, 1842, pp. 171-194.

The deposits of Upper Marlboro, Piscataway, and TFort Washington,
Mad., are referred to the Kocene or Lower Tertiary, and at the same time
corrclated with the London Clay, Caleaire grossier, Claiborne beds, ete.
The author also describes Ostrea sellaformis from City Point, Va., and
Pholadomya marylandice and Pholas petrosa from Piscataway, Md.
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ConrAD, T. A. Observations on the Eocene formation of the United
States, with descriptions of species of shells, etc., occurring in
it. Am. Jour. Sci., second series, Vol. I, 1846, pp. 209-220, 395
405, pls. 14, :

The article contains descriptions of Pholas petrosa, Pholadomya mary-
landica, Panopea elongata, and Crassatella aleformis from Piscataway, and
Crassatella palmula from Upper Marlboro, Md.

—— Observations on the Eocene formation and descriptions of 105 new
fossils of that period from the vicinity of Vicksburg, Miss.
Appendix: Descriptions of new Eocene fossils in the cabinet of
Lardner Vanuxem. Jour. Acad. Nat. Sci., Phlladelphla, second
series, Vol. I, 1848, pp. 128-134, pl. 14.

The author considers the Maryland and Virginia deposits as ‘‘ Lower or
older Eocene” and correlates them with the ¢ fossiliferous sand of Clai-
borne and St. Stephens, Ala.,” etc., chiefly from the presence of 0. selle-

Sformis. He also describes Cytherea subzmpresaa, C. lenis, C. liciata, C. eversa,
and Nucula improcera from Hanover County, Va.; Cytherea pyga from Staf-

ford County, Va., and Nucula parilis from Upper Marlboro, Md.
—— Notes on shells, with descriptions of new fossil genera and species.
Proc. Acad. Nat. Sci.,, Philadelphia, Vol. XVI, 1864, pp. 211-
- 214, with figures,
Descriptions are given in this article of Profocardia virginiana from
Pamunkey River, Va., and Dosiniopsis meekii from ‘6 miles east of Wash-
ington, D. C.”
—— Catalogue of the Eocene and Oligocene Testacea of the United
States. Am. Jour. Conch., Vol. I, 1865, pp. 1-35.
Among other forms the catalogue contains a list of the Eocene species
of the Middle Atlantic Slope.
—— Descriptions of new Eocene shells and references, with figures,
to published species. Ibid., pp. 210-212, pls, 20, 21.
The author describes Lunatia marylandica, but gives no locahty
—— Check list of the invertebrate fossils of North America (Eocene .
and Oligocene). Smithsonian Misc. Coll., Vol. VII, 1866, art. 6,
pp. 1-41. :
The Eocene species from the Middle Atlantic Slope are 1ncluded in this
list.
—— Descriptions and illustrations of genera of shells. Proc. Acad.
Nat. Sci., Philadelphia, 1872, pp. 50-55.
The author describes Latiarca idonea, but gives no locality.
DaNA, JAMES D. Manual of Geology (fourth edition), 1895, p. 888.
Brief reference is made to the geology of the Middle Atlantic Slope. ‘J
DarToN, N. H. Mesozoic and Cenozoic formations of eastern Virginia
and Maryland. Bull. Am, Geol. Soc., Vol. II, 1891, pl. 10, pp.
431-450.
The author gives a description of the Eocene deposits of Maryland and
Virginia, and designates them the ‘‘ Pamunkey formation.”
—— Outline of Cenozoic history of a portion of the Middle Atlantic
Slope. Jour. of Geol., Vol. IT, 1894, pp. 568-587.
The physical history during the Eocene period is briefly referred to, and
the relationship of the deposits to earlier and later formations is stated.

Bull. 141 2
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DarTON; N."H. Artesian-well prospects in eastern Virginia, Maryland,
and Delaware. Trans. Am. Inst. Min. Eng., 1894, pp. 1-26.
The lithological character of the strata is discussed and several deep
borings are described.
DvucaTEL, J.'T. Annual reports of the -geologist of Maryland from
1833 to 1841. Aunnapolis, 8°.
Only brief references to Eocene dep051ts, and those chiefly of an eco-
nomic nature, are found seattered throungh the reports.
FiINcH, JoHN. Geological essay on the Tertiary formations in America.
Am. Jour. Sci,, Vol, VII, 1824, pp. 31-43.
This article contains the first attewmpt at a differentiation of the ‘“alluvial
formation’ of the Coastal Plain. The Tertiary is recognized.
~ FONTAINE, W. M. Notes on the Mesozoic strata of Virginia. Am.
Jour. Sei., thifd series, Yol. XVII, 1879, pp. 25-39, 151-157,
T 229-239.
The relations of the Eocene to Mesozoic strata are indicated.
—— The artesian well at Fort Monroe, Va. The Virginias, Vol. III,
1882, pp. 18-19.
Thé Tertiary is regarded as ha.vmg a thxckness of 800 feet.
HARRIS, GILBERT D. On the geological position of the Rocene
deposits of Maryland and Virginia. Am. Jour. Sci., third
series, Vol. XLVII, 1894, pp. 301-304.
The Eocene deposits of the Middle Atlantic Slope are correlated by the
author with the Bell’s Landing substage of the Lignitic of the Gulf.
HAYDEN, H. H. Geological essay, or an inquiry into some of the
geological phenomena to be found in various parts of America
and elsewhere. Baltimore, 1820, 8°, viii, 412 pp.
The general features of the ‘‘alluvial formation” of the Coastal Plain
are described in this volume.
HEILPRIN, A. A comparison of the Eocene Mollusca of the south-
' eastern United States and western Europe in relation to the
determination of identical forms. Proc. Acad. Nat. Sci., Phila-
delphia, Vol. XXXI, 1879, pp. 217-225.
Seweral forms known to occur in Maryland and Virginia are compared
in this atticle with European species.
—— On the stratigraphical evidence afforded by the Tertiary fossils of
the peninsula of Maryland. Proc. Acad. Nat. Sci., Philadel-
phia, Vol. XXXII, 1880, pp. 20-33.

The author calls a.ttennon to the few Eocene fossils in the Maryland
_strata, and the marked difference between the Locene and Miocene
faunas,

—— Note on the approxnna,te posmon of the Eocene deposits of Mary-
‘land. Ibid., Vol. XXXIII, 1881, pp. 444-447.
The Maryland Eocene is regarded as ‘““nearly equal to that of the Thanet
sands of England and the Bracheux sand of the Paris Basin, or of the
English Bognor rock (London Clay).” It is also correlated with deposits
near the base of the ‘‘ Buhrstone” or poseubly even the ‘‘Eolignitic” of
the Gulf. ’
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HEILPRIN, A. On some new species of Tlocene Mollusca from fhe south-
ern United States. TU. S..Nat. Mus. Proc., Vol. III, 1886, pp..
149-152 and plate.

This article contains a description of Crassatella declivis.

—— Contributions to the RBertiary geology and paleontology of the
United States. Philadelpbia, 1884, 40, 117 pp. and map.
In this volume the author gives a full discussion of the Eocene deposits
of Delaware, Maryland, and Virginia.
HrinricH, O. J. The Mesozoic formation in Virginia. Trans. Am.’
Inst. Min. Engs., Vol. VI, 1878, pp. 227-274.

The relations of the Eocene to Mesozoie strata are indicated.

HicGinNs, JAMES. Reports of the State agricnltural chemist of Mary-
land for 1850, 1852, 1853, 1854, 1856, and 1858.
These reports contain brief references to the Eocene deposits, although
chiefly of an economic character:

Horcmxkiss, JED. Virginia: a geographical and political summary,
embracing a description of the State, its geology, soils, min-
erals, climate, etc. Richmond, 1876, 8°, pp. iv, 319, and 4
maps. '

The book contains a description of the Eocene deposits of Virginia,

based largely upon the earlier observations of Rogers.

KLy, PETER. En Resa til Norra America. Stockholm,1753-1761, 80,
3 vols., with English, German, and French trauslations.

This work contains the é:u'liqst recorded observations upon the geology
of the Coastal Plain.

Lra, HENrRY C. Catalogue of the Tertiary Testacea of the United
States. Proc. Acad. Nat. Sei., Philadelphia, Vol. IV, 1848,
pp. 95-107. . :

The author includes in his list the names of the Eocene fossils from the
Middle Atlantic Slope.

LEA, Isasc. Contributions to geology. Philadelphia, 1833, 89, 227 pp.
and 6 plates. :

The Fort Washington, Md., deposits are correlated by the author with
those of Claiborne, Ala., and a description is given of many forms from
the latter locality, some of which have since been found in Maryland.

LygvLL, CHARLES. On the Tertiary formations and -their connection
with the chalk in Virginia and other parts of the United States.
Proc, Geol. Soc., London, Vol. IIL, 1842, pp. 735-742.

The article contains a description of the James River Eocene deposits,
and the importance of Venericardia planicosta as a type fossil is discussed.

—— On the Miocene Tertiary strata of Maryland, Virginia, and North
and South Carolina. Proc. Geol, Soc., London, Vol. IV, 1845,
Pp. 547-563; Quart. Jour. Geol. Soc., London, Vol, I, 1845, pp.
413-429, .

The author refers to the Eocene in several of the sections that are
given.
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Lyery, CHARLES. Observations on the white limestone and other
Eocene or older Tertiary formations of Virginia, South Caro-
lina, and Georgia. Proec. Geol. Soc., London, Vol. IV, 1845,
pp. 563-576; Quart. Jour. Geol. Soc., London, Vol. I, 1845, pp.
429-442,

The author gives a description of the Eocene of the James River, as well
as of Richmond and Petersburg, Va. The occurrence of Venericardia plani-
cosla and of a form similar to Ostrea bellovacina of Europe is mentioned.

MACLURE, W. Observations on the geology of the United States,
explanatory of a geological map. Trans. Am. Philos. Soc.,
Vol. VI, 1809, pp. 411-428.

—— Observations on the geology of the United States of North Amer-
ica, etc. Ibid., new series, Vol. I, 1817, pp. 1-92.

—— Observations on the geology of the United States of America.
Philadelphia, 1817, 80, 130 pp.

In the publications of Maclure the entire Coastal Plain is referred to the
‘“alluvial formation.” A translation of the first article above mentioned
appeared in the Journal de Physique, Vol. LXIX, 1809, pp. 204-213, and
Vol. LXXII, 1811, pp. 137-165, and of the second article in Leonard’s
Zeitschrift, Band. I, 1826, pp. 124-138.

Mavury, M. F. Physical survey of Virginia. Richmond, I, 1868, 8°,

' . 90 pp.; 1I, 1878, 8°, 142 pp.

This publication contains several references to the stratigraphical rela-
tions of the Eocene.

MCGEE ‘W. J. Three formations of the Middle Atlantic Slope. Am.
Jour. Sci., third series, Vol. XXXV, 1888, pp. 120-143, 328-330,
367-388, 448—466

The a,uthor discusses the general features of Coastal Plain stratigraphy
and refers to the contact of the Eocene and Potomac in Virginia.

—— Map of the United States exhibiting the present status of knowl-
edge relating to the areal distribution of geologic groups. Fifth
Ann. Rept. U. 8. Geol. Survey, 1885, pp. 36-38, map as PL II.

This map, compiled from various sources, shows on a small scale the dis-

tribution of the Eocene deposits upon the Middle Atlantic Slope.

—— The Lafayette formation. Twelfth Ann; Rept. U. S. Geol. Survey,
1892, pD. 347-521,- Pls, XXXII-XLI.

The Eocene depos1ts of the Middle Atlantic Slope are described and the
physical history of the formation is pointed out.

MiLLER, S. A. North American Mesozoic and Cenozoic geology: and
paleontology. Cincinnati, 1881, 8°, 338 pp.

Brief general statements regardmg the Eocene deposits of the Middle
Atlantic Slope are made by the author. »

MoRTON, S. G. Geological observations on the Secondary, Tertiary, and
Alluvial formations of the Atlantic Coast of the United States
of America. Arranged from the notes of Lardner Vanuxem.
Jour. Acad. Nat. Sci., Philadelphia, Vol. VI, 1829, pp. 59-71.

The attempt is made by the author, in a general way, to more accurately
delimit the several formations of the Atlantic Coastal Plain, although at
that time the Ilocene was not differentiated.
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MorToN, 8. G. Synopsis of the organic remains of the Cretaceous.
group of the United States. Appendix: Catalogue of the fossil
shells of the Tertiary formations of the United States. Phila-
delphia, 8°, 1834, 8 pp.

The author gives in his catalogue the Atlantic Tertiary forms which had
-been up to that time described.

MurcHISON, R. I. Secondary and Tertiary rocks and superficial deposits
of North America. Proc. Geol. Soc. London, Vol. IV, 1843, pp.
127-133.

The author reviews the results of Lyell’s investigations upon the Ter-
tiary strata of America, adding his own interpretation of somo points.

PIEROE, J. Practical remarks on the shell-marl region of the eastern
parts of Virginia and Maryland, and upon the bituminous coal
formation in Virginia and the contiguous reglon. Am. Jour.
Sci,, Vol II, 1826, pp. 54-59.

Reference is made to the localities at Upper Marlboro, Md., and Poto-
mac Creek, Va.

RocERs, W. B. On the discovery of greensand in the calcareous
deposits of eastern Virginia, and on the probable existence of
this substance in extensive beds near the western limits of our
ordinary marl. TFarmer’s Register, Vol. II, 1834. Reprinted
in the Geology of the Virginias, 1884, pp. 3-9.

The author refers in a general way to the greensand deposits of eastern
Virginia, which he compares with similar beds in New Jersey.

——— Further observations on the greensand and calcareous marl of

‘ Virginia. Farmer’s Register, May, 1835. Reprinted in Geol-
ogy of the Virginias, 1884, pp. 11-20.

In this publication the author makes the first announcement of the

. oceurrence of the Eocene in Virginia,

—— Report of the geological reconnoissance of the State of Virginia,
made under the appointment of the Board of Public Works,
1835. Richmond, 1836, 4°, 52 pp. and plate. Reprinted, Phil-,
adelphia, 1836, 80 143 pp. and plate, and in Geology of the
Virginias, 1884, pp. 21-122,

This report contains a general statement regarding the ¢ Eocene Marl
District” of eastern Virginia, with a description of the lithologic charac-
ter of the strata in the different.river valleys.

—— Report of the progress of the geological survey of the State of
Virginia for 1836. Richmond, 1837, 4°, 14 pp. Reprinted,
Philadelphia, 1838, 89, and in Geology of the Virginias, 1884,
pp. 123-145.

The Eocene deposits of the peninsula between the Potomac and Rappa-
hannock rivers are described by the author.

—— Report of the progress of the geological survey of the State of
Virginia for 1837. Richmond, 1838, 49, 24 pp. Reprinted,
Philadelphia, 1838, 89, and in Geology of the Virginias, 1884,
pp. 147-188.

Brief mention is made of the Eocene deposits on the James River.
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RoGERS, W. B. Report of the progress of the geological survey of the
State of Virginia for 1839. Richmond, 1840, 80, 161 pp. Re-
printed in Geology of the Virginias, 1854, pp. 245-410. ‘

In this report the author describes in much detall the ¢ Tertiary Marl
region south of the James River.”

—— Report of the progress of the geological survey of the State of
Virginia for 1840. Richmond, 1841, 89,132 pp. Reprinted in
Geology of the Virginias, 1884, pp. 411-535.

This report contains a description of the ‘‘ Tertiary Marl region between
the Potomac and the Rappahannock rivers,” and also of the Tertiary
beds in the vicinity of Richmond.”

—— Infusorial deposit of Virginia in the Fort Monroe artesian well,
The Virginias, Vol. ITT, 1882, pp. 151-152. Reprinted in Geol-
ogy of the Virginias, 1884, pp. 733-736.

The character of the Eocene strata penetrated in the well-boring is
given at various depths.

RoGERS, W. B. and H. D. Contributions to the geology of the Tertiary

formations of Virginia. Trans. Am. Phil. Soc., new series,

Vol. V, 1837, pp. 319-341; Vol. VI, 1839, pp. 347-370, 371-

3171, pls. 26-30. Reprmted in Geology of the Virginias, 1884,

pp. 659-673, Pls. I-V.,

The authors describe Nucula culielliformis, N. parva, and Cytherca ovata
from Coggins Point, James River, Ostrea sinuosa from Evergreen, James
River, Cucullea transversa and Venericardia ascia from King George
County, Cucullea onochela and Crassatella capri-cranium from the penin-
sula between the Potomac and Rappahannock rivers, and Cytherea lenticu-
laris from ¢‘ eastern Virginia.”

—— The same (abstract). Proc. Am. Philos. Soc., Vol. I, 1839, pp. 88-90.

RurriN, EDMUND. ﬁescription of a nut found in Eocene marl. Am,.
Jour. Sci., second series, Vol. IX, 1850, pp. 127-129,
The author describes a nut found in the Eocene marl of the Pamunkey
_ River, Virginia.
SAY, THOMAS. An account of some of the fossil shells of Maryland.
Jour. Acad. Nat. Sci., Philadelphia, Vol. IV, 1828, pp. 124-155,
pls. 7-13.
~ In this article Ostrea compressirostra is described, but no locality is
given.
ScHOPF, J. D. Beytriige zur mineralogischen Kenntniss des éstlichen
Theils von Nordamerica und seiner Gebiirge. Erlangen, 8°,
-1787, 194 pp.
The author gives the result of his observations in the eastern United
States, referring to some of the more striking features of the Atlantic
Coastal Plain.
TUOMEY, M. Discovery of a chambered univalve fossil in the Eocene
‘Tertiary of James River, Virginia. Am. Jour. Seci., Vol.
~ XLIIJ, 1842, p. 187.
This article contains some conclusions of the author regarding the
stratigraphy of the Eocene, based on a section exposed in a shaft sunk at
Evergreen on the James River.
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TysoN, ParLip T. First report of Philip T. Tyson, State agricultural
chemist, to the house of delegates of Maryland, January, 1860.
Annapolis, 1860, 8°, X1, 145, and 20 pp. and one map.

The author describes the Tertiary formations collectively, stating that
the work has not progressed far enough to separate the different divisions,
althongh he refers to the Eocene greensand marl.

—— New topographical atlas of the State of Maryland, etc. 1873.

This work contains a general statement regarding the geology of Mary-
land, including a description of the Eocene.

UHLER, P. R. Observations on the Eocene Tertiary and its Cretaceous
associates in the State of Maryland. Trans. Maryland Acad.
Sei., Vol. I, 1888, pp. 10-32. '

— Additions to observations on the Cretaceous and Eocene forma-
tions of Maryland. Trans. Maryland Acad. Sei., Vol. I, 1889~

. 1890, pp. 45-72. ’

—— Notes and illustrations to “ Observations on the Cretaceous and
Eocene formations of Maryland.” Trans. Maryland Acad. Sei.,
Vol. I, 1890, pp. 97-104.

The above articles contain an extensive description of the Eocene and a
discussion of its relations to the Cretaceous.

VAN RENSSELAER, J, Lectures on geology, New York, 8°, 1825, 350 pp.

The author accepts the conclusions of Finch regarding the so-called
“ Alluvial formation,” and describes bricfly the Tertiary formations of the
Northern Atlantic Coastal Plain,

WiLrLiaMs, G. H. A preliminary geological map of Maryland. (In
‘World’s Fair Book of Maryland.) Baltimore, 1892,

The general limits of the Eocene are given by the author, mainly upon
data furnished by N, H. Darton.

GEOLOGICAL FEATURES.
HISTORICAL REVIEW.

On account of its extensive waterways and the ready access thereby
gained, the Atlantic Coastal Plain was early visited for purposes of geo-
logical investigation. At first the observations were of the most gen-
eral character, no attempt being made to differentiate the deposits or
even to correlate the strata as a whole with those of other districts.

Among the earliest investigators of the region was Prof. Peter Kalin,
who was sent out in 1749 under the auspices of the Swedish Royal
Academy of Sciences to make a study of the various branches of nat-
ural history in America, and who spent considerable time in a study of
the northern Coastal Plain.

He was followed in 1777 by Dr. Johann David Schopf, of Germany,
who visited America in order to study the geological features of the
eastern portion of the continent. The importance of his observations,
which mark considerable advance over those of Kalm, has not been very
generally recognized by later writers, but he showed a remarkably keen
insight into the geology of eastern North America, which was lacking
on the part of some of his successors.
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The first attempt to correlate the deposits of the eastern United

States with the geological column then established in Europe was made
by William Maclure, in 1809, in his Observations upon the Geology of
the United States. In this publication the coastal deposits of the Mid-
dle Atlantic Slope are collectively referred to the ‘“Alluvial formation,”
the fourth of the main divisions of geological strata proposed by Wer-
ner. The work was subsequently revised and enlarged, appearing in
book form in 1817.
- In 1820 H. H. Hayden, of ‘Baltimore, published a volume of Geolog-
ical Essays, in which he attempted to explain the great accumulation
of “alluvial deposits” in the Atlantic Coastal Plain. In this volume
the stratigraphy of the region is described in much greater detail than
by his predecessors, and reference is made to the wide distribution of
fossil shells and vertebrate remains, many localities being cited.

A volume of the same character, so far as it relates to the geology, was
published in 1822 by Parker Cleveland, entitled An Elementary Treatise
on Mineralogy and Geology, in which, on page 785, under remarks on
the “ Geology of the United States explanatory of the subjoined geolog-

-ical map,” the limits and the lithological character of the ¢ alluvial
deposits ”are described in general terms.

By far the most important contribution to the stratigraphy of the
Atlantic Coastal Plain that had up to that time appeared was made by
Prof. John Finch, in a “Geological essay on the Tertiary formations in
America,” in the American Journal of Science and Arts for 1824. This
was the first attempt at a division of the deposits of the Coastal Plain
and their correlation upon scientific grounds; and although thus early
in the history of the subject detailed comparisons (which are always
unsatisfactory) were made, yet the knowledge of the formations was
materially advanced. The author says:

~ InAmerica an immense tract of country, extending from Long Island to the Sea of
Mexico, and from 30 to 200 miles in width, is called an alluvial formation. From an
examination of fossils brought from that quarter of the United States, from a per-
sonal inspection of some of its strata, and the perusal of most of the publications
which bear a reference to it, I wish to suggest that what is termed the alluvial for-
mation in the geological maps of Messrs. Maclure and Cleveland is identical and
contemporaneous with the newer Secondary and Tertiary formations of France,
England, Spain, Germany, Italy, Hungary, Poland, Iceland, Egypt, and Hindostan.

The deposits of various portions of the Middle Atlantic Slope are
considered in greater or less detail, and correlations with the strata of
other portions of the Coastal Plain and with Europe are attempted.
The author states in short that—

Many more instances might be advanced to establish the 1dent1ty of what has been
called the alluvial district in America with the Tertiary formation of England and
the continent of Europe. The fossil shells from the various beds would not, per-
haps, be exactly like those of Europe, but a sufficient number would be found so to
establish their relation and order of succession.

During the year 1825 Jer. Van Rensselaer delivered in the New York
Athen®um a course of geological lectures that were subsequently

\
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published in book form. The author adopted the classification pro-
posed by Finch, confining his descriptions, however, more particularly
to the formations of the northern Coastal Plain,

The American Journal of Science for 1826 contains a communication
by James Pierce ‘On the shell-marl region of the eastern parts of
Virginia and Maryland,” in which reference is made to the sections on
the James and Potomac rivers and to the ¢“shell rock” at Upper
Marlboro, Md.

A few years later (1828) Prof. Lardner Vanuxem, through his friend,
Dr. S. G. Morton, presented the criteria for a more complete and
definite recognition of the several members of the coastal series, and
described both the Cretaceous and Tertiary formations. In this article
an attempt is mnade to more accurately define the limits of the Tertiary.
The author states that much that had been designated by that name
properly belongs to other formations.

Up to the year 1830 all investigations upon the stratigraphy of the
Tertiary had been carried on in the main independently of a study of
the fossils. Generic identity had been cited as ground for correlation,
and although this aided largely in determining the limits of the Ter-
tiary itself, further subdivisions were impracticable.

The publication of Conrad’s article ¢“On the geology and orgamc

- remains of apart of the peninsula of Maryland,” with an appendix con-
taining descriptions of new species of fossil shells, inaugurated a new
era in the investigation of the Coastal Plain strata. It is true that Say’
had already described several Tertiary species, including the common
Ostrea, compressirostra of the Eocene of the Middle Atlantic Slope, but,
as stated in Conrad’s paper, be did not “draw any geological inferences
from the organic remains examined.” Conrad from the first applied
the paleontological evidence he had acquired to an interpretation of®
the stratigraphy; and, although many of his conclusions were erro-
neous, the knowledge of the geology of the Coastal Plain was very
materially advanced by his work. In this first paper such well-known
early Tertiary forms as Twrritells mortoni, Cucullwa gigantea, and
Crassatella aleformis are figured and described, while the presence of
Venericardia planicosta Lamarck is also noted. By the use of the data
afforded by these investigations the strata at Fort Washington, Md.,
were correlated with the London Clay of England.
. In 1832 Conrad began the publication (in parts) of an important
work euntitled “TFossil shells of the Tertiary formations of North
America.” This and its companion volume upon the ¢ Middle Ter-
tiary,” commenced some years later, must be regarded as the basis of
all later work upon American Tertiary paleontology. In the earlier
publication Conrad regarded the deposits in the vicinity of Fort Wash-
ington, Md., as ¢“Middle Tertiary,” and correlated them with the Lon-
don Clay and Calcaire grossier of Europe, and the Claiborne beds of
Alabama.
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Before the completion of Conrad’s first work above mentioned Lea
published his “Contributions to geology,” in which a large number of
Eocene fossils are described and the stratigraphy of the Tertiary of
the Atlantic Coastal Plain is discussed. In this work the term Eocene
is first applied to the American Lower Tertiary deposits, although the
general position of the deposits had already been recognized by Con-
- rad. The latter, however, in 1834, in his “Observations on the Tertiary
and more recent formations of a portion of the Southern States,”
employs the term Eocene for the Fort Washington- deposits, although

he there regards them as younger than the Claiborne beds, and even
" suggests their Miocene age.

- During the same year Prof. William B. Rogers made his ﬁrst con-

tribution to the Eocene geology of Virginia, and although his article
contained little of real importance, it is of interest as being the first of
a series of important publications upon the geology of Virginia.

Dr. 8. G. Morton, whose investigations were chiefly confined to the

Cretaceous, gives in his ¢ Synopsis,” etc., published at this time, a
“Qatalogue of the fossil shells of the Tertiary formations of the
United States,” in which many of the Middle Atlantic Slope forms are
included.
: During the year 1835 several 1mportant contrlbutlons were made to
the geology of the Atlantic Tertiary region. Conrad published his
investigations upon the Maryland-Virginia Tertiary area, including the
description of two new species-of Eocene fossils.” Rogers presented
“Further observations on the greensand and calcareous marl of Vir-
ginia,” in which the lithological similarity of the beds to the greensand
deposits of New Jersey is dwelt upon, although hLe believes that the
character of the organic remains shows the strata to be Eocene.
‘Jointly with his brother, H. D. Rogers, he presented to the Phila-
delphia Academy of Natural Sciences the first portion of “Contribu-
tions to the geology of the Tertiary formations of Virginia,” in which
several new species of Eocene fossils are described.

‘While the investigations hitherto mentioned were being carried on
privately, the three States constituting that portion of the Middle
Atlantic Slope now under consideration, viz, Delaware, Maryland, and
Virginia, became aroused to the importance of official geological sur-
veys of their areas. .

The first te erganize such a survey was Maryland, in 1833, J. T.
Ducatel being appointed State geologist. = Reports were pubhshed
until 1841, but the information they contam is economic rather than
stratigr aphlc

The Geological Survey of Vlrgmla began operations in 1835, under
William B. Rogers as State geologist, who was thus able to continue
much more systematically than hitherto his observations upon the
Tertiary belt. The first report, for 1835, which contains a general
statement regarding the . “Eocene marl district,” and most of the
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subsequent annual reports, which were continued until 1841, include
more or less detailed descriptions of the Eocene deposits. Collectively
they form the chief source of informnation regarding the Eocene stratig-
raphy of Virginia.

The Geological Survey of Delaware was short-lived. Its investiga-
tions, under the direction of I. C. Booth, State geologist, extended
only over the seasons 1837 and 1838, for which years annual reports
were published, and, in addition, a more exhaustive ¢Memoir ” in 1841;
but in none of these publications was the Tlocene recognized as such.

Conrad, who actively continued his investigations, made an impor-
tant contribution to the Eocene of the Middle Atlantic Slope in 1842
in his ¢“Observations on a portion of the Atlantic Tertiary region,
with a description of new species of organic remains.”

During this year the first of Lyell’s publications upon the eastern
Tertiary belt appeared in the Proceedings of the Geological Society of
London. His conclusions were derived from personal observations,
and were of special value from his wide knowledge of the Tertiary of
Europe. He succeeded in explaining many points in American Ter-
tiary stratigraphy hitherto imperfectly understood. The narrative of
his first report contains the following statement:

Having examined the most important Cretaceous deposits in New Jersey, Mr.
Lyell proceeded in the autumn of 1841 to investigate the Tertiary strata of Virginia,
the Carolinas, and Georgia, with a view to satisfy himself, first, how far the leading
divisions of Tertiary strata along the Atlantic border of the United States agree in
aspect and organic contents with those of Europe; and, secondly, to ascertain

~whether any rocks containing fossils of a character intermediate between those of

the Cretaceous and the Eocene beds really exist. The conclusions at which he
arrived from his extensive survey are given briefly as follows: (1) The only Tertiary
formations which the author saw agree well in their geological types with the
.Eocene and Miocene beds of England and France; (2) he found no secondary fossils
-in those rocks which have been called Upper Secondary and supposed to constitute
a link between the Cretaceons and Tertiary formations.

The Eocene deposits upon the James River, Virginia, are described
in this paper. In his subsequent papers bearing upon the Eocene of
the Middle Atlantic Slope the stratigraphy of the Eocene is further
considered and references are made to other localities which he visited.

Murchison, in his presidential address before the Geological Society
of London in 1843, reviewed the results of Lyell’s investigations in
America and added his own interpretation of a few points.

During the years immediately subsequent to Lyell’s visit many
important articles upon the Tertiary appeared from the pens of Ameri-
-can geologists, although the publications dealt more largely with the
southern than the northern deposits. Conrad, however, made addi-
tional observations upon the Eocene strata of the Middle Atlantic
Slope and described a number of new species. About this time Henry

. C. Lea published a Catalogue of the Tertiary Testacea of the United
States, in which the Middle Atlantic Slope forms are included.
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Subsequent to 1850 interest in the Tertiary geology of the Middle
Atlantic Slope seems for a time to have waned, and during the next
twenty-five years very few investigations were carried on within the
district. In Maryland two surveys, partly of a geological but more
largely of an agricultural nature, were inaugurated, the first, under
James Higgins, producing six reports between 1850 and 1858, and the
second under Philip T. Tyson, who presented two reports in 1860 and
1862, In the report for 1860 the Tertiary is described in some detail,
although no attempt is made to establish the limits of its several
divisions.
~ Conrad continued, however, to carry on his investigations upon the
- Atlantic Tertiary belt, adding to the number of new fossil forms and
publishing two catalogues of species.

Maury’s Physical Survey of Virginia, which appeared in 1869, also .
contains several references to the Eocenc stratigraphy of that State.

During the last twenty years, and particularly in the latter part of
that period, many more contributions have been made to the geology
of the Middle Atlantic Slope. Among those who have given the sub-
ject most attention may be mentioned McGee, Heilprin, Darton, Uhler,
and the writer. To the publications of McGee we are indebted more
than to any other for a general statement of Coastal Plain conditions.
‘Although some modifications may be deemed necessary upon a detailed
study of the formations, the writer is impressed, from a careful exam-
ination of portions of the area, with the general correctness of the
‘broad principles enunciated.

Heilprin has devoted considerable attention to Atlantlc Coast paleon-
‘tology, comparing several of the Eocene species of Maryland and Vir-
ginia with Buropeaun forms, and correlating the strata, as a result of
-these investigations, with the lower 'members of the English and
-French series. Both Darton and Uhler have studied the local rela-
tions of the Eocene deposits, the former having prepared several
United States Geological Survey atlas sheets of the central and south-
“ern portions of the district.

Several others have turned their attention from time to time to the
.area, and from their knowledge of other districts have aided to a greater
or less degree in interpreting the problems involved.

GENERAL RELATIONS.
TOPOGRAPHY.

The Atlantic Slope is essentially the area which drains eastwardly
‘into the Atlantic Ocean from the great divide formed by the Appa-
lachian Mountain system. Although affording great variety in topo-
graphic relief when viewed in its full extent, this area presents in its
central portion—that part to which the name Middle Atlantic Slope is
applied—three rather sharply defined districts, viz, the Appalachian
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region, the Piedmont Platean, and the Coastal Plain. Regarding the
two former, nothing further will be said at the present time. The
Coastal Plain, however, will be briefly described, since an understand-
ing of itis essential to an interpretation of many of the questions which
will be considered later.

The Coastal Plain as a continuous tract begins in New Jersey, on the
south shore of Raritan Bay, whereit has a width of about 20 miles, and
extends thence southward, constantly broadening, until in Georgia it
reaches fully 150 miles.

Within the Middle Atlantic Slope it varies for the most part between
75 and 100 miles in width, in some parts slightly exceeding, in others
slightly falling below, the lumts given. In this central area it is char-
acterized by broad, level-topped stretches of country, which extend with
gradunally increasing elevations from the coastal border, where the land
is but slightly raised above sea level, to its western edge, where heights
of 300 feet and more are found. As the region is cut quite to the border
of the Piedmont Plateau with tidal estuaries, the relief becomes more
and more pronounced in passing inland from the coast. :

Chesapeake Bay extends across nearly its full length from north to
south, separating the area into an eastern and a western division.
Nowhere except in the extreme north does the eastern division reach
100 feet in elevation, while most of the country is below 25 feet in
height. Both on the Atlantic coast and on the shore of the Ches-
apeake it is deeply indented by bays and estuaries. In elevation the
western division stands in striking contrast to the eastern, since it is
frequently high even along its eastern margin. In lower Maryland the
land reaches an elevation of 100 feet in close proximity to the shore of
the Chesapeake, and gradually increases northward. The western divi-
sion is traversed by numerous large streams which flow from the Pied-
mont Plateau, most of them tidal in their lower portions. '

A characteristic feature in the drainage of the district is the position
of the larger tributaries of the rivers, which are almost exclusively
along the northeastern banks, those entering from the southwest belng
few and short.

Upon the west the Coastal Plain is bordered by the Piedmont Pla-
teaun, a region of greater elevation and more diversified topography.

Since the topography of the Coastal Plain finds its explanation to a
considerable extent in the geological structure of the area, that subject
will be next considered.

STRATIGRAPHY.

The Coastal Plain consists geologically of a series of formations that
were deposited as moderately thin sheets, one above another, along the
eastern border of the crystalline belt already referred to as the Pied-
mont Plateau. The coastal deposits are slightly inclined eastward, so
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that successively later members of the series are encountered in passing
from the interior of -the country toward the coast.

From the beginning of deposition in the coastal region until the
present time sedimentation has apparently been constantly in progress
over some portions of the area. Oscillation of the sea floor, with its
accumulated sediments, took place, however, from time to time, so that
the formations present much complexity along their western margins.-
It is not uncommon there to find certain members of the series lacking,
as renewed deposition carried a later formation beyond its predecessors.
In the absence of distinctive fossils, the discrimination of the different
horizons at such points is often attended with great uncertainty.

Deformation also has affected the region to a limited extent, the
strata being slightly+warped, so that the plane of bedding does not

‘maintain a uniform strike and dip. This is particularly marked along
the western border of the area.

It seems highly probable that every geological epoch from the Creta-
ceous to the Pleistocene is represented, although in one or two instances
the lack of characteristic fossils renders the taxonomic position of cer-
tain formations difficult of absolute determination.

CRETACEOQUS.

The Cretaceous is extensively developed in the Middle Atlantic
Slope. It consists of a basal formation, that has been designated the
Potomac, overlain in succession by the Matawan, Navesink, Redbank,
and Rancocas formations, although all but the first are sparingly repre-
sented in the southern portion of the area, if, indeed, they are present
at all. The Potomac formation only has been determined in Virginia.

The Potomac formation consists chiefly of sands and clays, with
gravel at certain points where the shore accumulations are still pre-
served. The sands and clays of the lower Potomac are mainly incoher-
ent and show both a vertical and a horizontal gradation into one another. -
The sand layers are seldom widely extended, being generally lenticular
masses, which rapidly diminish in thickness with distance from their
centers. Highly colored and variegated clays abound in the upper
portion of the lower Potomac, and have yielded large amounts of nod-
ular carbonate of iron. Thick-bedded and widely extended white
sands (Albirupean formation of Uhler) characterize the upper Potomac.
The fossils consist chiefly of leaf impressions and the bones of dinosau-
rian reptiles, and although' they are not so numerous or distinctive as
might be desired, they show beyond a doubt the Cretaceous age of the
deposits.

The Matawan formation is formed largely of fine sands and clays,
clearly stratified, and in the case of the clays often laminated. The
clays and sandy clays are generally dark, often black, in color. They
are commonly micaceous and at times sparingly glauconitic. The
very homogeneous and persistent character of the beds is in marked

N
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contrast with the deposits of the Potomac formation which they overlie.
- The fossils consist largely of marine Mollusca that indicate the upper
Cretaceous age of the deposits.

The Navesink formation consists chiefly of greemand deposits,

although the glauconitic element is not so pronounced or so persistent
south of the Chesapeake as in the more northern districts. The strata
are more arenaceous, and as a result the materials weather more readily,
showing generally in greater or less degree the characteristic reddish
color of the hydrated peroxide of iron. The common and characteris-
tic Gryphea vesicularis, Exogyra costata, and Belemnitella americana are
widely found, with other typical forms.
" The Redbank formation is composed typically of highly arenaceous
greensands of a bright-red color, with which at times are interstratified
black micaceons. sands and clays. Black sands are found at the base
in the north, while an argillaceous bed of greenish color often caps the
formation. Although very distinct from the Navesink formation in
portions of New Jersey and upon the eastern shore of Maryland, the
characteristic features are less pronounced upon the western side of the
Chesapeake. The fossils are largely the same as those in the Navesink
formation. ‘

The Rancocas formation is also largely composed of greensands,
generally more glauconitic than the Navesink formation, although at
times somewhat argillaceous. The strata are much weathered where
exposed, and often appear as a firm red rock, the grains being cemented
by the iron oxide. The deposits have afforded Terebratula harlani,
Gryphea bryani, and other characteristic species of the New Jersey
area.

EOCENE.

The Eocene is an important member in the Middle Atlantic Slope
series, and will be fully described in the following pages. It seems
best for various reasons to regard the deposits as representing a sin-
gle formation, and Darton has assigned the name Pamunkey formation
to this division, from the Pamunkey River in Virginia, where the
strata are typically developed.

The deposits consist largely of a greensand marl, which may, how-
ever, by weathering, lose its characteristic green color, and by the
deposition of a greater or less amount of hydrous iron oxide become
an incoherent red sand or firm red or brown sandstone. At times,
notably in Virginia, the strata become highly argillaceous, the glau-
conitic elements largely or quite disappearing. Infrequently coarse
sands and even gravels are found, the latter chiefly toward the base of
the formation and near the ancient shore line. ‘

Very commonly the shells of organisms are so numerous as to form
the chief constituent of certain beds. Notwithstanding these facts,
the deposits are remarkably homogeneous in any given region and
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afford no satisfactory grounds, either lithological or stratigraphical,
for their separation into different horizons. Many of the fossils are
somewhat restricted in their range, some being limited to the lower,
others to the upper portion of the formation, yet they alone do not
seem to afford a satisfactory basis of division in the absence of strati-
graphie criteria for the same.

MIOQOCENE,

The Miocene deposits occupy the region to the southeast of and over-
lying the Eocene. They have been named the Chesapeake formation,
from the superb sections found exposed on the shores of Chesapeake
Bay. The Miocene deposits lie unconformably upon those of the Eocene
and overlap them along their western border, where they often rest upon
the Cretaceous.

The Miocene consists of sands, clays, marls, and diatomaceous beds.
The latter, composed almost exclusively of diatoms, are chiefly confined
to the lower portion of the formation, where they afford striking, light-
colored bluffs along many of the larger stream channels. The pure
diatomaceous earth reaches a thickness of 30 or 40 feet, although the
remains of diatoms are found scattered in greater or less amounts
throughout much of the overlying strata. The greater portion of the
Miocene, however, is composed of various-colored sands and clays, with
which are frequently mingled vast numbers of molluscan shells. Some-
times the shelly materials form so large a proportion of the deposits
as to produce nearly pure calcareous strata, which in a partially com-
minuted state may become cemented into hard limestone ledges. At
other times the deposits are very carbonaceous, even beds of lignite
appearing. The organic remains are very numerous and show the Mio-
cene age of the deposits. Their great number early attracted the atten-
tion of geologists, in whose writings descriptions of them are frequently
found.

PLIOCENE.

Widely covering the deposits of the Middle Atlantic Slope, hitherto
described, is a formation composed of gravel, sand, and clay, which thus
far has afforded no distinctive fossils upon which to base a determina-
tion of its geologic age. From the fact that the deposits rest uncon-
formably upon the underlying Miocene, and are in turn unconformably
overlain by the Pleistocene, they have been considered to represent
the Pliocene. The similarity of these deposits to those in Mississippi,
described by Hilgard under the name of the Lafayette formation, has
led to the adoption of the same name for the strata of the Atlantic
Coast. ,
 The deposits are very irregularly stratified, and often change rapidly
within narrow limits, Toward the ancient shore line the deposits are
of coarse gravel, through which is scattered a light-colored sandy loam,
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the whole cemented at times by hydrous iron oxide into a more or less
compact conglomerate. The eastward extension of the formation shows
a gradual lessening of the coarser elements and a larger admixture of
loam. Arkose materials are also present throughout the formation,
while the coloring and manner of weathering are highly characteristic.

PLEISTOCENE.

Superficially overlying the deposits hitherto described, and with
marked variations in thickness, composition, and structure, is the
Pleistocene, which reaches elevations of 100 to 200 feet in the various
portions of the region. From its typical development in the District
of Columbia it has received the name of Columbia forniation Three
distinet phases have been recognized, viz, the fluvial, the 1nterﬁuv1al
and the low-level.

The fluvial phase is found in its fullest development along the lead-
ing waterways. It consists of a lower horizon of coarse materials,
pebbles, and bowlders, generally passing upward into a brownish loam.

The interfluvial phase is found typically represented in the country
which lies between the waterways, and is characterized by materials
of local origin and produced largely by wave action.

The low-level phase is developed throughout the area farthest re-
moved from the ancient shore line. The deposits consist of sands,
clays, and loams. They indicate a much less disturbed type of sedi-
mentation than that found in either the fluvial or interfluvial phase.
They were scattered as a coating of greater or less thickness over the
eastern portion of the district, and have since suffered but little from -
denudation. The fossils are of recent species and indicate the marine
origin of the deposits.

DISTRIBUTION, OF THE STRATA.

- The Eocene strata of the Middle Atlantic Slope form a belt of vary-
ing width, extending from northeast to southwest, somewhat to the
west of the center of the Coastal Plain, This belt has been traced
almost continuously from the southern portion of Newcastle County,
Delaware, to the valley of the Nottoway River, in southern Virginia.
~ Although at times buried beneath later deposits, the Eocene presents
fine exposures along ‘all the leading stream channels, while not infre-
quently broad expanses of the formation outerop at the surface in the
intervening country. :
| DELAWARE.
{ In Delaware the Eocene is found only near the Maryland line and
- slightly to the south of the central portion of Newcastle County, where
it occupies a restricted portion of the country between Appoquinimink
Creek on the north and Old Duck Creek on the south. Toward Dela- -
ware Bay the formation entirely disappears, the Neocene resting directly .
Bull. 141—3
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upon-the Cretaceous. Eveni in the limited area where found the Neocene
depos1ts \vxdely cover the Eocene, so that in the absence of any large
streams no satisfactory exposures of the strata are found.

MARYLAND,

In eastern Maryland the conditions of outerop become more favor-
able, although the Neocene deposits still cover the higher portions of
the country. Numerous sections are found in the drainage basin of the
Chester River in both Kent and Queen Anne counties, the width of out-
¢ropping beds broadening from a few miles at the boundary to more
than 10 miles in some places, and reaching nearly to the valley of the
Sassafras River. _On the western side of the Chesapeake the Locene
is much more extensively developed than upon the eastern, and covers
wide areas in Anne Arundel, Prince George, and Charles counties.
“In Anne Arundel County the best sections are found along the
Severn and South rivers and their tributaries. The highland forming
the neck between the lower Magothy and Severn rivers is largely com-
posed of Eocene beds, the most western exposure being found at Mouut
Misery, near Round Bay, Severn River, at an altitude of 100 feet, while
eastward it reaches almost to water level. The higher portions of the
area between the Severn and South rivers are also largely made up of
Eocene deposits, as is also the land to the southwest of the latter
stream and between it and -the valley of the Patuxent River.
Throughout the southern portion of the county the Eocene is, however,
capped by the Chesapeake and La,f&yette formations a»lon0 the central
highland.
¢.Much of the western-central portion of-Prince George County is com-
posed of Eocene strata, many fine sections occurring aleng the western
branches of the Patuxent River. AlongthePotomac the strata arefound
in numerous bold 'bluffs, while broad -exposures appear in the valleys
of many of the larger tributaries, notably in Piscataway and Matta-
woman creeks. Upper Marlboro, on the eastern side, and Fort Wash-
ington, on the western side, of the county are among the best-known
localities for Eocene fossils in the Middle Atlantic Slope.

_In Charles County the Eocene is confined to its western half, fine
sections being found at Clifton Beach, along Port Tobacco River, and
at Popes Creek. Since the deposits are in general at lower levels than
in Prince George County, on accouist of the easterly dip of the beds,
the surface outcrops are largely covered by the Neocene and Pleisto-
cene formations.

‘VIR,GINIA. -

. The most compléte section of the Eocene in the whole Middle Atlantic
Slope is afforded by the series of high bluffs on the western bank of the
Potomac River bétween Aquia Creek and Mathias Point, in eastern
Stafford and northern King George_counties. The peninsula between-
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the Potomac and Rappahannock rivers is to a large extent formed
of the Tocene greensands, which also appear in places along the banks
of the latter stream, outeropping beneath the Columbia formation,
The higher levels of the intervening country are generally capped by
the Neocene formations.

Southward the Eocene deposits are continued in eastern Spottsyl-
vaunia and in Caroline counties. Fine bluffs of the characteristic marls
appear on the south bank of the Rappahannock at several points
“above Port Royal, but in the valley of the Mattapony they are much
less prominent, although occurring at frequent intervals. An extensive
cover of Neocene deposits occupies the higher portions of the country.
_ In the valley of Pamunkey River and its tributaries, particularly in
Hanover County, important outcrops of the Eocene are found. Many
of the fossils described by Conrad and Rogers were obtained from this
area. .

TFarther south, in the valley of James River, are many of the most
notable occurrences of the Eocene in the whole region. At Richmond,
City Point, Evergreen, and Tar Bay prominent exposures are found,
the two latter localities particularly being rich in organic remains.
At Petersburg and vicinity the Eocene is exposed in the valley of the
Appomaitox, but the sections are in the main poor. South of Peters-
burg the only exposure so far as known is at Bollings Bridge, on the
Nottoway River.

GENERAL CHARACTER OF THE DEPOSITS.
COMPORSITION.

The Eocene deposits of the Middle Atlantic Slope are typically glau-
conitic, and are found in their unweathered state either as dark-gray or
green sands or clays. The glauconite varies in amount from very nearly
pure beds of that substance to deposits in which the arenaceous and
argillaceous elements predominate, although the strata are generally
very homogeneous through considerable thicknesses. At certain hori-
zons the shells of organisms are found commingled with the glauconitic
materials in such numbers as largely to make up the beds, producing
what is known as a greensand marl. These beds are at times so indu-
rated as to form true limestone bands. This latter phase is seen typi-
cally developed both at Fort Washington, Maryland, and Aquia Creek,
Virginia, interstratified with the unconsolidated greensand layers.

‘When the glauconite is weathered the deposits lose their characteris:
tic gray or green color and generally become lighter gray with reddish
or reddish-brown streaks or bands, or may become entirely of the latter
color. In this condition they are often cemented into a ferruginous:
sandstone. This change particularly characterizes the Eocene deposits
of Delaware and the eastern shore of Maryland, as well as of Anne
Arundel County, on the western side of the Chesapeake. A very coarse
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phase of the consolidated sand rock is seen at Mount Misery, on the
Severn River. In the less completely weathered portions of the forma-
tion the change is shown in the mottled yellow and brown character of
the. more superficial beds, the glauconitic grains still showing their
green color when crushed Thin iron crusts.at times appear in the
strata. .

When the glauconite is largely or, more rarely, entirely absent, the
deposits consist of black or gray sands or clays, the latter at times
micaceous, and in a few instances carbonaceous.

A coarse pebble bed has been found at some localities at the base of
the formation. ‘

A microscopical examination of several selected specimens from dif-
erent portions of the area shows that the land-derived elements of the
deposits are mainly quartzose, quartz grains predominating. Frag-
ments of crystalline rocks occur, while numerous constituent and
accessory minerals derived from them are found.

Chemical analyses of several typical specimens, made by Peter Tire-
man, of Columbian University, give the following results:

Analyses of marls.

I. II. III. IVv.
Woodstock, | Evergreen, | Aquia Creek,| Winchester,
Va. a. Va. Md.
H,0 at 1100, ..eern.ninnnn " 3.8 3.11 0.76 131
Volatile at red heat less )

(610 R eeieeanan - 2.84 2.60 .21 6.27
ALO;+Fe03 @ nnnnnn..... . 22,68 21.50 7.70 41.25
Ca0 oot © o L66 2.50 36.78 None.
MEO.meemrmnennnemannann. 2.77 2.06 1.05 .76
b (o i .61 .37 .39
NagO vevennenamananernnns .23 .31 .59 .42
§10z <emmneninieeaeean B 60.87 £3.94 21.58 49.08
[0 3.17 3.53 29.79 .55
22 T N None. None. T.09 .13
. 98. 57 100. 16 08. 92 100. 16
Siliceous matter..._....... 73.48 75.85 25.30 52.30

a Considerable Fe,0; in all samples.
STRIKE AND DIP.

* The strike of the Eocene deposits in Delaware and Maryland is
approximately northeast to southwest, while in Virginia the prevailing
trend is more nearly north to south. This change in’ direction of strike
takes place in the area between the Patuxent and Rappahannock rivers,
chiefly in the Potomac basin.

The dip of the strata varies in different portions of the area from 10
to 20 feet to the mile, as shown by section lines and well borings, but
along the Potomac River section, where detailed measurements were
made by the writer, it is on the average about 124 feet to the mile.
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THICKNESS.

The results obtained from a study of the various section-lines and
well-borings show that the average thickness of the deposits is some-
what in excess of 200 feet, althongh estimates based on the Potomac
River section, as well as on well-borings in the area to the east of Fred-
ericksburg, show that it reaches quite 300 feet in this portion of the
Middle Atlantic Slope.

The extensive covering of post-Eocene deposits in many portions of
the region renders it impossible to obtain data upon which an estimmate
can be based, and the results of further well-boring will be awaited
with interest. From the facts already obtained it seems probable that
there is a slight thickening of the beds to the eastward along the line
of dip.

ORIGIN OF THE MATERIALS.

As regards their origin, the chief constituents of the Eocene deposits
of the Middle Atlantic Slope may be grouped under three heads, viz:
Tirst, the arenaceous and argillaceous elements, which are land-derived;;
second, the calcareous elements, which are of organic origin; and third,
the glanconitic elements, which are of secondary formation.

The arenaceous and argillaceous materials were undoubtedly origi-
nally derived from the crystalline rocks of the Piedmont Plateau, with
an indefinite admixture from the Paleozoic formations of the Appala-
chian region.

The organic remains, which consist very largely of the shells of mol-
lusks, are generally so slightly worn or broken as to justify the beliel
that they were little disturbed prior to their burial by the sediments
in which they are now found entombed. They have, however, lost
considerably by solution since they were deposited, the calcareous
matter removed serving as a cement to produce the limestone layers
found at several horizons in the southern Maryland and northern Vir-
ginia area.

The glauconitic elements are secondary in character and were formed
in situ. Since they enter so largely into the formation of the Iocene
greensands, their character and origin w1ll be considered somewhat

more fully.
ORIGIN OF GREENSAND.

Great light has been thrown upon this subject by the results of the
deep-sea dredgings which have been made in recent years by the
vessels sent out on scientific éxpeditions under government auspices.
The most important of these expeditions was that of the Challenger,
sent out by the British Government in the years 1872-76. In the
report upon the deep-sea deposits, based upon the dredgings of that
expedition, Professors Murray and Renard, the authors, present the
results of their researches as to the character and distribution of
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greensand, and at the same time propose a theory to account for the -
chemical changes which have taken place to produce the mineral glau-
conite, its chief constituent.

The glauconite occurs both in existing seas and in geological deposits
as minute grains, seldom exceeding 1 millimeter in diameter, although
these grains may at times become agglomerated into nodules several
centimeters in diameter by means of a phosphatic cement. The grains
are always wmore or less rounded, and at times mammillated, with irreg.
ular surface outline. They are generally black or dark-green in color,
but become brighter-green upon being crushed. The surface of the
grain is sometimes covered with fine punctures, while at other times it
is smooth and shining. Some of these glauconite grains are distinct
internal casts of Foraminifera and of other calcareous shells; but more
often they are only indistinct reproductions of the form of the chambers
and show no definite connection with the organisms in which they origi-
nated; In the Eocene deposits the foraminiferal casts are less distinctly
seen than in the deposits of recent seas, yet even here they are not

“uncommon,

Itis estimated that glauconitic deposits cover approximately 1,000,000
square miles of the sea floor, while they are found at nearly all geolog-
ical horizons from the Cambrian up. On the present ocean floor they
arc limited to those portions adjacent to the coasts, and for the most
part along the higher parts of the continental slopes, where land-
derived materials are deposited in perceptible yet small amounts. The
production of glauconite seldom reaches to greater depths than 900
fathoms, and most commonly takes place between 100 and 200 fathoms.
The entrance of large rivers into the sea or the prevalence of strong
currents bearing sediment tends to interfere with its formation, so that
its area of distribution is seldom continuous for great distances.

Although glauconite is. not known to be formed except in the pres-
ence of land-derived materials, its production is accomplished through
the intervention of Foraminifera. Their connection with the formation
of glauconite was first shown by Ehrenberg! in 1855, as the result of a
study of greensand from many deposits in Europe and America. Pro-
fessor Bailey? in the succeeding year stated that the formation of
greensand is likewise taking place on the floor of existing seas and
proba,bly under the same conditions that existed in past geological time.

- According to Murrf\,y and Renard, the chambers become filled with
muddy sedlment, and “if we admit that the organic matter inclosed in
the shell, and in the mud itself, transforms the iron in the mud into
sulphlde, which may be oxidized into hydrate, sulphur being at the
same time liberated, this sulphur would become oxidized into sulphuric
acid, which would decompose the fine clay, setting free colloid silica,
alumina being removed in solution; thus we have colloid silica and
hydrated oxide of iron in a state most suitable for their combination.”

1Abhandl. K. Akad. Wiss. zu Berlin, 1855, pp. 85-176.
2Proc. Boston Soc. Nat. Hist. vol. 5, 1856, pp. 364-368.
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The potash which is necessary to complete the composition of glauconite
is regarded as derived from the decomposition of the fragments of crys-
talline rocks or their common constituents, orthoclase-and white mica.

Two conditions, then, are requisite for the formation of glauconite:
First, the deposition of mineral particles of land-derived origin; and
second, the presence of Foraminifera. In the absence of either, glauco-
nite will not be produced. On the other hand, it is retarded, and finally
ceases altogether, as the amount of deposition of land-derived mate-
rials increases adjacent to the coasts. Only, then, within circumscribed
limits, which are constantly subject to modification, is the formation of
glauconite possible.

Glauconite seldom, if ever, occurs pure in nature, but is mixed with
greater.or less amounts of arenaceous materials, producing what is
known as greensand, a term which is commonly made to embrace the
argillaceous deposits as well, particularly when the glauconite grains
are visible, although they are more correctly green clays. When the
deposits 'ai-re_ distinctly calcareous, they are generally known as green-
sand marls, No definite percentage’ of any of the constituents is
required, and as-they are so--commonly intermingled the terms just
described are used somewhat indiscriminately.

STRATIGRAPHICAL AND PALEONTOLOGICAL CHARACTERISTICS.

The Eocene deposits of the Middle Atlantic Slope constitute a single
geological unit, which has been described by Mr. N. H. Darton ! under
the name of the Pamunkey formation. It is divisible by means of its
contained fossils into two clearly defined stages, which have been
"already described by the writer? as the A quia Creek stage and Woodstock
stage, the names being given.from. characteristic.localities on the right
bank of the Potomac River in Virginia. Several minor fossiliferous
zones have also been observed, and in some mstances they have been
traced for considerable distances.

As previously mentioned, the FEocene dep0s1ts in their unwe'mthered
condition- are very homogeneous, but in local sections the upper beds
are often extensively changed, while hard limestone layers are at times
ploduced in the shelly strata. In this way the deposits may be locally
separated into clearly defined lithological zones, which sometimes admit
of reognition in adjoining regions.

POTOMAC RIVER SECTION.

The most complete section of the Eocene is found in the valley of
the Potomac River between Aquia Creek, Stafford County, Va., and
Popes Creek, Charles County, Md. Throughout this distance the bluffs
afford a nearly complete sequence of the several ‘members of the for
mation, while the fossils are numerous and well preserved.

1Bull. Geol. Soc. Am., Vol. IT, 1801, p. 411.

?Johns Hopkins University Circulars, Vol. XV, 1895, p.3; Am.Jonr. Sci., 4th series, Vol. I, 1896, pp.
365-371.
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The full Potomac River section is given in both cross-section and
columnar form on Pls. V and VI, It is made up chiefly from the local
sections at Aquia Creek, Potomac Creek, Woodstock, and Popes Creek,
but contains additional da,ta obtained at a few pomts inland.

The local sections are presented in columnar form on PL IV, and the
numbering corresponds with that given in parenthesis in the descrip-
tion of the sections which follows. The numbering of the zones in the
general sections is the same as that in the local sectlons. The unnum-
bered zones are post-Eocene. :

Section of western portion of bluff at Aquia Creek, Virginia.
: Feet.
1. Fine sand, iight;yellow in color, with white clay near the base and an indu-
rated layer at the bottom . . c.ce . onnniin i i 18
2. Fine sand, of light-greenish color, contammg a few glauconitic grains (10). 18
3. Thick-bedded, arenaceous, and glauconitic limestone interstratified with
unconsohdated layers of partially weathered greensand, the indurated lay-
ers largely filled with the shells of Turritella mortoni (9) «ecoo. oo i .. 10
4. Fine sand, of gray or green color, ponta,mmg several irregular bands of Turri-
tella mortoni, also T. humerosa, Cucullea gigantea, Crassatella almformis, and

< Ostrea compressirostra (8) . .cceeeaeean it iiceieteeeeeeacacreenae 30
5. Dark-colored greensand, chiefly filled with broken shells of Cytherea ovata and

Crassatella al@formis (T) - ccceen cemiuiei e iiteetatoncaanncaneenacnn- 7

6. Ditto, with same shells in whole condition (6).......ccccecaaeaeai il 1
7. Indurated layer of light-colored greensand filled with Turritella mortont, T.
humerosa, Crassatella alwformis, Dosiniopsis lenticularis, Cytherea ovata, Pano-

pea elongata, Pholadomya marylandica (5). ....ceeeeecaeennnmeeecannnannn. 2

8. Greensand marl containing same fOrms (4) . ...ocuvemarevoeeieaannaaneeaann 8

9. Indurated layer of dark-colored greensand with Crassatella alewformis, Cy-

therea ovata, Dosiniopsis lenticularis, and Ostrea compressirostra (3) . ........ 2
10. Greensand marl with Dosiniopsis lentzcularw, Cytherea ovata, and Crassatella

" alaformis (2) ................................ Geessesneentaoeace ernaannnn 12

' 108

Section of center of bluf at Potomac Creek, Virginia.

1. Fine yellowish sand containing red and brown bands, with white clay at bage. 25

2. Greenish-gray argillaceous sand, slightly glauconitic (15).................... 27
3. Argillaceous sand containing bands of selenite crystals (14)..eeee.ceenoan--. 4
4. Light-gray glauconitic sand with Venericardia planicosta (13) ... ............ 3
5. Greenish-gray argillaceous sand (12)..ceeimioiinninniimenaeenaa.s. eees 8
6. Indurated greensand with Venericardia planicosta (11)..cocveereeeeneeenannn. 1

7. Greenish-gray argillaceous sand, glauconitic, with casts of Cytherea sp. (10).. 25
8. Thick-bedded arenaceous and glauconitic limestone interstratified with lay-
ers of partially weathered greensand, the indurated strata largely composed
of the shells of Turritella mortont (9)...coe e eneacesiacamamomaecaaeannn 12
9. Greensand bed, much weathered in its upper portions, and filled chiefly with
Turritella mortoni in several thick layers; also 7. humerosa, Cucullma gigantea,
Crassatella al@formis, Ostrea compressirosira, and many other species (8).... 25

130

Section of center of bluff.at Woodstock, Virginia.

1. Yellow and orange-colored sand and gravel............cceiiiionne. coseae.. 30

2. Dark greensand with Ostrea selleformis, Protocardia virginiana, Pectunculus
idoneus, Cytherea subimpressa, Pecten rogersi, Corbula nasuta, Corbula oniscus,
Leda (ddrana) cultelliformis, and other forms (17)....... R

62
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DETAILED COLUMNAR SECTIONS OF EOCENE STRATA.

I. Aquia Creek. ll. Potomac Creek. . Woodstock. IV. Popes Creek.
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Section of bluff 1 mile south of Popes Creek, Maryland.

1. Diatomaceous earth .......cceueseiateiaeenaicaceciiecacocacencscceananens 40
2. Dark greensand with Profocardia virginiana, Cytherea subimpressa, Modiola

potomacensis, Venericardia planicosta, Corbula nasuta, and other forms (17)... 15

' 55

Careful measurements made at each of the local sections show the
uniform dip of the strata to be about 123 feet to the mile. Thé Turri-
tella bed (9), whick has an elevation of 62 feet at its base in the Aquia
Creek section, has descended to 25 feet in the Potomac Creek section,
3 miles distant, while the indurated layer (5), which stands at 24 feet
at the western end of the Aquia Creek section, has passed below tide
level 2 miles to the southeastward. Similar measurements made at
‘Woodstock and in some of the intervening ravines do not change the
average estimate of the dip found at the two points first mentioned.
It is evident, therefore, that on this basis of calculation the thickness
of the Focene strata in this area will not fall far short of 300 feet, the
amount claimed by Darton upon the evidence afforded by well borings.

The different members of the Potomac River series will be now con-
sidered in detail. (See Pl V.)

Zone 1.—~The thickness of the Eocene deposits beneath the basal
beds of the Aquia Creek section can not fall far short of 60 feet. Some
exposures are seen in the ravines to the west of the bluff, but no com-
plete sequence of the beds has been found. The almost entire absence
of fossils renders the faunal relations of the strata undeterminable.
The deposits are typical greensands, at times somewhat argillaceous,
and with a basal pebble bed overlying the Cretaceous at some points.

Zone 2.—This bed has been observed both at the base of the Aquia
Creek section and also on the opposite bank of the Potomac River at
Clifton Beach, at both of which localities it outcrops at tide level. The
bed is about 12 feet in thickness, but entirely disappears below the water
line a little beyond the middle of the Aquia Creek bluff. The dark

-greensand of which the bed is mainly composed is packed with the
shells of Crassatella alwformis, Dosiniopsis lenticularis, and Cytherea
ovata.

Zone 3.—The limestone ledge composing this bed is much less per-
sistent than in zones 5 and 6, which overlie it, and at times it nearly
or quite disappears. Itis2 to 3 feet in thickness, highly glauconitic,
and of dark color, and is filled with shells or, more commonly, casts of
shells, among which: the forms of zone 2 are conspicuous, together with
Ostrea compressirostra and a few Turritella mortont.

Zone 4,—This bed is a highly typical greensand, containing in the
main the forms mentioned above as occurring in zone 3. It reaches
about 8 feet in thickness.

Zone 5.—This limestone bed is very persistent and forms a conspicu-
ous ledge, about 2 feet in thickness, along the face of the Aquia Creek
bluff until it passes below tide water near its eastern extremity. In
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a,ddition to the s"pecies' already mentioned as c]iarmcte‘ristio for zones 2
among which the fol]omno' are consplcuous, viz: Pholaclomya maryland-
ica,-Panopea elongata, Tellina virginiana, Pholas (%) petrosa, Calyptrea
trochiformis, Fusus trabeatus, F'usus sp., Caricella sp., ete.

Zone 6.—This thin layer, generally about 1 foot in thickness, of dark
characteristic greensand, is packed with the common forms of the pre-
vious beds. - It thickens somewhat to the eastward along the face of
the bluff, and near Marlboro Point contains, among other forms, several
species of corals, including Eupsammia elaborata, Turbinolia acuticos-
tata, and Paracyathus (%) clarkeanus. .

Zone 7.—The bed of greensand overlying the preceding layer is really
a continuation of it, although the fossils are few in number and much
broken. Tragments of the common forms of previous beds are present.,
This bed is about 7 feet thick.

Zone 8.—The highly characteristic greensands and greensand marls
are succeeded by a zone, some 30 feet in thickness, in which the grains
of glauconite have been extensively weathered, giving the strata a
greenish-gray appearance, which changes to a reddish-brown in the
upper layers. Several irregular bands packed with Turritelle mortoni
are present in both the Aquia Creek and Potomac Creek sections,
while associated  with that species at both localities are Turritella
humerosa, Cucullea gigantea, Crassatella aleformis, Ostrea compressi-
rostra, and other forms. The upper portions of this bed have afforded
most of the species obtained from the Potomac Creek bluff.

Zone 9.—The thick-bedded limestone layers which compose this zone
are almost exclusively made up of the shells of Turritella mortoni, form-
ing a Turritella rock. Between the indurated layers are interstrat-
ified layers of unconsolidated and much weathered greensand, which
contain few fossils of any description, Great masses of this Turritella
rock strew the shore at the base of both the Aquia Creek and Potomaec
Creek blufts. The bed is about 10 feet thick in the Aquia Creek bluff,
but reaches 14 feet at Potomac Creek. )

Zone 10.—The greenish-gray sand which overlies the Turritella rock
is more argillaceous ‘than the underlying beds of the Eocene. The
glauconite grains have been much weathered and nearly all trace of the
shell substance has been removed from the few forms recognized. The
casts found -at the Potomac Creek bluff are chiefly those of a Cytherea,
probably Cytherea ovata. No fossils were observed at the Aquia Creek
bluff. The bed is abont 25 feet in thickness.

Zone 11.—A thin, highly indurated layer of argillaceous greensand
was observed at the Potomac Creek bluff, in which a few specimens of
Venericardia planicosta were found It was not present in the Aquia
Creek section.

Zone 12.—A greenish-gray argillaceous sand, cont'umng still some
unweathered grains of greensand, overlies the 1ndurated layers, but no
fossils were obtained. The bed is a,hout 8 feet thick. - :
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Greensand, with Ostrea selleformis, Pectwwut:wldonevw Py nh»cardm, vn_muana,

etc. Thickness, 40 feet - - - - - - - - - - Py’

Greensand, with few fossils, chiefly Venericiurdia plawicosta. Thickness, 50 feet - - ae

Greenish-gray argillaceous sand. Thickness, 25 feet - - - - - - - - - = - - - o3

Greenish-gray argillaceous sand, with bands of gypsum crystals. Thickness, 4 feet - - - - o4
Light gray greensand, with Venericardic planicosta. Thickness, 3 feet - - - - - - w

Greenish-gray argillaceous sand, Thickness, 8 feet - - - - - - - -7 - - - - - 02
Indurated argillaceous greensand. Thickness, 2 feet - - - - - - - - - - - - = w
Greenish-gray sand, somewhat argiliaceous. Thickness, 25 feet - - - - - - - - - - (o

) o v g

Thick-bedded indurated greensand, with Thritelle, mortoni. Thickness, 14 feet - - -

Light greenish-gray greensand, with Twrritellc mortoni. Cuculliwa giganzew, C) asso-
tella aleeformis, Ostrea compressirostra, ete.  Thickness, 30 feet - - - - -

Greensand, with fragments of shelis of lower beds. Thickness, 7feet- - - - - - - -

Greensand, with corals, Thickness, 1 foot -~ - - - - - L T T O
lndurated guenmml, Ihmkneu, 2 feel - L T

dy with € lla aleformis, (,u/lm e ab ula, I)usmwpcw Ic:mculam, cte. ’l'hlckucss, 8 feet -
lndurated greensand, with same fossils as zone above. Thickness, 3 feet - - - - - -

Dark colored greensand filled with same fossils as zones above. Thickness, 12 feet = - - -

Greensand, at times argillaceous and with basal pebtle bed. Thickness, 60 feet - -

GENERAL COLUMNAR SECTION OF EOCENE STRATA IN THE POTOMAC RIVER REGION,

‘BUNE} YO0}SPOOAN

gunej %9319 einby
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Zone 13.—This bed consists of a light-gray glauconite sand somewhat
weathered. It is filled almost exclusively with Venericardia planicosta,
This zone is very persistent, outeropping in several of the ravines to
~ the east and south of Potomaec Creek. It is 3 feet thick.

Zomne 14.—Overlying the Venericardia layer is a bed of greenish-gray
argillaceous sand, some 4 feet in thickness, that contains a great num-
ber of bands filled-with gypsum crystals. No fossils were observed.

Zone 15.—This bed consists of greenish-gray argillaceous sand, in
which the glanconite grains have been extensively weathered. No
fossils were found. The bed has a thickness of 25 feet. :

Zone 16.—In this zone have been placed the strata intervening
between the upper layers of the Potomac Creek section and the base
of the Woodstock section. Comparatively little is known regarding
"this portion of the series, but the deposits are estimated to reach about
50 feet in thickness. They appear in an unfossiliferous condition in
some of the ravines to the west of the Woodstock area.

Zone 17.—The highly glaucouitic beds at Woodstock, Va., and Popes
Creek, Md., are grouped together in this zone. They are very homo-
geneous, although an inconstant indurated layer appears about 6 feet
above the base of the Woodstock section, with a band of Venericardia
planicosta 2 feet below it, while a thin bed of Ostrea selleformis also
occurs in the lower part of the zome, although evidently not always
at the same horizon, Otherwise, so far as observed, the fossils are
the same in the several parts of the two sections. The most com-
mon forms are Protocardia virginiana, Pectunculus idoneus, Cytherea
subimpressa, Corbula nasuta, Corbula oniscus, Leda (Adrana) cultelli-

formis; Pecten rogersi, Leda improcera, Leda parva, Nucula magnifica,
Lucina dartoni, Lucina wuhleri, Lucina whitei, ngwula dall&, and
Cylichna venusta.

The lithological characteristics of zones 10 to 15, which have been
observed only in the Aquia Creek and Potomac Oleek bluffs, may be
quite different under less weathered conditions. .

The paleontological characteristics of the several zones, so far as can
be determined, indicate two very distinct faunal stages, the first typ-
ically developed in the zones 2 to 9 and the second in zone 17. The
characteristics of zone 1 and of zones 10 to 16 can not be readily made
ount in the Potomac River area on account of the extensive weathering
of the beds, although in some of the adjoining districts there is an
intermingling of some of the forms of the two stages in the intervening
beds between zones 9 and 17.

AQUIA CREEK STAGE.

The Aqnia Creek stage, which is most characteristically shown. in
zones 2 to 9, has a great variety of forms. The most common species
are Turritella mortont Conrad, confined chiefly to zones 8 and 9; Cythereca
ovate Rogers and Crassatelle aleformis Conrad, confined largely to
zones 2 to 7; Cucullca gigantea Conrad, mainly found in zone 8; Ostrea
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compressirostra Say!, most common in zones 6 and 7; and Dosiniopsis
lenticularis Rogers, largely limited to zones 2 to 5.

Other species found in this stage are Thecachampsa marylandica
Clark, Trionyx virginiana Clark, Ischyrhize (%) radiata Clark, Mylioba-
tis copeanus Clark, Carcharodon polygurus Agassiz, Lamna (%) obliqua
(Agassiz), Ozyrhina hastalis Agassiz, Odontaspis elegans (Agassiz),
Galeocerdo contortus Gibbes, Nautilus sp., Tornatella bella (Conrad),
Pleurotoma harrisi Clark, Volutilithes petrosa Conrad, Volutilithes
(Athleta) tuomeyi Conrad, Volutilithes sp., Caricella sp., Fusus (Levi-

- fusus) trabeatus Conrad, Fusus (Strepsidura) perlatus Conrad, Fusus
sp., Fulgur argutus Clark, Lunatia marylandica Conrad, Natica clifton-
ensis Clark, Twrritella humerosa Conrad, Calyptrewa trockiformis Lam-
arck, Vermetus sp., Scala virginiana Clark, Gibbula glandula (Conrad),
Solarium sp., QGastrochana sp., Pholas (%) petrosa Conrad, Tellina will-
iamsi Clark, Panopea elongata Conrad, Pholadomya marylandica Con-
rad, Lucina aquiane Clark, Venericardia planicosta Lamarck, Crassa-
tella. aquiana Clark, Leda protexta Conrad, Modiola potomacensis Clark,
Pecten johnsoni Clark, Pecten sp., Ostrea sp., Serpula sp., Paracyathus
clarkeanus Vaughan, Turbmoha acuticostata Vaughan, Eupsammw elab-
orata Conrad, besides many species of Foraminifera.

WOODSTOCK STAGE,

The Woodstock stage is found typically developed at zone 17.

The most common forms are Protocardia virginiana Conrad, Pectun-
culus idoneus Conrad, Cytherea subimpressa Conrad, Corbula nasute Con-
rad, Corbula oniscus Conrad, Ostrea sellaformis Conrad, Leda (Adrana)
cultelliformis (Rogers), Leda improcera (Conrad), Leda parva (Rogers),
Nucula magnifica Conrad, Venericardia planicosta Lamarck, Lucina
dartoni Clark, Fusus (Levifusus) trabeatus Conrad, Ringicula dalli Clark,
and Cylichna venusta Clark,

Among other species found at this horizon may be mentioned Man-
gilia (Pleurotomella) bellistriata Clark, Turritella sp., Cadulus bellulus
Clark, Teredo virginiana Clark, Solemya petricoloides (Lea), Lucina whitei
Clark Lucina uhleri Clark, Modiola potomacensis, and numerous specles
of Forammlfexa

OTHER SECTIONS.

Along none of the other drainage lines is the sequence of Eocene
strata so complete as in the Potomac River area. Several important
local sections, composed of one or more members of the series, have
been observed at different points and may be correlated with one or
the other of the stages previously referred to.

Along the Chester River weathered greensands outerop in many of
the low bluffs and have been found to contain casts of several of the
more common Eocene fossils, among which Turritella mortons and Ven-
ericardia planicosta are most conspicuous.

1 Several immature oysters found at this horizon bear a strong resemblance to the young of Ostrea
selleformis.
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The Severn River section is composed of highly weathered beds, of
a deep-brown color, in which iron crusts are common. The strata cap
the high bluffs which extend almost continunously from Round Bay to
the mouth of the river at Annapolis. Cucullea gigantea, Ostrea com-
pressirostra, Ciytherea ovata, Turritella mortoni, Venericardia planicosta,
Dosiniopsis lenticularis, and other forms occur,
The Patuxent and its tributaries cut deeply into the locene deposits.
" The section at Upper Marlboro is particularly noteworthy on account
of the highly fossiliferous character of the strata, and has been fre-
quently referred to in geological literature.

) Seéti%m at Upper Marlboro, Maryland.

Teeot,

1. Reddish gravelly lowm coo .o i i e 18

2. Finc loose sand of light-yellow €0lOTaue . vuusveer ceemeenearecaameneen e 20
3. Dark-gray greensand, slightly argillaceous, with few ferruginous crusts, yel-

low mottled in PLACeSs ... c.onoee s e e ae e, BB

4. Brownish sands with casts of Turritella mortoni...... .. e 3

5. Greenish-gray marl with Venericardia planicosta and other forms..........._. 2

6. Indurated layer of light greenish-gray sand filled with Turritella morioni,
Cucullewa gigantea, Cytherea ovata, Dosiniopsis lenticularis, Pectunculus idoneus
: Venericardia planicosta, Calyptrophorus jacksoni, Astarte marylandica, Ostrea

compressirostra, and.other forms. .. .. ..o llL 8
7. Loose, greenish, ash-colored sands containing many of the same species as

tho overlying bed .......... U eret e ere e, ceraeees. 10
! ' ' 116

Along the tributaries entering the Potomac Rwer on the western side
of Chiarles County, Md., several extensive outcrops are found. Among
them the section at Fort Washington is the most important and best

known. ;
Section in ravine north of Fort Washington, Maryland.

Foet.

1. Red loam with gravel and sand at base....... ..o ooeoi il 25

2. Brownish weathered greensand . .....c.oce.oooosaaesaueraneaeen aeaanaaiaas 20

3. Firm, dark greensand ........ .. ... ...l e e 4

4. Dark greensand densely crowded with Turritella mortont .................... b
5. Fine dark greensand filled with Crassatella alwformis, Cytherea ovaiw, Tur-

ritella mortoni, and many other species. ... c.oeveai it viiiaianannnns 7

6. Greensand of dark-gray color, with Cucullea gigantea, Crassatella alwformis,
Dosiniopsis lenticularis, Cy Jtherca, ovata, Turritella mortoni, and other species. 14
7. Partially indurated bed crowded with Cucullwa gwantca,, Ostrea compressirosira,

andotherforms.. .. .. .. .. .ol ceeoen 10
8. Dark greenish-gray sands ......o.cooioiiinao. e e ceees 20
105

The numerous bluffs along the Rappahannock River, in' King George
and Caroline counties, Va., combined give an excellent section of the
Eocene. Moons Mount, on the south bank of the river, about 5 miles

"above Port Royal, is the most extensive bluff, and affords at its base 50
feet of homogeneous greensand, which is very fossiliferous and in which-
occur Lamna (%) obliqua, Odontaspis elegans, Lunatia marylandica, Cor-
bula oniscus, Corbula aldrichi, Cytherea ovata, Venericardia planicosta,
Leda protexta, Pecten rogersi, Ostrea sellaformis, and other species.
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On the Pamunkey River a moderately extensive section of the Eocene
occurs.. At Newcastle, a short distance below Hanoverville, the fol-
lowing highly fossiliferous exposure is found:

Section below Hanoverville, Pamunkey River, Virginia.

Feet,
1, Graveland sand.....oo.ooooii i ii ... e ieeeiereeeeeane . 3
2. Reddish mottled greensand crowded with Ostrea sell@formis........._....... -3

3. Gray greensand, weathered in the upper part, with Cadulus bellulus, Corbula
aldrichi, Corbula oniscus, Tellina virginiana, Cytherea subimpressa, Lucina
whitei, Diplodonta hopkinsiensis, Venericardia plawicosta, Nucula magnifica,
Leda improcera, Modiola, potomacensis, Pectunculus idoncus, and Ostrea sellw-

L 30
4. Black greensand.... ..cucecievieiciiiiiianeaaann et cmcceeenaeas saeeannn 10
46

Next to the Potomac River section, the James River section is the
most complete in the Middle Atlantic Slope. A large number of out-
crops are found in the bluffs between Richmond and Coggins Point,
although the most extensive and fossiliferous locahtles are at City

Point, Evergreen, and Tar Bay. .
Section at City Point, Virginia.

. ] Feet.
1, Reddish gravelly loam .........ccvieeaicnnnnnnn. N 30
2. Light greensands containing layer of Ostrea compressirosira at base....... ... 3
3. Dark greensand crowded with Turritella mortoni and few Cytherea ovata . .... 3

4, Partially indurated greensand marl, with Crassaiclla al@formis, Mytilus poto-
macensis, Corbula sp., and other indeterminable fragments. oveuee.. ... .. B
41

Divisions 3 and 4 are obtamed in pits and well openings below tide

level.
Section at Evergreen, Virginia.

. Feet.
1 Red 10am .. .oceiiiiceaenncnnnccncaiaasccsonacceanncann M eeeeeeeemcecenanas 50
2. Yellowish sands filled with characteristic Miocene fossils ................... 10

3. Greensands, at times argillaceous, with Lamna (%) obliqua, Carcharodon poly-
gurus, Ozyrhina hastalis, Odontaspis elegans, Galeocerdo contortus, Lunatia mary-
landica, Corbula oniscus, Corbula aldrichi, Cytherca ovata, Diplodonta hopkinsien-
sis, Venericardia planicosta, Leda parva, Leda (Adrana) cultelliformis, Cucullewa
gigantea, and O8treq sellEfOIMIS . .uvre vaven vaneeeaneenennsessvsesssnaneecs 25

85
R Section at Tar Bay, Virginia. .

1. Light-colored 8ands -occnoimo i e i 20

2. Redloam ..ccceeecncnnaaao ... R 50

3. Yellowish sands with characteristio Miocene fossils.......................... 10

4. Bed of Ostrea sell@formis ........ ... ioiiiiemi it i aians .. b

5. Loose, light-colored greensand, mottled with yellow ........................ 15
6. Argillaceous greensand with gypsum erystals.... ... ..ol 10 -

T, GreenSands «euv e ire it ities caaeiaae e teinsenaee seeeirrnsann ey e 30

140

Division 6 is below water level.
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CORRELATION OF THE STRATA,

GRITERIA EMPLOYED IN THE CORRELATION OF THE SEDIMENTARY
ROCKS.

An examination of the diverse physical and faunal conditions prevail-
ing at the present timie on the various portions of the earth’s surface
shows as nothing clse can the difficulty of satisfactorily correlating
widely separated deposits of a given age. It clearly indicates the
necessity of using not oiie but every class of criteria, if the chrono-
logical interpretation is to be made with even an approximate degree
of correctness.

It too often happens that the geologist employs one class of criteria
to the exclusion of all the others, and thus finds himself at variance
with those who are attempting to interpret the facts by other methods.
Not only is this disparity of view found among those who base their
* conclusions on the one hand entircly upon physical and on the other

entirely upon biological grounds, but among those who make use of
" the different subclasses of criteria under éach of these heads. Thus
the conclusions based upon similarity of materials alone are often at
variance. with those based upon similarity of struetural relations,
while the evidence of vertebrate paleontology often differs in a marked
degree from that of paleobotany, and that in turn from the evidence
derived from invertebrate paleontology. Each, of course, can not be
altogether right, although in most cases each is partly right. Under
some conditions one set of criteria may be more important than another,
and in any particular case results of real valune can be obtained only
by carefully ascertaining the relative significance of each.

It should be kept clearly in mind that the chronological classification
of the sedimentary rocks has its primary basis in the order of super-
position of the strata.. In most cases it is only as the latter has been
determined that the major and minor divisions of the geological scale
have been established and correlation thus rendered possible.-

At the same time the duality of geological classification must be
recognized, although for purposes of correlation in closely contiguous
districts the stratigraphical and chronological divisions majy not require
an independent nomenclature. Over wider areas and in different prov-
inces the formation terms are no longer adequate to express the chro-
nological facts, and the prefixing of the syllables o-, Meso-, and Neo-
to the name of the era, as proposed by Prof. H. S, Wlllmms, may be
appropnately adopted.

GEOLOGICAL CRITERIA.
CRITERIA DERIVED FROM A STUDY OF THE BTRATA.

The direct method of correlation of the sedim. entary rocks upon geo-
logical grounds is based upon a study of the strata in different areas
and a comparison of their various physical characters one with another.
This comparison may be between strata of closely contiguous areas or

1 Jour. of Geol., Vol, 11, 1894, pp. 145-160.
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between those of more distant regions, or it may even be of a universal
nature. Thus the various classes of criteria are found to have varying
values, some being of local, others of wide application. It is only as
the limitation of each is ascertained that its importance for correlative
purposes is determined in any particular case. '

Continuity of deposits.—Where it can be determined, the continuity
of the deposits affords the simplest and surest means of correlation;
but lithological variation, deformation, erosion, and subsequent burial
of the strata make its universal application impossible. It is, how-
ever, very generally employed within limited areas where structural
disturbance has been slight, and to the geologist engaged in areal map-
ping it affords one of the most satisfactory means of correlation. As
the distinguishing characters of the various geological formations
become more fully recognized, this method of correlation can be more
successfully employed, but at the best it can be used only within rela-
tively narrow limits.

Sitmilarity of materials.—In the earlier days of geological investiga-
tion lithological similarity was almost universally employed for pur-
poses of correlation, and ‘even world-wide chronological comparisons
were often attempted on this basis. As it came to be recognized that
similar deposits had been formed under similar conditions during nearly
every geological epoch, this method became much restricted in its appli-
cation. Still, similarity of materials may be of great value for correla-
tive purposes if controlled in other ways, since it sometimes happens
that strata almost identical in composition are found over considerable
areas. More often, however, the diverse  conditions of sedimentation
caused such a change in the character of the materials, even within
short distances, that this method can be employed with safety only
within very limited districts. )

In general, the deposits formed in deep water are more persistent
than those formed in proximity to the shore or upon the land, since the
character .of sedimentation would be less affected by slight physical
changes.

Some formations are characterized by certain lithologic eiements
peculiar to themselves, although at the same time they may contain
others common to associated deposits. In absence of other means this
has at times afforded the opportunity of wide correlations even when
the strata have been found under quite diverse conditions or in widely
separated areas. ’

Similarity of sequence.—The same sequence of deposits commonly
occurs throughout the area where sedimentation has taken place under
the same set of physical conditions. It is seldom that such conditions
were sufficiently persistent to make correlation upon these grounds
possible throughout any considerable territory, although there are cases
now and then where it is feasible. When this method is employed for
the individual beds of a single formation, it is much more restricted in
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its application than when used for larger units, although in the latter
instance there is greater liability to error.
~ Similarity of change.—Not infrequently rocks may be correlated upon
the basis of the amount of induration or metamorphism to which they
have been subjected. That this can not be of universal and frequently
not of wide application is shown by the fact that rocks of the same age
may be in one place unaltered while under other conditions they may
be indurated or even metamorphosed. Still, it not infrequently hap-
pens that in local areas some form of alteration in the original char-
acter of the strata may serve as the most simple means of correlation.
It has been employed among the pre-Cambrian rocks as the most
satisfactory basis of major classification and correlation.

Similarity of structural relations.—Deposits of a particular age are
commonly changed from their original plane of sedimentation by either.
local or general elevations or depressions. When brought above sea
level, they may be subjected to processes of erosion, resulting first in
surfaces of marked relief, which may ultimately become baseleveled if
the same conditions prevail sufficiently long.

In any event unconformity occurs by subsequent deposition. In
unaltered sediments the line of unconformity is often obscured, and it
is largely by a study of the intrinsic characters of the formations them-
selves that unconformity is inferred. Such unconformities, whether
readily observable or not, are of much importance for correlative pur-
poses when viewed in connection with the data afforded by the adjacent
land surfaces. : : :

As elevations and depressions have not been of universal occurrence
at the same period, unconformity is not a sure index of age for distant
provinces. It is a recognized fact, however, that widely extended
unconformities indicate general continental movements, and thus may
afford a basis of correlation over extended areas even when the phys-
ical and faunal conditions have been different. -

ORITERIA DERIVED FROM A STUDY OF THE ADJACENT LAND AREASB,

‘The indirect method of correlation of the sedimentary rocks upon
geological grounds is based upon a study of the conditions which
existed in the adjacent land areas during the time of deposition of the
strata. Such indices of age may not be employed with the definite-
ness that is possible in the direet method, yet they often afford satis-
* factory criteria for wide correlation when controlled in other ways.

Similarity of land movement.—The effects of either continental or
local movement during any particular geological period are often seen
in the character and volume of the sediments laid down along the bor-

_der of the Jand, as well as in the relations which these deposits hold to
associated formations. If theland surface of a drainage basin lies near
the water level, the degradation is largely of a chemical nature, while
if it stands high above the water level it is more largely mechanical.
Bull, 141—4 ‘
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The attitude of the continent and the extent and character of defor-
mation at different periods during geological history thus become most
important guides in determining the age of deposits, and when they
are known to have been of wide extent, aid materially in bringing into
a consistent grouping strata formed under widely different conditions.

Similarity of topographic form.—The different phases in the degra-
dation of the land likewise afford criteria for the correlation of the
sedimentary rocks, but the conditions of topographic form are so far
determined by land movement that this method of correlation is closely
allied to the-preceding. Each region, as it is elevated above the sea
level, is subjected to degradation, which ceases only when the whole
area is worn down to sea level again or is interrupted by further land
movements. Generally remnants of the earlier surfaces are left for a
time, so that it may be possible to reconstruct the ancient topography

" of & particular period and show the relation which it bears to the rocks
of the same period, thus affording a means of correlation for the latter.
It may also afford an independent method of determining geological
history. '

PALEONTOLOGICAL CRITERIA.

The paleontological criteria have been generally regarded as the
most important, although fossils are often absent from a given area
or from a whole formation, or, when present, may lack sufficiently dis-
tinctive characters to be of any value for correlative purposes.. Never-
theless, when not too narrowly interpreted, fossils afford by far the
most trustworthy guides in the echronological interpretation of geolog-
ical strata. It must be bornein mind, however, that change in physical
conditions has an important influence upon the character and range of
organic forms, and when distant areas are compared with one another
the effects of migration must also be taken into consideration. Such
factors of possible variation, however, must not be allowed too largely
to affect conclusions, since there has been the same general succession
of faunas and floras over great areas, and even throughout the world.

‘With these preliminary considerations the various methods of pale- -
ontological correlation will be further considered.

Identity of species.—It not infrequently happens that the same group
of species may be found to characterize a definite horizon over consid-
erable areas. The number of these identical forms generally decreases
as the distance from the first-studied locality increases. Some species
are thus found to be more persistent in their geographical distribution
than others, and, where restricted in their vertical range, these charac-
teristic or type forms become most important for correlative purposes.

Difference in physical conditions and distance from the first-observed
locality must be taken into consideration, however, as under other con.
ditions the same species may have changed more.or less widely in time,
while its generally slow migration may have caused its appearance at
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a much later period in one locality than in another. ¢Similarity or
identity of fossils amoug formations geographically far apart, instead
of proving contemporaneity, may be compatible with great discrep-
ancies in the relative epochs of deposit” (Geikie.) Still, there are
forms which, on account of their rapid migeation, are almost world-
widein their geographical distribution, and which appear at apparently
the same horizon wherever found. ,

It is thus only, as all the conditions, physical and biological, are
taken into consideration, that the value of specific identity for correla-
tive purposes can be determined.

Similarity of faunas and floras.—~Of much greater significance in the
correlation of the strata of distant areas are the conclusions derived
from a study of the wlole assemblage of forms or the comparison of
the general facies of the fauna or flora, including the species, genera,
and families. It is the general, not the specific, character of the fauna
or flora that thus becomes the basis of correlation. There are forms
which range-through an entire group of deposits and-which serve
to characterize the division as a whole, while there are others which
are confined in range and which serve to charactarize definite horizons
or zones in the major division. The prevalence of such particular
forms constitutes what are known as “life zones,” and all the great
divisions are capable to some extent of being broken up into them,
although they may not be detected at all points. Such life zones may
be local in character, or constant over wide areas, or even universal.
The forms which have been of most value in characterizing life zones
of wide extent have been the graptolites, the brachiopods, the ammon-
ites, and the trilobites. ‘

The subdivisions of a general fauna do not always, however, afford
the same grouping of forms. Regarding such geological subdivisions
Sir Archibald Geikie says: “They must not be assumed to be strictly
applicable elsewhere. Advancing into another district or country where
the petrographical characters of the same formation or system indicate
that the original conditions of deposits must have been very different,
weought to be prepared tofind a greater or less departure from the first
observed or what we unconsciously and not unnaturally come to look
upon as the normal order of organic succession. There can beno doubt
that the appearance of new organic forms in any locality has been in
large measure connected with such physical changes as are indicated
by diversities of sedimentary materials and arrangements. The Upper
Silurian stages, for example, as studied by Murchison in Shropshire
and the adjacent counties, present a clear sequence of strata well défined
by characteristic fossils; but within a distance of 60 miles it becomes
impossible to establish these subdivisions by fossil evidence. Such facts
warn us against the danger of being led astray by an artificial precision
of paleontological detail. Even where the paleontological sequence is
best established it rests, probably in most cases, not merely upon the
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actual chronological succession of organic forms, but also, far more
than is actually imagined, upon original accidental differences of local
physical conditions.” Prof. H. 8. Williams says upon this point, in the
article previously cited: ¢ The life period of species is not uniform, and
the wider the distribution the longer is, as a rule, the range; so we
find in practice that with the greatest knowledge of fossils it is rarely
possible to discriminate age to a finer degree than that indicated by
the periods Eocambrian, Mesocambrian, and Neocambrian, or smnla,r
periods for the other eras.”

The intermittent occurrence of particular assemblages of species is -
often brought about by varying physical conditions by which certain
portions of a common fauna find alternately a favorable and an unfa-
vorable habitat. Thus deposits composed of sandstones and limestones
not infrequently show such repetitions of forms. They must not be
confounded with life zones.

Although faunas may remain moderately constant over-considerable
areas during approximately the same period, the time involved in their
migration to distant regions must likewise be taken into consideration,
as it is evident that the appearance of the same fauna in two widely
separated districts can not have been synchronous. Itis thus even
within the range of possibility for an inversion of faunas to occur as the

“result of intermigration.

Zoological provinces also have been found at all periods since the
Cambrian, and, except where clearly defined life zones occur, only the
geueral chara.cters of the contained faunas can be compared. '

Stage of evolution.—This method of correlation, which depends upon
a very intimate knowledge of the succession of organic types, has been
loug employed in a general way to indicate the approximate age of for-
"mations whose stratigraphic position is unrecognized and which contain
hitherto unknown species and genera. Recently some attempts have
been made to restrict this method to the more definite determination of
geological horizons. The claim is made by Professor Marsh -that in
the Mawmmalia the position of the fauna in the geological column can
be determined from its stage of evolution. Although this method is
undoubtedly of great importance within certain limits, varying physical
conditions have so largely affected the development of life that it is
impossible to conceive of its reaching the same stage of evolution every-
where. This is clearly brought out when the varying rates of progress
in floral and in faunal evolution in the different portions of the globe are
contrasted. It has been found that a certain stage of evolution in plant

~ life, which was found to be contemporaneous with a certain stage in
animal life in one portion of the globe, has become contemporaneous
with a higher or lower stage, as the case may be, in another portion.
Similar inequality in the rate of evolution is frequently seen, also, when
vertebrate and invertebrate life are compared. It seems highly prob-
able that the same inequality in the rate of evolution of each group of
animal and plant forms may occur under changed conditions of life.
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This method, therefore, must lack precision, but it may at times be
employed advantageously when other methods fail.

Relative number of living species.—This method of correlation, which
was proposed by Sir Charles Lyell, depends upon the percentages of
forms belonging to living species found in the deposits. It was applied
to the Tertiary, certain standard percentages being assumed to indi-
cate the divisions proposed. 1t is at times useful, in the later forma-
tions, where other methods can not be employed, but as faunal change
has not been the same in all regions, conclusions derived by this method
can be approximate only.

GENERAL CONCLUSIONS.

As the different methods of correlation are examined in retrospect,
the interdependence which exists between the various classes of phys-
ical and. biological criteria becomes clearly manifest.

The faunal and floral characteristics of a formation find their full
interpretation only as the physical factors are clearly understood, since
the geological and geographical range of forms is determined to alarge
extent by conditions of sedimmentation. The physical characters of a
formation therefore bear a close relationship to its contained fossils, and
can not be ignored in the correlation of the deposits.

Although the most trustworthy correlations are based upon paleon-
tological data, the possibilities of variation in the succession of organic
forms in two distant areas are so great that detailed correlations can
seldom be satisfactorily attempted, even where general equivalence is
recognized.

The geologist therefore must take into consideration both the geolog-
ical and the paleontological criteria in the correlation of the sedi-
mentary rocks. No class of facts can be ignored.

APPLICATION OF THE CRITERIA TO THE CORRELATION OF THE
EOCENE STRATA OF THE MIDDLE ATLANTIC SLOPE.

‘When we come to employ one or another of the several classes of
criteria above described in the correlation ot the Eocene deposits of the
Middle Atlantic Slope we find that they have varying values—values
dependent upon whether the attempted correlation is made between
deposits within the province or with distant regions.

CORRELATION WITHIN THE PROVINCE.

GEOLOGICAL CRITERIA.

Ashasbeen already indicated, the Eocene strata of the Middle Atlan-
tic Slope can be traced almost continnously from central Delaware to
southern Virginia, and in their unweatherd state they are also remarka-
bly similar in lithological characters throughout this distance. At the
same time their relations to underlying and overlying formations are
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everywhere much the same, although in passing from Delaware south-
ward into Virginia, where the basal beds rest unconformably upon the
Potomae, the Eocene deposits encroach more and more upon older
formations. .

Similar effects of change by weathering and induration are widely
found in the strata, but the weathered beds and indurated layers are
not always present at the same horizon throughout the area. In con-
sequence the same sequence of deposits dependent upon these changes
is generally limited in extent. On the other hand, when the materials
are unweathered their homogeneous nature renders this method of cor-
relation of little value.

From the above statements it is evident that the deposits within the
province may be correlated on physical grounds alone when they are
viewed as a single geological unit, while their individual members can
generally be traced only for short distances. '

PALEONTOLOGICAL CRITERTA.

Two clearly marked stages have been already described in the Poto-
mac River section, each characterized by a particular assemblage of
forms, viz, the Aquia Creek stage and the Woodstock stage.

The Aquia Creek stage is the most widely developed, and has been
traced all the way from central Delaware to southern Virginia. It
oceurs with' its typical fauna along the Chester River, on the eastern
shore of Maryland, and in the bluffs of the Severn River, South River,
Piscataway Creek (including the Fort Washington section), at Gly-
mont, at Clifton Beach, and at many other points on the western side
of the Chesapeake. These localities afford one or more of the zones
from 2 to 9 of the Potomac section, although the local sequence of beds
is somewhat different in each case. In general, however, Cytherea ovata,
Crassatella alwformis, and Dosiniopsis lenticularis may be regarded as
most common in the lower part of the series, while Turritella mortond
particularly characterizes the upper layers, as in the Potomac area.

Portions of the South River region and the area about Upper Marl-
boro afford a few forms not found in the lower beds, including Calyp-
trophorus jacksoni and Pectunculus idoneus, the latter being common in
the Woodstock stage. Otherwise the species agree most closely with
the lower fauna, although they may represent a horizon slightly higher
than the typical beds of that stage. An examination of the Upper
Marlboro section will show the main fossiliferous zones to be succeeded
by over 50 feet of Eocene greensands, in which the few traces of fossils
have been insufficient to show their faunal relations.

South of the Potomac area the Aquia Creek. stage has been observed
on the Rappahannock, Pamunkey, and James rivers, the best locality
along the latter stream being found at City Point and vieinity.

Upon faunal grounds the Woodstock stage has been identified only
in Maryland, in southern Charles County, at Popes Creek and vicinity,
although the position and lithological nature of some of the beds on
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the Patuxent River and the Chesapeake Bay shore indicate the pres-
ence of beds of that horizon. ‘

To the south of the Potomac area are highly fossiliferous strata con-
taining fossils of this stage, both above and below Front Royal on the
LRappahannock, in the vicinity of and below Hanoverville on the
Pamunkey, and at Ivergreen and Tar Bay, as well as at other points on
the James River.

The Evergreen section is less distinctive than that at Tar Bay and
probably underlies the base of 17 in the Woodstock area, and it should
therefore probably be correlated with the upper portions of 16.

The thick bed of Ostrea selleformis at Tar Bay has its approximate
equivalent in the thinner layers of the same species at Hanoverville
and Woodstock.

CORRELATION WITH OTHER PROVINCES.

By common consent the diversified and extensive deposits of the
Gulf area have come to be regarded as the type for the eastern border
region, and the various Eocene deposits of the Atlantic Coast States
have been assigned to a position in this series, although very different
limits have been given by the different authorities.

The Kocene deposits of the Middle Atlantic Slope have been regarded
by some as representing a single minor division of the Gulf section,
while others have regarded them as the equivalent of.a larger portion
of that series. The latter conclusion seems to the writer, after a con-
sideration of both the geological and the paleontological data, to be the
only tenable position. In the past too little attention has been given
to the geological phenomena, while at the same time the knowledge of
the fossils has been wholly insufficient for a proper interpretation of the
faunal characteristics of the formation.

GEOQOLOGICAL CRITERIA.

The lithological and stratigraphical characteristics of the Eocene
deposits of the Middle Atlantic Slope afford some important criteria
for the correlation of the strata. In the first place, the homogeneous
nature of the materials, already referred to, is a significant feature,
and indicates conditions undisturbed by important physical changes
throughout the period of Focene deposition. Again, the fact that the
strata are so largely made up of secondary materials shows that the
position of accumulation was in the vicinity of a coast reached by no
large rivers bearing sediment, while also, for the most part, sufficiently
removed from the coast line to be unaffected by shore conditions. Itis
further evident that these deposits, which are so largely glauconitic,
were very slowly accumulated, as has been shown in the case of the
formation of greensand upon the beds of seas now existing.

Now, when we compare these conditions of accumulation in the Mid-
dle Atlantic Slope with the conditions that prevailed in the Gulf region
marked differences appear. In the latter area nmmerous rivers draining
the interior of the continent discharged great quantities of material
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throughout much of Eocene time, making the deposits highly diversified.
Instead of the greensands and greenish and black clays of the Middle
Atlantic Slope, which no longer to any large extent characterize the
strata, are found coarser beds of sand and clay, often partly calcareous,
which give every indication of more rapid accumulation. To compare,
therefore, the 200 to 300 feet of greensands and clays of the Middle
Atlantic Slope with one or two subdivisions of hardly equal thickness
in the Gulf region would scarcely be attempted, even upon geological
grounds, without the aid of fossils. The strata of the Middle Atlantic
Slope must be represented in the Gulf by deposits many times their
thickness. ‘

The general relations of the strata, occurring as they do between the
Cretaceous and Neocene along both the Atlantic and the Gulf coasts,
give some indications of the continental movements to. which each
province was subjected. Although the movements may not have been
absolutely contemporaneous, they nevertheless afford satisfactory cri-
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