vz

gy

DEPARTMENT OF THE INTERIOR e,

’

BULLETIN

OF THE

UNITED STATES

GEOLOGICAL SURVEY

WASHINGTON
GOVERNMENT PRINTING OFFICE
1892






UNITED STATES GEOLOGICAL SURVEY

J. W. POWELL, DIRECTOR

-

CORRELATION PAPERS

NEOCENE

BY

WILLIAM HEALEY DALL

AND

GILBERT DENNISON HARRIS

WASHINGTON
GOVERNMENT PRINTING OFFICE
1892






CONTENTS.

Letter of transmittal, by G. K. Gilbert. ... .oov.eeaeeemimiiinnaiannnaenaa.a.
Outline of this PapPer._ ... . oo i i i e aaaa
Introduction . .o oeeeoe o et ieieea e ecnaceiaaaa.
CuAPTER I.  General considerations........... . ..ol il
Early classification of American Cenozoic beds......................o ...
Boundaries of the subdivisions of the Cenozoic...........................

B D07 1 - T Y
MIOCONO - o oe e i e
PUHOCENE . .. ettt eteeieeaeaaeeaeaaa.
Geographic provinces of American Neocene ... .. .....o..o.oooooco.ioL.
Principles of classification..... ... .. Ll

Table of zones with census of fauna....... ... ..ol
Conclusions from the table.. ... . ... ... ... ... ...l
Difficulties in correlating faunas™ ... ... . ... . ... .ol

L0703 1Y) LT3 2 1T SN :

11
13
15
18
18
20
20
21
22
22
22
25
.27

31

CHAPTER II.  Summary of our knowledge of the Neocene of the Atlantic and
Gulf coasts of the United States, considered by states .....................
Submarine strata off Newfoundland and southward to Cape Cod..........
B 04 U ceee
New Hampshire. ... oo oot it i i et it e cecctcaccbaaas
B3 3 11T 1 R
Rhode Island ... .o it i eiaie e
Magsachusetts .. ... ..o oo i ieeaae e
Mainland . ...ooin i iiieciceeecaeoaeaaaa
Deposits on the islands off the mainland. .... .. ... ... ... .
Nantucket. . .. ..o vnin i it eeeaeas
Marthas Vineyard. ... ... oo e i iiii i e ciinceaaas
NaushoN . o e i i i i e e eiceiecaetaeaaa.
3 5
Long Island ... cooo oo et e
N oW J T8Oy - e c ciee cee et i m e it e cieacimeaciecieacanaanan
The Miocene marls. .. ... ..o iiie it iiaiiaecaaaeanas

Cenozoic sands ........

Pennsylvania ... .o i ici e
Delaware . .. oo e it i e e icie i eceaa e ..
Maryland. .. .oooon i i it eaeaes et aenn
Eastern-shore MioCene . oo cnunen iveveeeiccee e e ccaecsvaceencans
Western-shore MioCene. . oo . ..o iiiiee i iaeiieerceecacaenacannnnn
Post-Miocene deposits ... ... .ocoui i e
VALGIDia - ce e e e e e,
River sections .. ... ..ot i ettt it

PESBBELRERERRIVBVER

ELREGSBESR



6 CONTENTS.

CHAPTER II. Summary of our knowledge of the Neocene of the Atlantic and
Gulf coasts of the United States, considered by States—Continued.
North Caroling . ... .. e it it icec e e ceee e
Miocenerocks..... ... iiiiiiiiiiilLl @ e eecanencoee e
Pliocene TOCKS . ... .ot it i e it e iae e

Introductory.. ... ... i iiiiiieieiiiiaaas
Topography of the Florida peninsula........oo... ..o ..o e,
Origin, character and decay of roeks.... ... .. ......o...oo..o...
Profiles from lines of railway levels. ... . .. ..o . .oiiiiiioiaioann
Central lake region..... ... ... . ........... e et eeeaeaaaas
Northwestern Florida. ....oovvut oottt iiiiii it iae it iiaannas

- Southwestern FIorida. « ... ooiioniiii i i i eeiiieecaaeaannnn

Stratigraphy of Florida....... . ... ...
Eocene ToCKS. . ... i i e i e
Miocene TOCKS. - ..o .o et iaaaeaaan

General distribution of the Floridian Miocene. ..................
Pliocene deposits - . ... .o i iiiiaaaans
Phosphatic deposits............. e e eme e eeaeeat et aiaan e
Marine Pliocene beds ... ... ... it
Pleistocene and recent deposits..... ... . ... il

Recent rock formation ... .. ... .. iiiiiiiiiiiiiiiiiiiian.
Scheme of the Floridian Cenozoie rock8...... .o oot .iiieeeiinoancanaan
Thickness and dip of the strata...... .. ... ... ... .. ... .......

W BN 1T 1 U PR
Grand Gulf group ... oo i i e
Lafayette formation ... .. ... . i
BT EET: 1 1) o AR
Grand Gulf group. ...l e et eeeaeaeaeaa
Lafayette formation. .. .. ... . .. .l iiiiiiiiiiiaaans

Grand Gulf group. ... ... iie i i i aeaeas
Lafayette formation. .. .. ... .ot i
OSSO - n ccce e e oo ie oot e e et ceaecceneceneaaeaannn
Lagrange group .. .......ceoie it ree e ceee e
Kentueky «oocee vomemn i i e e
Lagrange group..................... e eee et aeeeeeceaeecaenaans
T D008 -« o e e e e e e e et ctteiacaceanae e aaan

Grand Gulf growp.......ccooiiioin i i e

Lake beds of the Interior..........ooo it i iieaencanan
CHAPTER III. General considerations on the later Atlantic Tertiaries........
Correlation of American and exotic Neocene....2. ... ..o iiiaaioenan..

Page.

68
68
4
74
(i
80
81
81
84
85
85
86
87
89



CONTENTS. ' 7

CoapTeR III. General considerations on the later Atlantic Tertiaries—Con- Foge
tinued.
The Eocene island of Florida...... .ocoeviiiiiniii oL, 181
The Great Carolina xidge ...... ... oie i 182
Contact of Eocene and Miocene............oooiiiiiiiiiiiiiaaa... 183
Warm and cold water Miocene... . .. ..ooeiemmiiiiiiiiieniniianaaas 184
Grand Gulf Perezone. ........c.eeecieeimmiiiieiiiiiir e 187
Lafayette perezome...... ... oeeiiiiiinmmor ettt iaei e 189
Pliocene deposits.......oceueuienn i 191
Table showing the vertical range of the Neocene formations of the Atlan-
BIC €0ASY. ..ottt e i " 193
Cuaprer IV. Summary of our knowledge of the Neocene of the Pacific coast
of the United States and Canada, considered by States.................... 194
Callfornia ... i i i i i iaia et . 194
The Great Valley of Californin. ....... ... oo il 194
The Livermore valley. .. ... ioit ittt ia e iiiatiaee s 198
Stratigraphy, Coast Ranges. ... ... .ol 200
Division north of the Golden Gate........ et aeaeeaaaas 200
Division south of the Golden Gate........_._............. ... 203
The Sierra Nevada. .. oo veeienoniii i 217
The Auriferous gravels ...... ..o oLl U 219
Human remains in the Auriferous gravels...... .. ... ... ..... 221
L0 223
Pacific border.... ... iiiiiiiiiiaa.. e 223
Columbia River. ... oo il 223
Willamette River.... ..o oan oo il 226
Washingbon ... .o 227
Pacific border. ... ..o i 228
Central basin............. e eeeeeaeeeeeeeaeeeatasaeeeoae e 228
British Columbid. ... .nuenr it it 230
Neocene of the coast...... ... .. oo .ol 230
Neocene of the region east from the coast ranges.............. feeee 231
7 T R 232
General notes on therocks ... ... ... .ol e 232
Miocene of the Kenai group.... ... .co. ... ol 234
Lignitic beds of the Aleutianislands ............... ... ... 242
Cape Beaufort coal-measures ........ ... it 249
Correlation of the Kenai series .............o. ..., 249
Miocene of the Astoria group.........coooiiiiiiaiiillL 252
Table showing distribution of the fauna of the Astoria group........ 253
Enumeration of special localities. ... ... ... il L 255
PLOCENO . . e e e e e it eeee e 259
Beds of marine origin. ... .. ... ool 259
The Ground Ice formation......... ... ... oo, 260
The Kowak elays. ... it cae e ceieeecaannns 265
Distribution of fossil vertebrates.... .. . ... ... ...l 266
Origin of the ice and clay formations ... . . .. ... ... . .. .. 266
Volcanic phenomens. ... oo 268
Notes omthe map. . ... i e 268
Pleistocene ... ....ooen i e 268
CHAPTER V. General considerations on the Cenozoic epoch on the Pucitic
coast of North America....... ... iiiiaiiiiaL. et 269
California, Oregon, and Washington..._ ... ... ... .. ... .. 269

British Colambia. ... AL i, 273
Al . o i e tiiiiieeeeiicecceacacccccacaaaatacaacanaacana 276



8 CONTENTS.

CHAPTER V. General considerations on the Cenozoic epoch on the Pacific
coast of North America—Continued.
Table indicating conditions existing during Cenozoic time in regard to
changes of level and the prevalence of volcanic emissions on the north-
west Coast. ... i
Table showing the vertical range of the Neocene formations of the Pacific
71
CHAPTER VI. Summary of our knowledge of the supposed Neocene of the
Interior region of the United States, considered by States..................
[0 -7
. Fresh-water Tertiaries....... ... . ..o il
Pliocene lake beds.... ... .. ... .. .. ...l

4 1 T0) LT TN10 {011 S S
Salt Lake @rotp ..o e e i it ie i iee e
.03 7 £
Neocene lake beds. ... ..o i i
North Dakota. ... co.e i e e et e e
White River beds.... . .. ... i
South Dakota. ... . ..o i
White River group. ... oo ool
Loup Fork growp .. ..o i i e
Nebraska - oo e i iiiieiieiaaan
Tertiaries of White and Niobrara rivers........ ... ... ... ..
Loup Fork group..... cou et
Pliocene Equus beds ... . ... i it
Paleontology - - une e i
2D 1 1
Indian Territory. ... ..o oo i i
New MeXiC0. oo i it et ceie i et e tea et e aaas
L8723 03 < 20
Loup Fork and White River groups... .. .ccoviemiieaian i aan..
Pliocene beds . ... .o i it
Monument Creek group........c.ooot ittt it an
B £ UL
Cenozoic eruptives.. ... o.oiiviiiiiiiiaia... e et
Sweetwater Pliocene. ... .. .. ... .. . iiiiiiiiiiiliiiiiiian.
Wyoming conglomerate.......... ... ... ... P
White River group -..... ... . . i
L7
Humboldt group.... ... ... i eeeens
Wyoming conglomerate.... ... .. ..o ..ot e

Truckee SrouP .. .oue oot it et et e e
Humboldt group. .. ... ue o o e e e e

Table showing the vertical range of the Neocene formations of theinterior

Y 0 U1
Notes omthe Map. ... ..o it iiiiii ettt feeen
Cuarrer VII. List of names applied to Cenozoic beds and formations of the
United States, excluding the Laramie.... ... ..o .o iiiiiiiaiiiaa..

Page.

278
279

280
280
280
282
285
285
286
287
287
288
288
289
989
292
293
293
296
208
299
299
301
301
304
304
305
308
309
309
310
311
311
312
312
313
313
313
315

317
318



Prate 1. Geologic map of Florida. ... eeeeaieor i iieii i
II. Map showing the known distribution of the Neocene formations

in the United States. ... .ceoeeomin i

II1. Map showing the known distribution of the Neocene formations

AN AaSKA - it iaaas

Fia. 1. Section of artesian well at Winslow, Salem County, New Jersey......
2. Section of well at Atlantic City, New Jersey. ... ccceeoaeeaacaannn.
3. Section of well near Blackbird, New Castle County, Delaware........
4. Section at Wales’s mill dam near Smyrna, Delaware ... ..............
5. Generalized section on Tydbury branch and Jones Creek, Kent County,
DelawWre - ..ot i iieiemae et eieacsieeaeeaeeesaaaaaas

6. Section at Springmills, Frederica, Kent County, Delaware............
7. Section along the Patuxent, after Conrad ... . ... ... :
8. Diagram showing cavities in shell marl filled with sand, near York-
town, Virginia ... ..ol

9. Section on Roanoke River, North Carolina ................. e eeeaaan
10. Section on Tar River, North Carolina......... ... . .. ... ... ...
11. Section on Tar River, North Carolina ... .. ... ... ... .. .. ...
12. Section on Neuse River, North Carolina............. ... ... . ...
13. Section on Cape Fear River, North Carolina.................. .. ...
14. Section above Brown’s Landing, Cape I'ear River, North Carolina....
15. Section at Brown’s Landing, Cape Fear River, North Carolina........
16. Section at Black Rock, Cape Fear River, North Carolina. .........._.
17. Profile from San Pablo Beach, Duval County, westward to the Suwa-
nee River, IMorida. ... ool iie il

18. Profile across Florida from Indian River, Brevard County, to Tampa
By - o e e

19. Profile across Ilorida from Fernandina, Nassau County, to a point near
Cedar Keys, Levy County .. ... cooe it it iiiiiia i

20. Profile from Callahan, Nassau County, to Plant City, Hillsboro Couuty,
T3 0 (G U

21. Section in central Florida, illustrative of Hawthorne heds............

22. Section on the south bank of the Caloosahatchie River, Florida .._...
23. Section .at Grand Gulf, Mississippi.....coomiiii il
24, Section one-half mile north of Terry, Mississippi -...................
25. Section at Loftus Heights, Fort Adams, Mississippi ..................
26. Section at ‘“Barnes’s white bluff,” Mississippi........................
27. Section at Harrisonburg, Louisiana........o..oceeeioiiiiiii i,
28, Section at the Chalk Hills, Louisiana. ... ..c.ceceveaceaeccaeaennnanns

ILLUSTRATIONS.

47
48
54

60
68
69
69
70
70
70
70
-1

90
90
91
92

108
144



10 ILLUSTRATIONS.

Page
I'16. 29. Section at mouth of Barton Creek, Colorado River, Texas .... ...... 173
30. Section at Sulphur Bluff, Brazos River, Burleson County, Texas . .... 174
31. Section along southern shore of San Pablo Bay, California........... 203
32. Section fromn near Pacheco to the Canyon del Hambre .............. . 204
33. Section neax San Miguel, California...... ... ..ol 210
34. Section from Santa Margavita Valley to San Luis Bay............... 211
35. Section of Santa Lucia Range somewhat south ot Fig. 34....... ... 211,
36. Section across Santa Inez Mountains......... o ool i, 212
37. Section across Santa Inez Mountains.............. e teereecaeaanaa 212
38. Seetion across Sunta Inez Mountains..._ ........ ... ..ol 212
39. Section from the Pacitic to the Santa Inez chain at Santa Barbara... 213
40, Section at San Emidio Canyon....... .coc.iiiiiiiiiiiiaiiiaanaannn 213
41. Section across the Santa Monica and Santa Susanna ranges extending
northwest from the plain of Los Angeles.......................... 214
42, Section across the Sierra Monica.... .. ... ... ... .. ..l ceve-e 214

43, Section in eastern Colorado. ...ceeeeeiover i iinan. J R 11 &



LETTER OF TRANSMITTAL.

<

DEPARTMENT OF THE INTERIOR,
U. S. GEOLOGICAL SURVEY,
DIVISION OF GEOLOGIC CORRELATION,
Washington, D. C., July 12, 1891.

Sir: I have the honor to transmit herewith a memoir by Messrs.
William H. Dall and Gilbert D. Harris on the Neocene of the United
States, prepared for publication as a bulletin.

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

The present essay is the fifth of a series, having been preceded by
essays on the Carboniferous and Devonian, the Cambrian, the Creta-
ceous, and the Eocene, prepared severally by Messrs. Williams, Walcott,
‘White, and Clark, and constituting Bulletins 80, 81, 82, and 83.

Besides assembling and systematically outlining the published mate-
rial available for the correlation of the Neocene formations, the memoir
malkes important original contributions based on personal investigations
by Mr. Dall in the field and in the laboratory. In respectto Florida
these contributions are so important that it has seemed best to expand
the chapter on that State so as to include praectically all that is known
of its geologic history.

‘While using freely the terms of the Lyellian classification of the
Cenozoic, the authors are of the opinion that the correlation of individ-

1



12 LETTER OF TRANSMITTAL.

ual American formations is impracticable; that all the present classifi-
cations and correlations are provisional merely; and that in the nature
of the case it is not to be expected that even the major divisions of
European Cenozoic classification can be paralleled with synchronous
divisions in America. Their use of the terms XEocene, Miocene, and
Pliocene is analogous to that defined by Huxley as homotaxial.
Very respectfully, your obedient servant,
: G. K. GILBERT,
Geologist in charge.
Hon. J. W, PowrLL,
Director U. 8. Geological Survey.



OUTLINE OF THIS PAPER.

This paper, after discussing general principlef connected with the study and de-
scription of the Tertiary or Cenozoic rocks and fossils contained in them, takes up
the Neocene deposits of the United States in particular.

A chapter is devoted to a summary of what is known in regard to the Neocene
of the eastern coast of the United States, each State in geographical order being
separately considered, beginning at the north, The State of Florida, in regard to
which much unpublished information was available, being entirely composed of
Cenozoic rocks, and therefore as a type of such structure peculiarly interesting, is
treated of in greater detail and more at length than in other cases. The part of this
essay relating to the State of Florida is really a preliminary geological report on
that,State, of which the structure has hitherto been very littlo known. The impor-
tant fact that until the Pliocene period Florida, so far as it was elevated above the
sen, was an island separated {from the mainland by a wide strait, is here first demon-
strated. It is also shown that the strata are probably gently folded lengthwise of
the peninsula, and that in the trough now occupied by the “lake region” of Florida
in Pliocene time a large lake probably existed, to which the name of De Soto has
been applied. The age of the remains of fossil vertebrate animals, which in south
Florida are associated with the so-called “pebble phosphates,” is here definitely de-
termined.

After discussing by States the character and distribution of the Atlantic Neocene,
a chapter is devoted to the consideration of the general geological movements and
fluctnations of land, sea, currents, and water temperatures which appear to have
been concerned in producing the characteristics described.

In like nanner the Neocene geology of the Pacific Coast has been treated,
and in addition to that of California, Oregon, and Washington, a synopsis of data
relating to British Columbia has been included, together with a sumnrary of what is
known in relation to Alaska during this epoch. The latter discussion contains a
large amount of material extracted from unpublished notes covering some fifteen
years’ study and exploration by W. H. Dall in the Alaskan region, and thercefore adds
materially to the sum of our knowledge in regard to that part of the United States.

The Great Interior region of the West is then taken up, and a summary of our
knowledge in regard to its Neocene geology is brought together for the first time.
‘While this is necessarily far from perfect, the very fact that such gaps exist will
stimulate the collection of information to supply the missing links.

The essay closes with a list of names proposed for geological beds, groups, and
formations in the American Cenozoic strata and ‘a description of the data upon
which the coloration of the general map is basced.

13






THE NEOCENE OF NORTH AMERICA.

By WiLLiaM H. DALL AND GILBERT D. HARRIS. .

INTRODUCTION.

This paper has been prepared at the request of the Director of the
U. 8. Geological Survey as one of a series of essays on American geo-
logic systems, with the view of presenting a summary of the state of
our knowledge of the Neocene of the United States. This summary
being needed by a stated time, it has been necessary to attempt only
what could be done in a satisfactory manner within that period, rather
than what wmight have been practicable with unlimited time at one’s
disposal. It will be understood, therefore, that absolute completeness,
however desirable, was neither attained nor sought. It is believed,
nevertheless, that referenee has been made to all facts of serious impor-
tance within the scope of the paper as planned.

It will be understood, to begin with, that the scope of this essay isnot
intended to include matters lying within the field of paleobotany, ver-
tebrate paleontology, or the vulcanology of the American Neocene.

To sketch, from researches into the literature, the extent and charac-
ter of the Neocene deposits on the coasts and in the interior regions ot
the United States; to point out the sequence of the chief modifications,
faunal and physical, of the regions concerned during the periods stated ;
to enumerate the names applied to geologic formations, beds, etc.,
included in the American Neocene; to refer to the chief sources of
information bearing on the subject; and to indicate the work most
urgently needed to be done in order to supply deficiencies in our knowl-
edge;—these have been the objects kept in view.

It has been found impracticable at the present time to do more for
the Interior region than to summarize the literature. Any attempt to
correlate fresh-water deposits of limited extent with each other or
with the marine beds laid down in the coast regions, presents such
difficulties that authors differ greatly among themselves. The infor-
mation, especially the knowledge of the fauna of these various beds,
notwithstanding all that has been done and the extensive literature
-which exists, is extremely fragmentary and imperfect when the whole
field is considered. It has been found impossible to map some forma-
tions of which the age is pretty well determined from the vertebrate

15



16 THE NEOCENE OF NORTH AMERICA. [BULL. 84.

fauna, for the reason that authors have frequently refrained from stating
the exact provenance of the fossils which they have deseribed.

The small scale of the map available for use in this connection has
also tended to give this part of the present work a general rather than
a detailed character. This, perbaps, would have been advisable at any
rate on account of the imperfection of our present knowledge.

Time has not been available for researches into the literature of
such extra-limital regions as Mexico, the Antilles, Gree land and the
Dominion of Canada, which might very properly have & sen correlated
with those relating to our own territory.

Nearly all the literature of importance in the gencral history of
research into the geology of the Neocene of America ha; been referred
to by footnotes in the course of this essay. This litera ure is hardly
to be separated as a class by itself from the general lit srature of the
American Cenozoic. The names of Say, Conrad, Ljell, Lea, and
Rogers are eminent among those who have contribute . most to the
progress of knowledge in this direction, to say nothing of others who
are still living. The same names would hold a similar 1 reeminence in
a discussion of the Eocene. To separate the history of research into
the Neocene from the other geological investigations with which it-was
originally associated and is more or less firmly linked, has appeared a
work of too little interest or importance to occupy time which could be
otherwise profitably employed ; and therefore it has not been attempted.

The character of the topography associated with the rocks of this
series is referred to in the local discussions of particular regions. The
rocks of the system, as a whole, have no such topographic distinctness
from lithologically similar rocks of other epochs as would make it prac-
ticable to diagnose them without a knowledge of their fossil fauna.
Indeed, one of the most necessary reforms in Cenozoic nomenclature is
the elimination of such mineralogical designations as ¢ White lime-
stone”, “Rotten limestone”, ¢ Lignitic”, “ Buhrstone?”, etc., for geolog-
ical formations, However applicable they may be in describing single
strata of a single section, the belief in their distinctiveness as applied
to larger areas is responsible for much confusion. It has happened
that strata ranging all the way from the Cretaceous to the Upper Mio-
cene have been correlated and discussed as a single stratigraphic unit
because they were all suitable for use in building chimneys. While
this may be regarded as an extreme case, yet the principle is applicable -
to all the names above cited, and numerous others.

Publications like the present are useful much as are milestones on
public roads. They show us approximately how far we have gone and
suggest by implication how far we still have to go. Iully aware of
the inevitable imperfections of the present summary, reflecting as it
does both the imperfection of our knowledge and the limitations of
those concerned in its preparation, the writers hope that its very faults
may stimulate new and more thorough investigation leading to wider
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and more accurate knowledge ot the rich and interesting system of
which it treats.

From the perfection of its fossils and their close relationship to exist-
ing fauras the paleontology of the Neocene has for the biologist a
unique interest. Nowhere is there a more perfect succession of fossil-
iferous beds of this epoch than on the Atlantic shores of the United
States. We may therefore anticipate the inscription of a really epoch-
making page in the history of organic evolution when the record of
these faunas shall have been perfected.

As regards the division of labor between the senior and junior
authors of this paper, it may be stated that the work of searching the
literature and bringing together the scattered data relating to particu-
lar States or regions has been largely performed by Mr. Gilbert D. Har-
ris. For the revision and correlation of this material and for the whole
of the chapters on Florida, British Columbia and Alaska, and the gen-
eral discussions embodied in the essay, Mr. Dall is responsible. The
list of formations, which, short as it is, has cost much labor and corre-
spondence with authors who have proposed the names, has been pre-
pared by Mr. Harris, who has also prepared the chapter on the Interior
regiopn.

Bull. 84—2



CHAPTER I.

GENERAL CONSIDERATIONS.
EARLY CLASSIFICATION OF AMERICAN CENOZOIC BEDS.

The original division of the Tertiary formations into Eocene, Miocene,
and Pliocene by Deshayes and Lyell on the basis of the supposed per-
centage of living forms in their fossil contents was, early in the history
of American geology, applied by Lea! and Conrad to the Cenozoic beds
of the Atlantic coast.

The discrimination of the Chesapeake Miocene from the Eocene, as
soon as the beds and fossils were studied, followed as a matter of course.
The gap between them, which farther south is partly bridged by strata
of the Tampa and Chattahoochee groups, sufficiently emphasized the
distinction thus drawn. Lea,in the publication above cited, doubting
whether any Miocene in the European sense had been observed in
Ameriea, referred the Miocene of Virginia, Maryland and New Jersey
to the ¢“Older Pliocene” of Lyell, a term equivalent to Pliocene of our
present notation; the “Newer Pliocene” being what we now term Pleis-
tocene. ’

About the same time Conrad® had divided the Tertiary into Upper
Marine (Miocene), Middle Tertiary (Eocene), and Lower Tertiary, fol-
lowing the system of Conybeare and Phillips; but in the second edition
of his cited work (part 4, p. 36) he adopts the nomenclature introduced
by Lea. Three years later® he substituted for “Older Pliocene” the
term ¢“Medial Tertiary” (p. vI) which he still regarded as the equiva-
lent.of Pliocene (cf. p. 45). The use of the term Miocene as applied
to the American strata now known as such was established by Conrad in
1841, in a communication* to the National Institution of Washington,

!Contributions to Geology, by Isaac Lea, Philadelphia: Carey, Lea, and Blanchard. 1833. 8°. pp.
227, 6, pl.; cf. pp. 18-21.

.?Fossil shells of the Tertiary formations of North America, by T. A. Conrad, Philadelphia, the au-
thor, 1832, 8°. Introduction, pp. 9-14; 2d edition. Mar., 1835.

3Fossils of the Tertiary formations of the United States, Philadelphia: J. Dobson. 1838. 8°.

4Observations on a portion of the Atlantic Tertiary region. Proc. Nat. Inst., 1841, 2d bull., p. 177;
published in 1842, Tsaac Lea, in his Contributions to Geology, 1833, p. 158, places the  Upper Tertiary
(Conrad) of Virginia” in apposition to * the Miocene of Lyell.” 1n the same work, however, on page
211, he refers the fossils at St. Marys, Md., to the * Older Pliocens of Lyell.

Conrad used the term Miocene in the first edition of the introductory part to the republication of
No. 3, Fossil Shells of the Tertiary Forwmations, 1835, p. 36, in designation of that portion of the now
so-called Miocene which onterops at Stow Creek, N. J., Charlotte Hall, and Choptank River, Maryland,
and is characterized by I’erna mazillata Lam. In the second edition of this introduction these locali-
ties are placed among those of the Older Pliocene.

W. B. Rogers used the word Miocene as now understood April 8, 1841, before a meeting of the Asso-
ciation of American Geologists. See Silliman’s Journal, 1841, volume 41, p. 175.

18



DD EARLY CENOZOIC CLASSIFICATION. 19

in which he gives a table of the supra-Cretaceous deposits of the At-
lantic coast. In this the absence of the Pliocene between the Miocene
or Medial Tertiary and the Pleistocene or Upper Tertiary is duly indi-
cated. Similar conclusions were announced by Lyell! in 1842, as a re-
sult of which the nomenclature of the chief divisions of the American
Cenozoic series was definitely fixed: The marine strata of the Atlantic
coast, which are Pliocene as now understood, were first definitely re-
ferred to that epoch by Prof. Michael Tuomey in 1846. He found
the percentage of living forms in certain beds of South Carolina to be
nearly 50 per cent and, on that ground, referred® the Carolinian fauna
to the Pliocene of Lyell. This fauna was afterward beautifully illus-
trated in the well known publication by Prof. Tuomey and Dr. F. S,
Holmes.* It bas since proved to be, as will be shown later, a mixed
assemblage, containing numerous Upper Miocene species, together with
others properly referable to the Pliocene.

Realizing the impracticability of a rigid application of the system of
percentages employed by Lyell, Dana proposed* for the American
epoch referred to the Miocene by Lyell and Conrad the alternative
term ¢ Yorktown epoch,” and for the American Pliocene the term
“ Sumter epoch.” In 1884 Prof. Heilprin prepared a convenient sum-
mary® and discussion of the existing knowledge of the Atlantic coast
Tertiaries, in which he refers Tuomey’s Pliocene to the uppermost part
of the Miocene, leaving the question open as to the existence of gen-
uine Pliocene on the Atlantic border. Assuming that the mixed assem-
blage of Tuomey was a natural fauuna, this course was justified by the
presence in it of several characteristic Miocene types.

In this publication Prof. Heilprin classified the Atlantic Miocene as
folows: _

(1) CAroOLINIAN (Upper Atlantic Miocene), comprising deposits of
North and South Carolina, equivalent to the Sumter epoch of Dana.

(2) VIRGINIAN (Middle Atlantic Miocene), comprising deposits of
Virginia and of the ¢ newer” group of Maryland, equivalent to part of
Dana’s Yorktown epoch.

1Proc. Geol. Soc. London, 1842, vol. 3, pp. 735-742; also 1845, vol. 4, pp. 547-563.

?Final report on the Geology of Sonth Carolina, 1846.

#Pliocene fossils of South Carolina, containing descriptions and figures of the Polyparia, Echinoder-
mata, and Mollusca. Charleston, S. C., Russell & Jones, 1857. This fino work appeared in quarto in
bi-monthly numbers, as follows: Nos. 1 to 6in 1855, Nos. 7 to 15 in 1856, the title page and index and
pp. i~xvi in 1857. Each number comprised two plates and accompanying text; Nos.-3 and 4, 5 and 6,
9and 10, 11 and 12, 13 and 14 were double numbers. The total comprised pp. i-xvi, 152, and 30 leaves
unpaged explanatory of the plates. Each number had a printed title on the cover, with date.

4 Manuzl of Geology, by James D. Dana, Philadelphia: Bliss & Co. 1863. 8°. pp.xvi, 798; ¢f. pp. 506-507.
The author remarks, in relation to the Lyellian percentages, ‘‘ These proportions are not capable of
general application. It is possible that beds in America containing all extinct species may be syn-
chronous with those of Europe in which there are 10 or 15apecies of recont shells. Moreover, not even
the subdivisions in different parts of Enrope can be made to correspond to these epochs; still they are
convenient terms for Lower, Middle, and Upper "Lertiary, and with proper caution may be used to the

vantage of the science, op. cit., p. 506.

5 Contributions to the Tertiary Geology and Paleontology of tho United States, by A.ngelo Heilprin;
Philadelphia, the author, 1884, pp. (vi) 118, 4° and map. This work is in part an expansion and
reissue of articles previously published by the author, -
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(3) MARYLANDIAN (Lower Atlantic Miocene), comprising deposits of
the “older” group of Maryland and possibly the lower Miocene beds
of Virginia, equivalent to that part of the Yorktown epoch not in-
cluded in the Virginian.

Prof. Heilprin further correlates the ¢ Virginian” with the ¢ Second
Mediterranean” of the Austrian geologists, and with the faluns of
Touraine. The ¢ Marylandian” he correlates to a greater or less ex-
tent with the “First Mediterranean” and with the faluns of Leognan
and Saucats (op. cit., p. 67).

In the course of explorations in Ilorida, undertaken at the instance
of Mr. Joseph Willcox, of Philadelphia, a fine series of Pliocene beds
on the Caloosahatchie was explored in 188687 and identified as true
marine Pliocene by Prof. Heilprin in an extensive report! on the ex-
pedltlon This identification completed the series of the Atlantic Ter-
tiaries, excluding all contested deposits.

Beds of all three divisions of the Cenozoic were early recognized on
the Pacific coast of the United States,” and the fauna has been sum-
marized by Gabb in the Paleontology of California, volume 11, 1869,
and more lately by Dr. J. G. Cooper.®

These notes comprehend the chief points of interest in the history
of the nomenclature of the marine Neocene of the United States.
That of the fresh-water beds and strata containing terrestrial verte-
brates of the great Interior region is still in an unsettled and more or
less contested state, as will be pointed out in detail later in this essay.

BOUNDARIES OF THE SUBDIVISIONS OF THE CENOZOIC.

Preserving to some exfent the Lyellian nomenclature for the chief
divisions of the Neocene of America, while rejecting the method of
percentages upon which it was originally based, it seems advisable to
substitute provisional definitions for the chief subdmsmns in place of

those we have dlscarded
EQOCENE.

The end of the Mesozoic in America was for the most part marked by
such physical changes that on the Atlantic coast at least little diffi-
culty has been experienced in determining the fundamental boundary
of the Cenozoic. The presence of sundry species of nearly world-wide
distribution, like Venericardia planicosta, enables a certain correlation
between the Eocene of Europe, of eastern and of western America to
pass unchallenged. During the Eocene, or, at all events, the latter part

Y Trans. Wagner Free Inst. of Science, Philadelphia, vol. 1, Philadelphia; the Institute, 1887; cf. p.
31.

2 Cf. Report on the Geology of the Coast Mountains and part of the Sierra Nevada by Dr. John B.
Trask; legislative document No. 9, Assembly, session of 1854, Sacramento, B. B. Redding, 95 pp. 8°,
1854. See pp. 35, 39.

8 Catalogue Inv. fossils of the western slope of the Umted States. San Francisco: Bacon & Co.
1871, vi, 39 pp. 12mo., printed on one side only, for labels. Also, continued in Seventh Ann. Rep.
§tate Mineralogist, Ca}, State Mining Bureaw, Sacramento, J. D. Young, 1888; pp. 223-308,
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of it, it is known that a fauna indicating warm temperate or subtrop-
ical conditions extended on the Atlantic coast nearly to the Hud-
son, and on the Pacific to Oregon. At the same time a more or less
free communication between the Atlantic and Pacific oceans existed in
the present Central American region. Toward the end of the Eocene
a movement in elevation affected the equatorial and Gulf regions of the
two Americas and the Antillean area between them. One result of this
disturbance was the elevation of Yucatan and part of Florida above the
sea and the serious diminution, though not complete closure,of the
passages connecting the Atlantic and Pacifie.

’ MIOCENE.

For present purposes, therefore, the Miocene may be defined as that
period of geologic time which began with the culmination of a vertical
movement which terminated the Eocene and first raised central Florida
above the sea.

As might be expected from the vertical range of this movement, the
greater part of the littoral invertebrate fauna perished in the change,
only those forms belonging to deeper water surviving. Among the
forms which seem to have suffered total wreck at this time severallarge
foraminifers, Orbitoides,! () Nummulites, etc., are conspicuous.

A second and analogous vertical movement brought the Miocene to
a closé and appears to have been marked by the definite and permanent
connection of the Eocene island of Florida with the mainland to the
north and west, and probably by the union of North and South America.

The Miocene, as thus defined, is distinctly separable into two epochs,
recognizable by their faunal facies.

The first or Older Miocene presents a warm-water fauna, the inverte-
brates being such as might, so far as temperature is concerned, have
existed in the preceding Eocene. The warm temperate conditions ex-
hibited by the supposed Miocene leaf beds of Greenland were perhaps
‘synchronous with the spread of this fauna, which can be traced as far
as New Jersey, the conditions there being then similar to those now
exhibited in the vicinity of the Isthmus of Panama.

The second or Newer Miocene is characterized by the extension
southward of a relatively cold-water fauna which took the place of the
warm-water assemblage. This fauna extended to Florida and to the
Appalachicola River. ‘

The first period is typified by the Chipola beds and the second period
by the Ecphora bed or the Chesapeake Miocene in general.

If the invasion of the cold-water fauna was consequent upon an ele-
vation of the sea-bottom at the south deflecting off shore the gulf and
equatorial currents and allowing a cold polar stream to find its way

1 Mr. J. C. Purves states, on the authority of Rupert Jones, that Orbitoides mantelli extends ** jueq'aw
sonnet du Miocéne dela Jamalque.”-—Bull. du Musée Royal d'Histoire Naturelle de Belgique. Tome
111, 1884, p. 290.
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southward inshore, the changes which mark the inception of the Plio-
" cene might equally harmonize with a subsidence such as is called for
by the deposition of the Lafayette formation.

PLIOCENE.

The marine Pliocene of the eastern United States is marked by a
return to the Floridian region of a warmer, chiefly Antillean, inverte-
brate fauna. Many of the Chesapeake species survived the change
and still persist in the Gulf region, indicating that the change, though
obvious and well marked, was not sudden or cataclysmal. That the
subsidence which permitted this influx from the south did not separate
the two Americas or Florida from the mainland, is proved by the ap-
pearance, in mid-Pliocene, of South American terrestrial vertebrates
in great nunbers on the shores of Florida, and also in the interior of
the continent.

By common consent the Glacial Period is taken as closing the Plio-
cene epoch. Yet we may be confident that its end was gradually at-
tained and there seems to be no obvious reason why the great Pliocene
mamimals might not long have enjoyed in Ilorida a peaceful existence,
undisturbed by the northeastern ice sheet. The rocks show that no
very great or very violent changes took place there, whatever may have
happened on the borders of the Appalachian region.

The minor divisions of the Neocene of the eastern United States will
be found discussed in another place. ,

GEOGRAPHIC PROVINCES OF THE AMERICAN NEOCENE,

The deposits of this age divide themselves naturally into three prin-
cipal geographical, faunal and dynamic regions, each of which has, for
physical reasons, a certain individuality.

These are the Atlantic and Pacific coast regions, offering marine fos-
sils, and the Interior or terrestrial and fresh-water basins, offering an
appropriate fauna and flora. At present we are unable to correlate -
the Interior with the Coast regions in any general and satisfactory way,
but with the increase of our knowledge of the stratigraphy and of the
vertebrate reinains, it can not be doubted that this desirable result will
be within our reach.

To what extent these regions, when sufficiently studied, will admit of
. being subdivided into more limited natural areas, is yet quite uncertain.
In fact, few paleontologists of America seem to have fully grasped the
principles upon which such subdivisions must be based. For this
reason it is perhaps advisable briefly to consider them.

PRINCIPLES OF CLASSIFICATION_.

Apart from purely petrologic characters the Cenozoic formations ex-
hibit several dynamic types marked by special features which distinctly
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characterize them, but which are not to be regarded as evidence in dis-
cussing their time relations. These are:

(1) Marine sedimentary deposits, either littoral or deep water, char-
acterized by the presence in either case of an appropriate fauna, and
the greater or less amount of included terrigerious material which in
deep-sea deposits may be entlrely absent

(2) Perezonal deposws'; terrlgenous, with a sparse fauna, if any,
characteristic of the conditions of deposition, totally different from
faunas of the preceding class, yet often absolutely synchronous with
them.

(3) Lake beds of the interior; and, lastly,

(4) Subaerial and fluviate deposits.

Allthese varieties, corresponding to as many types of dynamie action,
not only may have been, but must have been, in process of formation
simultaneously. Every marine bed must have had its contemporary
perezone, its river bottoms, its, lake beds, its contemporary abyssal
fauna, with all their intermediate phases or diversities.

From this it obviously follows that diversities in the fossil fauna of
different beds do not, in the absence of stratigraphical evidence, neces-
sarily indicate any want of geologic synchrony, unless the beds belong
to a single dynamic type.

It is now in order to consider how.far in beds of the same type faunal
differences may be relied upon to indicate time relations. Where there
is no aid afforded by the stratigraphy, identity of fauna may fairly be
regarded as establishing a presumption of synchrony. Is the reverse
true, as has generally been taken for granted?

In showing that it is only relatively true, we shall be establishing
only what is admitted by all biologists. This might be thought un-
necessary, but as a matter of fact paleontologists have seldom tested
their conclusions by biological rules or even, if we may judge from the
literature, indicated in any way their cognizance that such tests were
applicable, still less that they were needed.

Taking any synchronous and continuous invertebrate fauna, such as
exists on either coast of the United States, let us consider by what it
is characterized, and to what influences its diversities are due.

Temperature is well known to be a potent factor in such cases. On
the eastern coast of the United States we shall find that certain genera
occur in cold northern waters as a characteristic feature of the fauna,
and that as we trace their distribution southward they disappear from
the coast absolutely, if they are littoral species, or, if they are not by
their habits necessarily littoral, by following the isotherms into the cold
water of the deeps. The limits®f the endurance of the species are prob-
ably fixed by the capacity of the embryos. A very few degrees of cold
below the normal at the time of spawning will absolutely prevent the
development of embryos, and in a single generation may exterminate
a whole species. A temperature inhibitory of their habitual food,
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whether plant or animal, may be similarly destructive. Equally ten-
der species, which have a different spawning time, may escape if the
depression of temperature’is not too prolonged. Another way in
which the existence of a species is affected throngh its embryos is con-
nected with the specific gravity of the water. If the species like the
common oyster should have embryos of less specific gravity than that
of the water in which they are spawned, being free-swimming during
the short embryonic period, they would float, and if unable to reach
the bottom would perish for want of a place of fixation. Thus an
oyster reef accustomed to slightly brackish water, by a small subsi-
dence surrounding it constantly with pure sea water (in whigh the
adults might flourish admirably, but through which the embryos could
not sink t0 the bottom) might be wholly exterminated in one generation.
From these illustrations the student will perceive that cataclysms are
by no means necessary to exterminate or seriously modify a fauna.
The tolerance in the direction of heat is apparently greater than that
for cold, but this point has been less investigated.

As the sea currents greatly influence the sea temperatures, so those
features of the shore which deflect or modify the course of currents
indirectly affect the fauna. Cape Cod and Cape Hatteras more or less
influence the direction of the polar current and Gulf Stream circulation.
They are, consequently, landmarks indicating notable changes in the

fauna. To Cape Hatteras, and perhaps still farther south, cold water
creeps along the shore. Off shore a few miles, though the water is not
deep, the influence of this current is not felt, and numerous West Indian
species, unknown along the shore, flourish in abundance. In shore
from them various northern species maintain a precarious foothold, so
that an east and west line would cut two faunas, one of southern and
the other of northern facies, yet absolutely synchronous and closely
adjacent. -

"From the point of view of temperature, therefore, we note that a
continuously distributed synchronous coast fauna of invertebrates is
modified as regards its constituent organisms; (1) gradually, as the
latitude; (2) suddenly, as by changes due to curremnts; (3) in bathy-
metric station, or depth inhabited, by tending to follow the isotherms
into deeper water.

As we are considering only a shore fauna, or one which might exist
between low-water mark and twenty fathoms, it is not necessary to
consider the interesting series of influences peculiar to the station of
deep-sea organisms.

In the matter of food there are modifications of distribution due to
geologic structure of the bottom. On®he Alaskan coast I have noted
that the red seaweeds grow only where granite or syenite rocks occur.
The green seaweeds occur with them and also on the sandstones. On
the basaltic shores and bottoms only olive-colored algz appear. The
fauna associated with the latter is different from that which frequents
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the region of green and especially of red alge. These differences
appear not only among the phytophagous animals, but also among the
carnivorous forms which prey upon them and those which use the beds
of alge merely as a refuge. If in the midst of basaltic areas were some
small islets of granite, there inevitably, and only there, would the famil-
iar species of the granitic or red seaweed area be found. Ordinarily
abundance of food is manifested in the fine development and abundance
of individuals rather than in any change in the number of species or the
nature of the assemblage. '

The influence of the mechanical character of the bottom has been
more fully recognized by paleontologists than by others, partly because
it is reflected in the fauna and partly because the matrix of the fossils
itself brings the question directly under the eye even of the closet phi-
losopher. Very much more remains to be learned in regard to the
details of these influences, and this must perforce be left to the biolo-
gist who can study the matter in the field, since the conditions under
which fossils are found rarely admit of the determination of all the

factors in the problem.
: ) 5
TABLEQOF ZONES, WITH CENSUS OF FAUNA.

It now becomes necessary to consider the general effect of those influ-
ences which may be summed up under the term ¢“difference of latitude.”
‘This is best determined by an inspection of known recent faunas of
which the following table will give a fair idea. The species which would
be absent in a fossil state, such as Nudibranchs, naked cuttlefish, etc.,
have been eliminated. As mollusk faunas are the best known, and,
whetlher recent or’fessil, most characteristic, they have been chosen to
illustrate the argument. The number of "species contained in each
fauna, the date and the authority for the enumeration, and the particu-
lar fauna referred to are stated in parallel columns. It is, of course,
understood that these estimates are approximate only, some of the
faunas being known less thoroughly than others, and the estimate of
what constitutes a species differing with different naturalists. The esti-
mates used here are, it is believed, rational and conservative, and, on
the whole, are taken from much the same point of view, none of the
absurdly exaggerated estimates which have been indulged in of late by
- certain amateurs having been admitted. The zones adopted in the
table correspond approximately to the following ranges of the minimum
temperature of the coldest winter month for the surface of the sea:
boreal, to a range of from 32° to 40° F.; cool temperate, 40° to 600;
warm temperate, 600 to 70°; tropical, 700 to 80°, These figuresare not
exact, but our knowledge of the sea temperatures is too imperfect to
justify other than round numbers. The fluctuations of the maxima
at the same stations are, of course, much greater than the minima, but
they do not have the same important relation to the welfare of the
species,
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. * . - 3 . .
Table showing the number of shell-bearing marine species of mollusks contained in recent
Jaunas of different temperature zones.

Fauna. ‘ Enumerator. Date.t | Species.

1. Boreal zone.

Greenland .............o.o.oo..l. O. A, L. Mérch........ 1875 180
Cape Cod to Cape Breton.......... A.E. Verrill .......... 1879 277
Vineyard Sound (shallow)......... A. E. Verrill .._....._. 1871 177
New England Coast (abyssal)...... A.E. Verrill ......_._. 1888 296

Arctic Norway ..o ..., G.O. Sars............. 1878 332

2. Cool temperate zone.

Britain ... ... ...l J. G Jeffreys.......... 1870 436
France, Atlantic Coast .........._. P. Fischer............. 1878 444
North and South Carolina......_... Kurtz and Bush....... 1885 305
Bermuda.ooooo oo, Dall ..o ... 1889 198
Japam....ocmre it i i Lischke............... 1875 429
New Zealand........ e Von Martens -......... 1885 439

Upper California.................. J. G. Cooper .......... 1867 598
8. Warm lemperate zone.
Agean sea ....... € naas E. Forbes. ............| 1840 405
Adriatic ............o.. .. S. Brusina .. .o..o. .. 1866 536
Sicily ceemmne R. A. Philippi......... 1830 587
Cape ot Good Hopc ................ F. Kranss............. 1848 383
East Florida (abyssal)............. Dall ......... e 1889 260
West Florida.. ... ....... ... Dall ...l 1889 681

Isle of Réunion.. ... .......... Deshayes......o....... 1863 530

4. Tropical zone.

Mazatlan, Mexico ................. P. P. Carpenter........ 1857 654
Panama.... . ... ..l C.B. Adams .......... 1852 517
Guadeloupe Island, W. I .......... P. Fischer............. 1858 560
Cuba - ool A. @Orbigny -......... 1842 595
SUOZ + o e R. MacAndrew ........ 1869 818
Average mollusk-fauna in the—
Boreal Zome ... ... i iei e cciaeaaee e 252
Co0l temperate Z0Ne. ... oo oo i it e e e 407
‘Warm temperate zone.. 483
Tropical temperate zone.. ... . oo ioiiaiii i 629

1 Of publication of list.

Of these faunas it may be sdid that that of Greenland is extremely
well known, but very sparse, other areas equally arctic having a much
richer fauna as regards species. The other boreal faunas are also
quite thoroughly known, unless we except the deep-sea fauna off the
coast of New England. There is, therefore, no reason to suppose that
the average for this zone is far from the truth.

Of the second, the British and French faunas are probably the best
known of any in the world. The enumeration for the Carolinas is de-
fective by underestimation to some extent. Bermuda hasprobably more
species, but the variety of station is small and the fauna is more con-
centrated than any of the others cited. The others mentioned under
thishead, of which Upper California is the best known, may be regarded
as fairly representative.



DALt Anp} CENSUS OF FAUNA. 97

Of the warm temperate faunas that of the Adriatic is probably the
most thorongh; that of Sicily is old and perhaps somewhat deficient,
but the lists of Mediterrancan species have been of late years artificially
expanded so as to have little value for scientific purposes, and it became
necessary to go to the older literature to find an enumeration which
should be comparable with the others used in this table. The east
Florida deep-water fauna represents the number of species obtained
from an examination of about a bushel of gravel from two or three casts
of the dredge in about 300 fathoms off Fernandina. There were no
large shells in the gravel, but it represents much such an assemblage
of specimens as might be obtained from sifting an equal quantity of fine
shell marl. The West Florida fauna includes some deep-water species
which in that region appear in quite moderate depths, as well as the
littoral species.

Of the tropical fauna cited, all probably err on the side of underesti-
mation. That of Mazatlan is probably the best known. Doubtless
there are localities in the Indo-Pacific region which would largely ex-
ceed any of the estimates above cited in a complete enumeration of their
shell-bearing mollusks, but none of these seemed sufficiently authenti-
cated to be worthy of citation, and for a discussion of the fossils of our
Tertiaries they would not be especially relevant.

It will be noted that nearly all these citations are of faunas sufficiently
diffused, or, rather, of areas sufficiently large to eliminate differences due
to station within the 100-fathom line. .

It is not probable that within the narrow limits of a single collecting
spot or beach all the species of any cited fauna could be found, but in
collecting fossils access to the original sea bed is so much facilitated and
the possibility (as from our Neocene marls) of making a complete col-
lection at any one spot so much more favorable, that it is quite certain
that the fauna will be more adequately represented than any recent
fauna could be by much more extended work. This is abundantly
proved by recent collections made under the writer’s direction in the
southern marl beds, where the number of species collected in a single
locality in each case closely approximates the average for the warm
temperate zone above described. Peculiarities of station may limit
a fauna to a comparatively small number of species, but in such a case
the nature of the matrix and the specific assemblage will discover the
reason when properly studied.

CONCLUSIONS I‘ROM THE TABLE.

We may then conclude that that part of the average mollusk fauna
which is capable of leaving traces in the shape-of fossils, under conditions
not, greatly differing from those of the present day, if sifuated in the
arctic or boreal region, would comprise about 250 species; in the cool
temperate region about 400 species; in the warm temperate, about 500
species; and in the tropical region, not less than 600 species. In re-
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gions where the conditions have greatly changed, as for instance, in
Greenland since the old Miocene, during a period corresponding by the
character of its fauna and flora to a different temperature zone from
that in which it is now classified, the fauna should correspond in num-
ber of species to that which would be normal to the temperature as it
was, not as it is. To illustrate, if we could discover old Miocene marl
beds with well preserved fossils in Greenland, they:should contain a
mollusk fauna of 400 species normal to the cool temperate zone, rather
than of 180 species, as is normal to Greenland at present.

Allowing 150 species as equivalent to the boreal species not represented
south of New York, we have on the eastern coast of North America,
from the Rio Grande to the arctic regions, 1,772 recent species by act-
ual count.! Summing up the averages of our table we find that for a
coast extending from the boreal region to the tropics (allowing the tab-
ular figures to be exclusive for each zone) we should have 1,771 species
for the whole range. This coincidence is accidental, for the tabular fig-
ures are deficient in the enumeration of the deep-sea forms. Deducting
from our actual enumeration of east North American forms those which
appear to live exclusively in the deeps beyond 100 fathoms, we have left
1,364 species.

" But the species credited to the zones are, as we know, not exclusive,
many of them being included in more than one faunal zone. The differ-
ence between the 1,771 theoretically present along the whole line and
the 1,364 actually enumerated may be approximately a measure of the
overlapping. In this case we should have 1,364 species of potential fos-
sil shells represented by the existing faunas from the Rio Grande to
Greenland. If the present sea bottom were elevated the paleontologist
who might examine the beds should find, according to the region which
he searched, a number of species approximating to the number assigned
to that region in the preceding table, provided his estimate of the differ-
ences which indicate a species did not differ essentially from ours.

As he proceeded southward he would find a change in the fauna.
Species would drop out, but a large number would appear which he
had not observed before. Where cold currents have crept along the
shore hie would find a sparser and more boreal fauna; yet traveling
eastward on the continuous strata he would find the more numerous
and chiefly different warm water fauna of the edge of the Gulf Stream
in absolutely synchronous deposits.

An interesting confirmation of these views is found in the Ecphora.
marl bed of northwest Florida, a cold water fauna which was preceded
and succeeded by a warm water fauna. In the same bluff collections
show the much smaller number of species in the Ecphora bed.

It should be noted that in geological changes species of the warmer
region are more likely to persist from one formation into another than

17. S. Nasional Museum, Bull. No.37. A preliminary catalogue of the shell-bearing marine mollusks
and brachiopods of the southeastern coast of the United States, by W. H. Dall, Washington, 1889, 221
pp., 8vo, 74 pl. Cf. p. 176.
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those of colder regions. This is accounted for by the greater liability
to injurious changes in regions which may be buried in or torn up by
ice or visited by exceptional winters, while the conditions in the south
are less uniform, and the greater area of the tropics gives more
chance for widely distributed tropical species to escape destruction
from local changes of level or from volcanic activity. Small species
have more chances of escape tban large ones, being able to hide from
enemies in crannies, and, as they offer less food, they are less at-
tractive to hungry prowlers. Species inhabiting moderate depths are
safer than those whose station is between tides, from the action of sud-
den. elevation or the visitation of frost, fresh water or water charged
with noxious gases, such as break out at intervals on the Florida coast
and other shores built of porous lime-rock. Thus it happens that the
forms in the recent fauna which can be traced back to the Eocene are
all warm-water species of small size, living seaward from low tide as a
rule. 'We should also expect to find, as we do find, that southern beds
will contain a larger pereentage of still living forms than northern beds
of the same age.

The lesson which is to be learned from these facts is not obscure. It
is, in brief, that in correlating the fossil contents of different strata
with a view of extracting the geological information they can yield, it is
necessary to contemplate the growth and evolution of the continent as
a whole, to recognize the interrelation of the details, and especially the
fact that they can not be scientifically treated by any method which as-
sumes their isolation and fails to take account of the factors we have
indicated.

Such treatment is less easy than the old-fashioned way of basing an
elaborate discussion on supposed faunas of fifty or a hundred species,
but it is capable of yielding results which will stand the test of time -
and will express with some approximation to accuracy the truths which
are the province of paleontology.

The conclusion to which present study seems to lead is that which
in thy main derives each successive fauna, in an area of reasonable ex-
tent, from that which preceded it, though the imperfections of the
record in most cases leave this to be inferred. In those rare cases
where the record is not greatly interrupted (as in part of the Floridian
region) the characteristics, in a general sense, persist from one bed to
another. If, owing to changes in temperature, a fauna is replaced by
one not related to it, as in the case of the Chipola and Ecphora Mio-
cene beds, with the recurrence of the original conditions the original
types show themselves again, as in the Pliocene marl of the Caloosahat-
chie. : .

In the above case the Ecphora bed, or Chesapeake fauna, can be
traced northward whence it came; while the Chipola types, during their
temporary extinction in Florida, were preserved in some undisturbed
Antillean area and reappeared by migration in Florida when condi-
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tions favored. Both groups of species are essentially American and
recall recent American types, just as the Neocene of southern Europe
is of a genuine European type. In the imperfect state of our knowl- -
edge it is rash to speak of species common to them, but it is certain
that there are more species common to the recent fauna referred to
than have been yet recognized in their fossil remains. Occasionally
a type appears which seems out of place and recalls some distant re-
gion where it still lingers, as in the case of Batissa of the Oregonian
Neozoic, which now is known only from the Indo-Pacific region. But
in this case, asin general, when the history of such groups is studied,
it is found that Batissa is merely a slight modification of Cyrena, which
is abundant, recent and fossil, in America; such a modification as might
have been expected to occur sporadically anywhere where Cyrena
abounded during several geological periods or was represented by
numerous species. '
It may be as well to add, for fear of misconception, thatitis true that
in older geologic epochs the differentiation of faunas and of zones of
temperature was certainly less marked than in Neozoic and recent time,

and the methods we have recommended for the latter are less applica-
ble to the former. Still it is possible in some cases to trace special
characteristics in successive faunas for long periods; as in the faunas
of the Californian coast, where, from the Cretaceous to the recent period
inclusive, every marine fauna has included a large species of Nucula
(e. g. Acila) with strongly marked divaricate sculpture, a certain type
of Cancellaria, of Turritella, and of Natica. Something of the same
sort will probably be found true of the successive faunas of the north
. shore of the Gulf of Mexico.

DIFFICULTIES IN CORRELATING FAUNAS,

In correlating contemporaneous faunas which are geographically
separate, it is but seldom that one may have the aid of many identical
species. This is especially the case with shallow-water or littoral species
of the tropical or warm temperate regions. From the polar regions,
owing to the polar circulation and uniformity of conditions, certain
species are, as it were, centrifugally distributed to several adjacent
faunas. On account of the long persistency of analogous conditions
near the poles these species have little value as indications of minor
divisions of geologic timne. It is rather by the parallelism in stages of
development by homologous groups in widely separated regions that a
correlation of the Neozoic beds of such regions may eventually be
reached, if at all. On the other hand, we do occasionally find a widely
distributed yet little modified form like Venericardia planicosta of the
Eocene; and it is not improbable that more thorough study and care-
ful comparison of Neocene faunas of different parts of the world may
reveal a larger number of such species,



DALL AND
HARRIS.

SUMMARY OF CONCLUSIONS. 31
CONCLUSIONS.

The conclusions to which the above considerations point at the present
time may be summarized as follows:

1. The final correlation of the different beds of Atlantic Neocene
will depend on a rational study of their fauna, which is now too imper-
fectly known to form the basis of satisfactory conclusions.

2. Correlation of these beds with those of Europe is wholly impracti-
cable at present.

3. Faunal division of the known fossil contents of the different forma-
tions would be at present premature,

4. While paleontology holds the key to the problems of local and
comparative stratigraphy, yet no study of paleontology that neglects
the broad and general stratigraphic changes which accompanied the
development of the continental border as a whole is calculated to
afford results of permanent value,



CHAPTER II.

SUMMARY OF OUR KNOWLEDGE OF THE NEOCENE OF THE
-ATLANTIC AND GULF COASTS OF THE UNITED STATES, CON-
SIDERED BY STATES.

SUBMARINE STRATA OFF NEWFOUNDLAND, AND SOUTHWARD TO CAPE
’ CoD.

Remains that have been supposed to belong to the ¢ Miocene or Later
Tertiary” formation, have been dredged from the Grand Banks off
Newfoundland (lat. 44° 30/, long. 50° 15), at a depth of 35 fathoms.
Of these, Cyprina islandica only has been definitely determined,! At
Bangquereau, Nova Scotia, have been found Fusus decemcostatus, Latirus
albus? and a species of Furritella. Again, on Georges Bank, at a depth
of from 35 to 70 or more fathoms, fragments of rocks were dredged up,
containing, among other things, Isocardia resembling Cyprina island-
ica, but differing in hinge structure; Myatruncata, Solen americana, Cy-
prina, Natica, Venericardia, allied to V. borealis, but with smaller ribs,
and Cardium islandicum.

From these facts Verrill is led to infer that there is an extensive bed
belonging to the Tertiary formation, which extends beneath tide from
Cape Cod to the Banks of Newfoundland. Mr. C. H. Hitchcock? had a
somewhat similar idea in mind when he wrote, ¢Possibly Sable Island
off Nova Scotia and the Great Banks off Newfoundland may indicate
the position of the place of these (Tertiary and Alluvium) Cenozoic de-
posits at the close of the Tertiary period.”

MAINE.

Both Jackson and Hitchcock have mentioned the occurrence of Ter-
tiary deposits in this State. The former says?® that nearly all the river
valleys below 150 feet A. T. are filled with marine deposits, and abound
in marine shells, some recent, some extinct. At Kittery,*a deposit
was found containing Saxicava rugosa, Mytilus edulis, Macoma, and As-
tarte castenea. A. similar deposit was found at Lubec. These beds,
however, are now regarded as Quaternary. Hitchcock at one time held?

YA E. Verrill: Am. Jour. Sci., October, 1878, 3d ser., vol 16, pp. 323-324.

2 Geol. of New Hampshire, Chas. H. Hitchcock, 1877, vol. 2, p. 21.

3Maine State Geol. Report, No. 3, 1839, C. T. Jackson, p. xm

¢New Hampshire State Geol., Final Report on Geology and Mineralogy, 1844, Chas. T. Jackson,
p. 94.

5 Prelim. Report on Nat. Hist. of the State of Maine (Geology, by C. H. Hitchcock), in ‘‘Agriculture
and Geology of Maine,” by the Sec, of Board of Agricnlture, 1861, pp. 256-257, .
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that certain hematite breccias, found at Blackington Corner, belong to
the Tertiary, since Miocene fossils had been found in similar material
in Vermont.! Later, however, he asserts? the absence of all Cenozoic
deposits northeast of Massachusetts.

NEW HAMPSHIRE.

Jackson® mentions the discovery of a Tertiary deposit of blue plastic
clay in the southeastern part of Portsmouth, in which were found Nucu-
la, Sanguinolaria (Macoma) and a few recent forms. Hitchcock, how-
ever, makes no mention of any such deposits in this State. Moreover,
he implies by a statement in Vol. 11 of the Geology of New Hampshire
that none such exist.! The stratum in question is doubtless of the same
age as the Quaternary beds previously mentioned as occurring on the
coast of Maine.

VERMONT.

In 1853 Prof. Edward Hitchcock gave® a description of a brown coal
deposit at Brandon, Vermont, with an attempt to determine the geologic
age of the principal hematite ore beds in the United States. Though
figures of fossil plants are given from the above named locality, he
seems to have drawn no conclusions from them as regards the age of
the deposit; for he says,® in substance, that the Brandon deposit belongs
to a Tertiary formation, for (1) it lies below the drift and is not consol-
idated; (2) it contains all the varieties of rocks of the Tertiary forma-
tion: white clay, variegated clay, water-worn beds of sand and gravel,
carbonaceous and bituminous matter, iron, and manganese. Moreover,
he states” that this deposit is probably Pliocene or newer Tertiary, for
(1) it lies immediately beneath the drift, (2)is not consolidated, and (3)
similar brown coal of Europe is of the newer Tertiary.

In Vol. 1 of the ¢ Geology of Vermont”? the above statements are
repeated together with those of other eminent specialists. J.P. Lesley ?
is quoted as opposing the idea that the deposit is of Tertiary age,
maintaining that it represents simply a mass of disintegrated Paleozoic
rock. J. W, Bailey,"” after examining the fruits microscopically, con-
cludes, or rather intimates, that one may be that of a palm. Leo Les-
quereux'® states that none of the species are living, hence it can not be

1Geol. of Vermont. Intwo vols. Published under the authority of the State legislature by Al-
bert D. Hager, 1861. The ‘‘ Scientific Geology ”” by Prof. Edward Hitchcock, vol. 1, pp. 226-240.

2 Geol. of New Hampshire, 1877, vol. 2, p. 21.

3Final Rep. Feol. and Min., New Hampshire 1844, by C. T, Jackson, State geologist, p. 121.

4Geol. of New Hampshire by C. H. Hitchcock, 1877, vol. 2, p. 21.

5 Mass. Report on Geol., 1853, by Edward Hitchcock, p. 22.

6 Ibid., p. 31.

"Tbid,, p. 33. .

8 Geology of Vermont. In two volumes. Published under tho authority of the State legislature by
Albert D. Hager, 1861, vol. 1, pp. 226-237.

9 Thid., p. 237-238.

10Ibid., p. 240.

Bull. 84—3
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Pliocene, and he likeus the flora to that of ¢ Oeningen, the upper lig-
nitic bed of the Tertiary.”!

In an abstract of an article by Mr. H. Carvill Lewis,®> in which he
treats of the iron ores of the ¢ Brandon Period,” this depositis discussed
in connection with others of a similar character in southeastern Penn-
sylvania. Feeling assured of the identity of the deposits in the two
States, he concludes that the lignitic clays of Pennsylvania are proba-
bly Oligocene, though he suggests that they may be Wealden.

RHODE ISLAND.

Certain deposits of clay and sand in this State were once supposed by
Jackson? to belong to the Tertiary system; but there seems to be no
evidence recorded in support of his views. .

The cliff of ¢ plastic clay ” on Block Island is probably composed of
beds referred with some doubt to the Tertiary, by Mr. Aug. F. Foerste.!
The beds are said to “lie at such an angle as to make their dislocation
by mountain-building forces almost certain.”

MASSACHUSETTS.
MAINLAND.

Various deposits of clay in this State were at one time considered by
Hitehecock® to be of Tertiary age; butin his final report ¢ on the geology
of Massachusetts, he concludes that none of these clay deposits are of
Tertiary age except ¢ the plastic clay of Marthas Vineyard.”

Though no undisturbed Tertiary deposits have as yet been positively
identified on the mainland of this State, fossils recognized as Eocene
species” have been found in bowlders in the drift on the east side of
Cape Cod. These fossils & are found most abundantly about one-half mile
south from Highland Light, where a bluff rises to a height of 150 feet.
At this place the fossiliferous fragments are not found imbedded in the
modified drift, but are scattered about on the slope of the bluff. Far-
ther to the south, however, one mile south from the head of Pamet
River, Mr. Warren Upham has observed them so imbedded; and hence
he concludes that they were probably brought there by glacial action
from a Tertiary deposit in the bottom of Massachusetts Bay.

1 For distribution of the Brandon beds, see vol. 2 of the above report, map, p. 989.

2H. C. Lewis: Proc. Am. Assot. Adv. Sci., 1880, vol. 29, p. 427.

3 Rept. Geol. Survey R.I., by Chas. T. Jackson, 1839, p. 129. TFor distribution of these so-called
Tertiary deposits see ‘‘Geological and A gricultural Survey of Rhode Island,” 1840, by Chas.T. Jackson
(map 2t end of volume).

4 Bull. Geol. Soc. Am., 1890, vol. 1, . 447. v

5)Mass. Geol. Surv. Report, 1832, vol, 1: Edward Hitchcock. See map (frontispiece).

6Qp. cit., 1841, vol. 2, p. 360.

7'W. O. Crosby: Proc. Bost. Soc. Nat. Hist., vol. 20, pp. 136-140,1878; and 'W. Upham, Am. Nat.
Sept. 1879, vol. 13, p. 562.

8 Venericardia planicosta Lain; Venericardia probably parve Lea; Venericardia alticosta ? Con., Youug;
Ostrea apparently divaricatea Lea;Ostrea possibly selleformis Con.; Ostrea virginiane ; Anomia re-
sembling tellinoides ; Plicatula near filamentaria Con.; 4winea staminea, Camptonectes, Yoldia, Corbula,
Cardium, Natica, Turritella ? ’
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v NANTUCKET—MARTHAS VINEYARD. 35
DEPOSITS ON THE ISLANDS OFF THE MAINLAND OF MASSACHUSETTS.

The announcement of Tertiary deposits on Georges Bank has already
been referred to.

NANTUCKET.

The next area to be considered, proceeding in a general southwest-
erly course along the Atlantic border, is the island of Nantucket.

This island has been made the subject of a special study by Shaler,!
and as there seems to be no good reason for believing that any of its
beds? are of Tertiary age, it need here receive but little attention.
Nevertheless, since Shaler has suggested? the possible identity of the
clays observed by Messrs. Desor and Cabot at Sankaty Head with
those which occur on the southern shore of Chilmark, and since he has
recently intimated* that the latter may be Pliocene, it may be well
briefly toreview the opinions that have been expressed in regard to the
age of these clays by various scientists. In 1849 Messrs. E. Desor and
Edward C. Cabot published in the proceedings of the Geological Society
of London a letter written to Sir Charles Lyell® ¢ On the Tertiary and
more recent deposits in the island of Nantucket.” The bed termed by
these gentlemen ¢ Tertiary” was probably seen by Mr. S. H. Scudder
in 1874, and it was considered by him to be of great thickness. He
observes, moreover, that it contains no fossils, and dips strongly (170)
to the southwest. On account of the present superincumbent débris,
Prof, Shaler failed to find, with certainty, the beds deseribed by the
foregoing writers. The fossiliferous post-Pliocene strata conformably
overlying these clays have been fully discussed by Prof. A. E. Vc1r1]l"
in the American Journal of Science.®

MARTHAS VINEYARD.

From the facts thus far obtained it appears that the deposits which
form this island may be classified under the following heads, viz: Cre-
taceous, Miocene, Pliocene, Glacial, or Recent. Of these the last men-
tioned has by far the greatest areal distribution. In fact, there are but
two localities where any considerable outerops of the pre-Glacial de-
posits appear, viz: At Gay Head® and at Chilmark (or Nashaquitsa)

cliffs.

IBull. T. S. Geol. Survey No. 53, 1889, .

2Ibid., p. 15. '

3Ibid., p- 34.

4 Bull. Geol. Soc. Am., 1890, vol. 1, p. 445-446.

5 Quart. Jour. Geol. Soc. London, 1849, vol. 5 (proceedings), p. 340. (For this reference see Bull. U. S.
Geol. Survey, No. 53,1889, p. 31). )

6 Am. Jour. Sci., 3 ser., 1875, vol. 10, pp. 364-375.

7 Ibid.

8 These have been referred to the Columbia formation by McGee. Seo Am. Jour. Sci., 3d ser., 1888,
vol. 35, p. 450.

°N. S. Shaler: Report on the Geology of Marthas Vineyard. Seventh Annual Rept. U. S. Geol. Sur-
vey, 1888, p. 327.
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Oretaceous.—Though the gorgeous colored clays, sands, and lignites
at Gay Head and Chilmark cliffs have been regarded by various writers
as Cretaceous,! Eocene,” Miocene,’ and even Alluvium,* it now appears
that they can not all belong to one and the same system, but that at
Gay Head at least two different ages are represented. Omitting, there-
fore, all details relating to the lower or Cretaceous® portions of these
bluffs, suffice it to say that at Gay Head these beds® are more or less
folded and faunlted, but have a general northeasterly dip of from 15°
to 50° or even’ 909, having the so-called Miocene superimposed con-
formably, whereas at Chilmark cliffs® an anticlinal axis causes the beds
to have a northeasterly dip of from 15° to 25° east of the axis, and a
southwesterly dip of from 20° to 45° west of the same, while the Mio-
cene beds are wanting.?

Miocene.—Very little evidence has been brought forth to prove the
existence of Miocene deposits on this island; nevertheless, that there
are Tertiary deposits of a horizon ‘“above the base of the Eocene and
below the summit of the Miocene ”1° can scarcely be doubted.

Near the northern end of the section at Gay Head there is a
series of beds, comprising brown and greenish clays and sands, which
have commonly been termed ¢ Greensand.” Beneath or to the south of
these are sands, clays, and lignites of the Cretaceous,!? as well as others
of doubtful horizon, while above and to the east-northeast are the so-
called Pliocene® sands. ‘

This Greensand deposit has furnished the greater part of the animal
remains that have been mentioned in connection with this locality.

The Testacea, sharks’ teeth, ete., mentioned by Edward Hitcheock in
his Final Report!* on the Geology of Massachusetts are scarcely char-
acteristic enough to be of any particular value in determining the age
of this series.

The statements of Lyell’® are somewhat more definite, yet by no
means conclusive. The fossils he enumerates are as follows: A
tooth of a seal allied to Cystiphora proboscidea; a skull of a walrus

1 Wm. Stimpson: Am. Jour. Sci., 2d sar., 1860, vol. 29, p. 145.

2Ed. Hitchcock: Reports on the Geology of Massachusets, 1832, 1833, and 1841.

3Chas. Lyell: Am. Jour. Sci., 1st ser., 1844, vol. 46, pp. 318-320.

4F. J.H. Merrill: Trans. N. Y. Acad. Sci., 1885, vol. 4, p. 79.

5D. White: On Cretaceous Plants from Marthas Vineyard. Am. Jour. Sci, 3d ser., Feb. 1890, vol.
39, pp. 94-101, pl. 9.

6N. S. Shaler: Tertiary and Cretaceous deposits of eastern Massachusetts. Bull. Geol. Soc. Am.,
vol. 1, pp. 443-452, pl. 9. »

7Seventh Annual Rep. U. 8. Geol. Surv., 1888, p. 331.

8Tbid., p. 327, Fig. 59.

8 Mr. D. White, of the U. S. Geol. Survey, has very recently furnished us with specimens of Green-
sand from this locality containing sharks’ teeth, crab remains, fragments of shells, eto., similar in
every respect to those of the Greensand of Gay Head.

10 See Bull. Geol. Soc. Am.,vol. 1,p. 446.

" 17, 8. Geol. Survey, Tth Ann. Rep., 1888, p. 329.

12 Bull. Geol. Soc. Am., 1890, vol. 3, pp, 445-446.

187. S. Geol. Survey, 7th Ann. Rep., 1888, pp. 329-332.

1 Vol. 2, p. 482, pl. xix, figs. 16,17,18,1841. The fossil ‘' Testacea™ here tignred are casts of a Venus,
Tellina, and Turbo.

B Lyell: Am. Jour. Sci., 18t ser., 1844, vol. 46, pp. 318-320,
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somewhat different from any living species; bones of a whalebone
whale and of a bottle-nosed whale (Hyperoodon); shark teeth, some of
which were like those found in the Miocene, near Evergreen, on the
right bank of the James River; two crustaceans; casts of a Tellina,
allied to 7. biplicata, and one allied to T\ lusoria; casts of a Cythered,
resembling Sayane; three casts of a Mya, one of which bears a close
resemblance to M. truncata.

The numerous remains of Cetacea of the genera Balena and
Hyperoodon, the author contends, are adverse to the supposition that the
bed is Eocene, while such fossils abound in the Miocene of America.

In 1863, Dr. William Stimpson’ discussed the crab remains in these
beds, and found them generally referable to two types. One of these,
Avrcheeoplax signifera, a new genus and species, he describes and figures;
but, on account of its distant relationship to other crabs, recent and
fossil, it gives no clew in regard to the age of this deposit.

Other Tertiary deposits of doubtful age—later Miocene or Pliocene.—
Between Gay Head and Indian Hill there is a series of deposits which
resemble lithologically the various beds at Gay Head, but whose fos-
sil contents are unknown. Shaler has estimated ? the thickness of this
series at no less than 15,000 feet. This estimate, however, was made
under the supposition that between the localities mentioned above the
northeasterly dip is constant and equal in amount to that at Gay Head.
This supposition, it appears, must be somewhat in error, for in a later
publication® he represents the Cretaceous and Tertiary in a section from
the valley of Tisbury River to Vineyard Sound as having a north-
western dip of .at least 45°.

+ Nothing more definite than what is implied in the preceding state-
ments is known regarding the distribution of this series. ‘

The series of deposits termed by Shaler * the Weyquosque, Nasha-
quitsa or Chilmark series is typically exposed at the bluffs on the south-
western coast of the island which bear these various names. Beds
resembling lithologically those at Gay Head are imperfectly disclosed®
near the base of these cliffs at certain stages of erosion. The Wey-
quosque series rests unconformably upon these beds® and is entirely
different in its physical characters. Itsvarious deposits consist of gray
and blue clays and whitish sands, and in the latter are occasional hypo-
gene pebbles.  There are no traces, however, of the red and white sands
and the lignites so characteristically exposed at Gay Head. The total

. thickness of this series has been estimated’ at over 1,600 and possibly
over 2,000 feet. On account of the absence of organic remains the geo-
logical horizon of these beds is unknown. Shaler® is inclined to refer

10n the fossil crab at Gay Head: Bost. Jour. Nat. His., 1863, vol. 7, pp. 583-589, PL. xii.
27. S. Geol. Survey, 7th Ann. Rep., 1888, p. 332. .
3Bull. Geol. Soc. Am.,1890, vol 1, p. 451, Pl. ix, Fig. 1.

4N. S. Shaler: U.S. Geol. Survey, 7th Ann. Rep., 1888, p. 340,

5Tbid., p. 327.

6 Ibid., p. 320.

?T. S. Geol. Survey, 7th Ann. Rep., 1888, p. 341.

81bid., p. 320.
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them to the Tertiary system on account of their various small contor-
tions and plications, as well as their general inclination, which often
amounts to 15°, These dislocations show evidences of such mountain-
building forces as have not been displayed in this region since the close
of Tertiary times. ‘

These deposits are mainly confined! to the limited areas to the south
and east of Menemsha and Squipnocket ponds, though several small
patches of apparently similar material have been noted around the
northern border of the island. Moreover, there are reasons® for sus-
pecting that the lower clays of Nantucket,® others on No Man’s Land,
and possibly certain others in Duxbury may belong to this series.

NAUSHON.4

Immediately to the northwest of Marthas Vineyard is the island of
Naushon, composed for, the most part of reddish and yellowish sands,
with oceasional water-worn pebbles. The surface of these great arena-
ceous deposits is worn into forms characteristic of glacial erosion and is
strewn with glacial débris. The time of their deposition may, therefore,
be supposed to antedate the last glacial period, though to what extent
is unknown. Similar deposits, however, have been noted about the
. shores of Marthas Vineyard, which lie unconformably upon the up-
turned edges of the Weyquosque series. Shaler is inclined to believe
that these sands are more nearly related to the deposits of the glacial
age than to those of the preceding series.

NEW YORK.
LONG ISLAND.

Both Hitchcock® and McGee® have mapped the southern portion of
this island as belonging to the Neocene or post-Eocene Tertiary.
Very few facts, however, have been given m proof of this view. The
island is little more than a glacial moraine, a mass of débris, both un-
modified and in every stage and form of modification. Judging from
the character and position of the brown and red plastic clays of Hunt-
ington and Gardiners Island, Mr. Merrill” has been led to surmise that
they may be of Tertiary age. The paleontological evidence brought
forward in support of this view consists of a shark tooth, which might
indicate an Eocene or Miocene period.

If the reported find of an Ezogyra costata® between Brooklyn and
Flatbush be authentic, there would seem to be little doubt as to the

17. 8. Geol. Survey, 7th Ann. Rep., pl. xx, opp. p. 308.

2Ibid., p. 341. :

3Ibid., and Bull. 53, U. 8. Geol. Survey, 1889, p. 34.

4T. 8. Geol. Survey, 1888, 7th Ann. Rep., pp. 342-343.

§ Geol. map of the United States, compiled by C. H. Hitchcock, 1860,
6Ybid., W. J. McGee, 1884.

7F. J. H. Merrill: Ann. N. Y. Acad. Sci., 1886, vol. 3, p. 356.

8 Cozzen’s Geol. History of L. I., 1843, p. 51.
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existence of Cretaceous beds on this island. Between these bedsand
the Columbia® and glacial deposits above, Tertiary deposits do per-
haps exist.

NEW JERSEY.

Though very few localities have yielded fossils characteristic of thie
Miocene beds, there is good reason to suppose that such beds are ex-
tensively developed in the southeastern portion of the State.

Their northern limit can not be accurately determined,? on account
of the superincumbent superficial deposits, but it may be supposed to
extend in a general way from Asbury Park, southwest, to the mouth
of Salem Creek; south of this line none but Miocene and Quaternary
deposits appear.

Topography.—That portion of the State included within the limits
referred to above consists, for the most part, of level, sandy plains cov-
ered with forests of pine. The streams meander through flat valleys
and are usually bordered by impenetrable swamps of white cedar, often
miles in extent. The sea and Delaware Bay shores are fringed by an
intricate network of creeks and are broken by numerous bays.* In
this section of the State there are but two considerable areas whose
mean elevation exceeds 100 feet above tide. The more northerly of
these occupies the western part of Ocean County, together with a por-
tion of Woodland township in Burlington County. It contained two
points which respectively rise to the height of 208 feet above tide, the
one 4 miles northwest of Cedar Bridge, the other 3 miles southwest of
Shamong Station, called Applepie Hill.* The more southerly elevated
area occupies the southeast central portion of Camden and Gloucester
counties, together with the central portion of Salem and the extreme
northern part of Cumberland counties. The highest point in this area
is 2 miles north of Berlin, on the line between Camden and Burlington
counties, where an altitude of 214 feet A. T\ is attained.

These two more elevated areas are separated by a marked depres-
sion which extends across the State in a northwesterly direction from
Great Bay to Burlington. Along this line of depression the watershed
between the Delaware River and ocean systems of drainage is very
low,’ reaching a minimum of 85 feet A. T.

TIIE MIOCENE MARLS.

In the southwestern part of the State the erosive action of Stow Creek
has exposed the upper portion of a bed of gray marl containing typical
Miocene fossil remains. It is from this horizon that the fossils enu-

1 Am. Jour. Sci., 3d ser., 1888, vol., 35, pp. 383, 453, 455, et seq.

2 Cope states (Proc. Phila. Acad. Nat. Sci., 1872, p. 14) that a thin stratom of loamy sand containing
terrestrial vetebrate remains of the Miocene period overlies the Eocene marl on Shark River.

3 Geol. Survey N.J., Ann. Rep., 1887, p. 18.

¢ Geol. Survey, N. J., 1888, vol. 1, Topog. Magnet. Clim., p. 170.

6 Geol. Surv. N. J. (Geo. H. Cook, State Geol.), 1888, vol. 1, p. 170.
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merated in various publications as *‘from Jericho and Shiloh, near
Bridgeton, N. J.,” are obtained.

The Shiloh marls.—A visit made by W. H. Dall in June, 1888, to the
classic locality at Shiloh and its vicinity, afforded the following obser-
vations:

Section at Shiloh, New Jersey.

6 inches vegetable mold.

10 feet drift gravels rather fine and sandy.

2 feet yellow marl.

2 to 3 feet black marl.

8 to 10 feet shell marl.

Blackish sand not marly and of unknown depth.

Above the barren black sand which underlies the marls are three
distinet successive unconformable marly strata, locally known as the
¢“Shell marl,” the ¢Black marl,” and the ¢Yellow marl.”

The lower stratum, or Shell marl, when moist, as it lies in the bed,
is blackish, becoming grayish green when dry, with numerous rolled
fragments and broken pieces of white fossil shells scattered through it.
‘With these fragments are occasional perfect valves or complete speci-
mens of Turritella, Astarte, Orassatella, and Balanus, with occasional
sharks’ teeth and other vertebrate remains.

The upper surface of this bed is very irregular, with small and large
rounded hummocky hillocks separated by lower areas or channels, the
whole bearing evidence of having been deposited in disturbed water
subject to strong and irregular currents. -

Above the Shell marl and unconformably filling its cavities is the
Black marl, destitute of fossils and clayey or unctuous to the touch.
The layer of this is two or three feet thick and its upper surface is worn
into irregular rounded lumps, like that of the Shell marl surface below,
but not conformably to the latter.

Above the Black marl is the Yellow marl, also destitute of fossils for
the most part and unconformable with the surface below it. It is less
unctuous than the Black mar], but rather greasy, of an orange brown
color and does not average over two feet in thickness. It is sometimes
absent in spots or indicated only by a narrow yellow line, and also has
an irregularly worn, lumpy surface.

About 10 feet of sandy drift gravel, capped with some 6 inches of
vegetable mold, overlies the marls.

The areas in which these marls occur are patches of comparatively
limited extent, not indicated by any surface features, so that explora-
tion is always required to determine whether there is any marl under
a given field or not. The succession of the beds at Marlboro, Shiloh,
and Jericho was essentially the same in all the pits and sections ex-
amined. 4

The appearance and contents of the beds strongly recall the condition
of the sea bottom off Hatteras at the present day, where Miocene and



D } MARLS OF SHILOH AND JERICHO. 41

Pliocene sharks’ teeth are being mixed with those of recent species and
Miocene fossil shells come up in the dredge with living forms. The
turbulent and irregular whirls and currents which are characteristic
of the sea off Hatteras were paralleled in the waters in which these
marls were laid down, and the genera represented in the latter are the
same as those of the recent shells dredged off Hatteras.

It may be added that the ferruginous matter, to which the Yellow
marl owes its color, sometimes settles to the bottom of the stratum and
forms a thin hard Iayer over the upper surface of the Black marl below

it. The latter is occasionally ab-

& Sand and loar. sent, so that the Yellow marl rests

15" Bluo and black clays. directly over limited areas upon
~ the surface of the Shell marl bed.

The area in which these marly
deposits are found is very limited.
Its most northerly portion now
known is about 3 miles north of
Shiloh, whence it extends in a nar-
row belt in a southwesterly direc-
tion to a point about 13 miles south-
west of Jericho. The average
thickriess of the beds has been esti-
mated! at from 10 to 15 feet, though,
on account of the undulations of
42" Dark clay. both upper and under surfaces,

these figures mustbe understood as
20" Greensand maxl, shells, and only approximate. The nature of
335 [ 15 Pure greensand—nofossils. the formation beneath the mal is
¥16. 1.—Section of artesian well at Winslow, Salem not well exhibited in the vieinity
County, N.J. referred to by Prof. Cook. Immedi-
ately above it, he states, there lies a bed of Black marl, varying in
thickness up to 6 feet; upon this in turn rests a yellow earthy deposit
of from 1 inch to 3 feet in thickness; above the latter appear the surface
gravel and sand. The order of superposition, however, is not constant
on account of the absence of some of the above-mentioned strata or
the interpolation of others.

The stratigraphic relations of this bed to others of presumably Ter-
tiary age can best be seen by referring to the section of the artesian
well at Winslow, Salem County.? (See Fig. 1.)

The bed termed ¢ Miocene marl” in this section is probably the same
that appears on the branches of Stow Creek.

Its thickness is here represented as being 35 feet when taken in con-
nection with the clays above. Beneath this there is a deposit of *1ni-
caceous sand” 107 feet thick, that appears not to have been identified
at any place on the surface. Below this stratum of sand there is a

5
20/

95’ 'White sand (glass sand).

35/ Dark clay (Miocene marl?).

107/ Micaceous sand.

257

3007

tGeorge H. Cook: Geol. of N. J., 1868, p. 296.
2See Geol. N. J., 1868, pp. 201-202,
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deposit of “dark clay,” evidently identical with the “astringent clays”
of later reports.! The “Greensand marl, with white shells and teeth,”
below the “dark clay,” is evidently

the Eocene marl bed that appears

at the surface about Deal and

Shark River in Monmouth County.

285 Superfoalsands, gravels lmAbox.re the “dark clay,” that rests
and clays. mediately upon the ¢ Miocene
marl” is a stratum of ¢ Glass sand”

95 feet thick. This sand forms the

surface rock of no less than one-

fourth of the whole Tertiary por-

131" Blackish clays and sand. 360 of the State. South of the
valley of Mullica River it is for

285/

(o 19 Bluish clay.

s . the most part obscured by later
§ deposits, except along the valleys
% 235" Greenish clay and marl, of th.e GI‘ eat Egg Harbor a.l d
Z - :"ﬁé‘;ﬁ:"é‘;‘;’i“ﬁ"“:}‘z‘,{? Maumce rivers. North of Mullica
g geams of brittie marly 1viver the strips of Glass sand alter-
- clay. nate with those of later deposits,
691/ 2 Blackish and brownish gq0}) extending in a general south-
72 81" Chocolate-colored clays.  @asterly direction from the Creta-
84 Fglsi]lllnsfeggssfll;)i{sé S&I;(%g, ceo—Tertlary boundary line to the

806/ low Atlantic shore.
g - 60’ Bﬁﬁ]&iﬁﬂ‘ br;v‘lgltigglﬁd.and Section of the well at Atlantic
g City, N. J—In 1886787 a well was
2 g 78 Dark marls, and elays.  gnnk at Atlantie City to the depth
?5’ 60" Green and black mar1,  Of 1,150 feet, which proved beyond
R o9y all doubt the general and wide dis-
o0 Sand, mostly _yellowish tribution of Miocene deposits in
groy, and follof barna- this part of the State. The section?
e B = v;flste sand. water.  here given (Fig. 2) is compiled from
12y an article by Mr. Woolman in the

F16. 2.—Section of well at Atlantic City, N. J. . . .
v Proceedings of the Philadelphia

Academy of Natural Sciences. Many fossils were obtained from the
borings of this well?, but unfortunately the depths from which they
respectively came were not recorded, with perhaps three exceptions, viz:

Turritella plebeia came from a depth of 450 feet.

Corbula elevata came from a depth of 730 feet.

Perna maxillata came from a depth of 800 feet.

! See Rept. of 1886, Geol. Surv. N. J.

2Lewis Woolman: Proc. Phila. Acad. Sci. for 1887, pp. 330-341.

3Prof. Angelo Heilprin identifies the following species: Anomia (prob. ephippium), Arca centenaria
A. subrostrata, A. (idoneaf), A. (lienosa?), Artemis (acetabulum), Astarte compsonema, A. abrupta, A.
perplana, A. thomasii, Cardita granulata, O. arata, Crassatelle melina, Corbula idonea, O. elevata,
Cardium (prob. laqueatum), Oytherea, Discina lugubris, Donax (variebilis?), Fulgur, Lucina trisulcata,
Mactra lateralis?, M. ponderosa, Mytiloconcha tncurva, Mytilus incrassatus, Mysia, Natica catenoidea,
Nassa trivittata, Nucula obligua, Ostrea, Pecten madisonius, P.humphreysii, P.vicinaria, Tellina
subreflexa, T. declivis, Turritella cumberlandiana, T. cquistriata, Turbinella woodii. Also shark
teeth, barnacles, eto.
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The division of that portion of the section below 400 feetinto ¢ Middle”
and “Lower ” Miocene is said to be based upon ¢ paleontological evi-
dence,” but the propriety of the division is certainly questionable while
so little is known in regard to these deposits.

A second well was drilled in 1888, on which Mr. Woolman has given
some notes! in regard to the diatoms and Foraminifera. These occur
in a series of clay beds, separated by sand beds, the whole aggregating
250 feet in thickness and extending from a depth of 387 feet to 638 feet.
The clays contain diatoms in abundance, though they are almost absent
from the sand. Samples from 406 feet and 550 feet are especially rich.
About 100 species have been catalogued by C. H. Kain. Nearly all the
forms occurring in the diatomaceous outcrops of Maryland and Virginia
have been recognized, except two or three regarded as characteristic of
the outcrop near Nottingham, Maryland, on Lyons Creek. Mr. Wool-
man regards these diatomaceous beds as belonging collectively to the
Miocene, though referable to various separate horizons, of which that at
Nottingham is probably the lowest.

Five forms of Foraminifera were found at 455 feet and fifteen forms
at 1,125 feet, those of the upper horizon recurring in the lower level,
and all practically the same as species described by d’Olbwny in 1840
from the Miocene clays of Vienna, Austria.

A Nonionina is now the common recent foraminifer in the Atlantic
City sands, an ounce of which has been computed to contain 18,000
specimens. This, which is almost the only form now found on the New
Jersey coast, does not occur in the samples obtained from the wells.

CENOZOIC SANDS.

#

Above the so-called ¢ glass sand” 2 of this State there is a deposit of
coarse white sand of more than 100 feet in thickness, which forms the
base of the highest hills southeast of the marl belt. It may be seen in
the Hominy Hills east of Freehold, and also in Apple Pie, Bear Swamp,
and Governors Hills, as well as in the high ground of the plains, and
especially near Lakewood and in the Forked River Mountains. This
deposit Prof. Cook? has classified as Tertiary, though for want of pale-
ontological evidenceits geologieal horizon is not known with any degree
of certainty.

Above this deposit of coarse sand, a series of beds of blue or
light colored clays* may be seen at Winslow, near Wheatlands, Mount
Misery, Vineland, Millville, and elsewhere. Whether these beds are
Upper Pliocene or Pleistocene is uncertain. Resting unconformably
over all these beds is a deposit of ¢yellow gravel.” This is presum-

1 Microscopical Bulletin of Queen & Co., Phila., Dec., 1888, vol. 5, No. 6, p. 41.
2 Geol. Surv. New Jersey, Ann. Rep. for 1886, by Geo. H. Cook, p. 133.
8Tdem.

¢Idem.
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ably post-Pliocene! and will accordingly receive no further attention
here.

Dip.—By calculations based upon the depths at which the various
marl beds were found? in the ¢ Ocean Grove” well, together with the
position of their respective outcrops, it has been found that the dip
of the Tertiary beds here represented is about 25 feet per mile in a
southeasterly direction. From various observations and calculations
Prof. Cook® concludes that the dip in the southern part of the State
varies from 20 to 40 feet per mile in the same generai direction as stated
above.

PENNSYLVANIA.,

In accordance with the results of the most recent and trustworthy
investigations, there appear to be no deposits belonging to the Tertiary
system in this State. But since certain clays, lignites, ores, gravels,
and conglomerates have been supposed by various authors to belong to
this system it may be worth while briefly to consider the reasons that
have led to these suppositions, together with those by which they have
been opposed.

Cenozoic gravels.—At an aver age distance of 5 miles from the Dela-
ware River, in the vicinity of Philadelphia, roughly parallel to it, there
extends a prominent gneissic elevation, termed by Lewis* the ¢ upland
terrace.” Within this terrace, and resting upon its slopes there is a
deposit of gravel, termed® ¢ fossiliferous gravel” by the same author,
and identified by him with the ¢ yellow gravel ” of New Jersey.® This
he regards as ¢ probably of newer Pliocene age,”” drawing his conclu-
sion from facts substantially as follows: Unlike the Quaternary gravels
and clays this deposit is not limited in extent, but occurs all along the
Atlantic seaboard of the Southern States. It is therefore of oceanic
origin, It is characterized by small water-worn pebbles of quartz and
quartzitic rocks. There are also occasional pebbles of flint and fossilif-
erous hornstone and chert. It contains no bowlders, and its pebbles
nearly all bave a water-worn, eaten appearance. The great amount of
erosion it has suffered and the decomposed state of the beds upon
which it lies point to the conclusion that it is an ancient deposit of
marine origin, made during a submergence in preglacial times. The
glacial drift overlies and is consequently more recent than this yellow
gravel. To these various arguments it is only necessary to say that
they are equally applicable to the beds of the Columbia formation;

1Geol. Surv. N. J. Ann. Rep. for 1886, p. 133; see also McGee's article on the Columbia formation in
Am. Jour. Sci., 3d ser.. 1888, vol. 35, pp. 383, 452433, etc.

2Geol. Surv. N. J. Ann. Rep. for 1883, p. 19.

3 Geol. Surv. N. J. Ann. Rep. for 1886, p. 129.

4H. C. Lewis: Jour. Frank. Inst., 3d ser., May, 1883, vol 85, pp. 359-372.

5 Proc. Phila. Acad. Sci. for 1880, p. 267.

6Geol. Surv. N. J., Ann. Rep. for 1886. p. 127.

7 Jour. Frankl, Inst‘, 3d ser., May, 1883, vol. 85, pp. 370-371.



bALL A} PENNSYLVANIA. 45

HARRIS.

and that, according to Lewis’s own statement, this depositis but a con-
tinuation of the ¢ yellow gravel” of New Jersey, whose post-Tertifry
age has already been proved.

Back of the upland terrace there are isolated patches of two surface
deposits, which from their elevated position and peculiar lithological
characters are evidently more ancient than the gravels just described.
In 1878 Mr. Lewis! named these deposits the ¢ Branchtown clay” and
“Bryn Mawr gravel,” noted the identity of their contained bowlders,
and assigned them to a Tertiary period.

In subsequent discussions? he seems to have discarded the first-men-
tioned name, but discusses thé “Bryn Mawr gravel” in great detail,
giving its peculiar lithological characters and geographical distribution,
and reiterated his views as to its Tertiary age. The antiquity of the
deposit, as stated above, is proved by its elevated position and its lith-
ological characters, entirely different from the Columbian and Glacial
formations below. Nevertheless, these arguments would be equally
applicable to pre-Tertiary or even pre-Cretaceous deposits; so that,
with no other evidence to the contrary, there appears to be no reason
for doubting McGee’s identification® of this “gravel” with his “Poto-
mae formation.” It is, however, worth while to note that Lewis* finds
that “a precisely similar formation caps some of the hills in New
Jersey. On top of the hill at Mount Holly, N. J., is an identical c¢on-
glomerate of gravel, similar in appearance and composed of the same
materials as the formation in Pennsylvania. The conglomerate has the
peculiar ferruginous glaze already noticed. It here overlies Cretaceous
marls and sands.”> )

Iron ores and lignites, supposcd to be of Cenozoic age’—The stratig-
raphy of the various ¢ Tertiary” lignitic and iron-ore deposits of south-
custern Pennsylvania, especially of Montgomery County, has been care-
fully studied by Mr. Lewis, who has found them severally of the Bryn
Mawr gravel horizon,” or stratigraphically beneath it.® Owing to the
probable age®of this gravel, these lignites and ores will not be dis-
cussed here.

DELAWARE.

Geographical distribution of Cenozoic deposits.—The Cenozoic as well
as the older deposits in this State are covered to such an extent by the
Columbia’ formation that their geographical distribution is as yet but

1Proc. Phila. Acad. Sci. for 1880 pp. 268-272.

2Tbid., p. 277, 288,289. Jour. Frankl. Inst., 3d ser., May, 1883, vol. 85, p, 371.

3 Am. Jour. Sci,, 3d ser., 1888, vol. 35, p. 180.

4¢Jour. Frankl. Inst., 3d ser., May, 1883, vol. 85, p. 372.

5Recent observers have informally expressed the opinion that these gravels would prove to be
Lafayette.

6Proc. Acad. Nat. Sci. Phila. for 1880, vol. 32, pp. 281-291.

7Ibid., p. 288.

8Ibid., pp. 288-289.

9 Upper Jurassic; Am. Jour. Sci., 3d ser. 1888, vol. 35, p. 138.

19The ‘‘ Delaware gravels " and * Estuary sands” of Chester. See Am. Jour. Sei., 3d ser., 1885, vol. 29,
P- 36. The “ Lower clays” of “‘recent (post-Tertiary) origin. ' Booth, Mem. Geol. Surv. Del., 1841, p. 94,
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indefinitely known. According to the interpretation of Mr. F. D.
O]iester,l the boundary line between the Cretaceous and Cenozoic sys-
tems extends across the State in an ENE. and WSW. direction, pass-
ing in its course about 3 miles south of Middletown. From this line
south as far as Murderkill Creek a belt of Miocene clays occupies the
whole width of the State, just beneath the Columbia formation. Still
farther to the south the pre-Columbia sands and clays are, according
to the same author,? presumably of ¢ later Pliocene” age.

Judging from the general trend of the Tertiary outcrops in adjacent
States, it seems probable that the foregoing statements approximately
represent the truth, provided only that the ¢ glass sand” of New Jer-
sey and this State be regarded as Pliocene, a supposition for which
there appears to be no paleontological evidence.

Stratigraphy.—The uppermost layer in the Cretaceous system is, ac-
cording to Booth,’ a sandstone or conglomerate which separates the
fossiliferous sands below from the Yel-
low clay formation of the Appoquini-
mink hundred above.

The last-named formation consists for
the most part of yellow clay,* though

1/ 6" Soil.

3/ 6" Black sand.

6 6 Yellow sand. beds of coarse gravel and bluish and
whitish clays are not uncommon. Not
¥ Pebbles. far from Blackbird, on the north bank

of a creek of the same name, a well was
dug to the depth of 15 feet and a bor-
ing made 7 feet deeper. A section is
4 Blue clay. givenin Fig. 3 of the various bedspassed
=== . through, together with their respective
e s‘ﬁiﬁ“é‘;ﬁi (;f,llt;e&flm\md’ ‘thicknesses® The Yellow sand con-
tains numerous particles of green sand,
and hence has been supposed to be derived from Cretaceous deposits.
Not far from the same locality fragments of silicified wood are fre-
quently seen, which belong, perhaps, to the genus Pinus.® No other
fossils seem to have been noted in this ¢ Yellow clay formation.”

Just how much of the section here represented Mr. Chester would
consider Miocene and how much Columbia?is a difficult question to
settle; yet, from his brief characterization of the Miocene bed of this
State, it may be presumed that at least the lowest 4 feet of the boring
penetrates into Miocene clay.

Farther to the south, along the branches of Old Duck Creek?, per-
haps 4 miles below Smyrna, a stratum of blue clay appears, proved to

5’6" Whiteand yellow clays.

1 Proc. Phila. Acad. Nat. Sci., 1884, p. 240. Map.

2Ibid.

8James C. Booth: Memoir of the Geological Survey of Delaware, Dover, 1841, pp. 53, 88,
4Ibid., p. 89.

& Ibid., p. 90. .

$Mem. Geol. Surv. Del., 1841, p. 89.

7Cf. McGee. ‘“‘Delaware Gravels' of Chester’s nomenclature.

8 Mem. Geol. Surv. Del., 1841, p. 81,
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be of Miocene age by-the fossil shells it contains. The clay is mixed
with white sand in such proportions as to crumble without difficulty,
when dried, to a leaden gray, pulverulent mass. In some instances the
upper layer of this stratum consists of a ferruginous sandstone, averag-
ing a foot in thickness, and abounding in casts of shells. Among these
have been noted! Venus alveata, V. inoceroides, Nucule lwvis, Myocon-
cha incurva ?, Pecten madisonius, Mactra, Cardium, and Serpula. The
blue argillaceous layers below contain
3?1;0?“‘1‘{:?11{‘;3]10“'eﬁtei casts of apparently the same genera
sad oYY and species.  The thickness of the whole
1 Sandstone, very fos- Stratumis known to be at least 12 feet ;
) B;ﬁf{;‘;; and, like the Miocene clay of New Jer-
sey, becomes somewhat arenaceous in
its lower parts. Aboveit reposes a bed
of reddish yellow sand, passing at times
into a similarly colored clay and capped
by a gravelly layer cemented into a conglomerate by oxide of ironm,
while this in turn is covered by a light, loamy soil. The order of super-
position, together with the thickness of the various strata, is repre-
sented in Fig. 4.

Farther to the southwest, near the headwaters of Choptank Creek, a
blue clay has been observed ? at “ Smith’s mill,” rising a few feet above
tide, differing in no respect from that on Old Duck Creek except in the
absence of fossils. It is also overlain by a yellow gravel sand and loam
and capped by gravel. This clay, according to Booth, appears to be
continuous with Miocene clays lower down the Choptank, and it may
therefore be a continuation of that at Old Duck Creek.

For several miles southward from these creeks the substratum of
clay® observable in nearly all the streams seems to be without fossil re-
mains. On Jones Creek, east of the [FZEE
Statehouse* the clay rises a little above
water level and appears to be of a gen-
eral yellowish color, though streaked
with & few white seams. Upon it rests
a reddish gravelly loam 8 or 10 feet
thick, and upon this in turn a yellow- J Yellow sand.
ish sandy loam 4 or 6 feet in thickness. “yroo on Souss Crosk. Tont Counte,
The greatest known thickness of the Del
Yellow clay stratum (15 feet) was obtained by a boring near the junction
of Tydbury branch and Jones Creek. The yellow sand at the bottom,
however, may be only a subordinate bed in the clay. The accompanying
section (Fig. b) represents graphically the sequence, character, and
thickness of the above-mentioned deposits.

Fi6. 4.—Section af ‘Wales’s mill-dam, near
Smyrna, Del.

4'-6' Yellowish brown loam.

8'-10’ Reddish gravelly loam,

15’ Yellow clay.

1Mem. Geol. Surv. Del., 1841, p. 81,82, P, madisonius is on Dall’s authority.
2Ybid., p. 83.

8Ibid., pp. 91-94,

Ibid., p. 92, ‘
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It is evident from the statements of Chester' that he regards this
stratum of clay as a continuation of the fossiliferous deposit on Old
Duck Creek. Booth? is inclined to think it stratigraphically above
this deposit, and below that of Murderkill Creek to be described here-
after. :

Little is known definitely regarding the dip of the various Tertiary
and Quaternary deposits of this State, but upon general principles it
hasbeen assumed that there is a general low dip toward the southeast.?
The observations of Booth,* however, tend to show that the city of
Dover is located in a general depression of the subjacent strata. The
slight northern dip for some distance southward from Dover tends
to prove that the stratum of clay under consideration merges into the
blue fossiliferous clays of Murderkill Creek.

Along the confluents of this creek, in the neighborhood of Fred-
erica, the Miocene is again fully developed, abounding in fossil re-

mains. A typical section of the rep-
172 Sand and forruginous pegentative beds of this vicinity was
conglomerate. . . .

obtained at *Springmills” by Booth,®

3’ Brownish yellow sand.
which is here represented graphically
3’ 6/ light gray sand with

casts. (Fig. 6). “The uppermost stratum is
Tronstone— Pecten. loose sand, below which is a ferruginous
Bluo clay. conglomerate of sand and pebbles, 1 to
Water level. 2 feet thick; next a brownish yellow
Blue clay. sand, containing alarge portion of oxide
of iron, 3 feet, at the bottom of which

TF1g. 6.—Section at “‘Springmills,” Frederica, . f . . i
Kent County, Del. is a thin layer of gravel; still lower a

light gray, somewhat argillaceous sand,
partially indurated, and abounding with casts of shells, from which the
carbonate of lime has been wholly removed and sometimes replaced
by a thin coating of brown oxide of iron, excepting in one instance,
in which a part of a single shell remained; its thickness is from 3 to
6 feet; below it is a stratum of hard ironstone, 1 foot; and the lowest
stratum visible is a blue clay similar in every respect to that of the
Northern Tertiary (at Old Duck Creek), consisting of more or less white
sand imbedded in a highly tenaceous blue clay and abounding in impres-
sions of the same shells that characterize the upper white sand. The
hardest shell-casts’ are found in the ironstone, and among these we
recognize a large scallop shell, probably the Pecten madisonius. A
boring made to the depth of 5 feet below tide-water offered no vari-
ation in the nature of the blue stratum.”
The series of sands and clays termed Pliocene by Chester,’ occupies

1Proc. Phil. Acad. Nat. Sci. for 1884, p. 240.

2 Mem. Geol. Surv. Del. 1841, pp. 91, 93.

81bid., p. 93, and Proc. Acad. Nat. Sci. Phila. for 1884, p. 240.
4Ibid., pp. 92-93. :
8Ibid., p. 86.

¢ Proc. Phil. Acad. Nat. Sci. for 1884, p.240.
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that portion of the State to the south of Murderkill Creek. That some
of the sand beneath the Columbia formation may represent the Glass
sand of New Jersey seems very probable ; but, admitting this, their
Pliocene age, as before stated, is not proved for want of paleontological
evidence. Booth! includes all these beds under ¢ Recent Formations.”

MARYLAND.

'fhe terms Eastern Shore and Western Shore have been used to des-
ignate those portions of the State lying respectively to the east and
west of Chesapeake Bay. For the sake of convenience and perspicu-
ity, the Miocene deposits of ‘these two divisions will here be considered
separately.

EASTERN SHORE MIOCENE.

According to Mr. Uhler? the southeastern boundary of the Eocene
in this part of the State begins ¢ near the head of the Andover branch
of Chester River, next the Delaware line,® and extends, in an inter-
rupted order, west of southwest past Sudlersville, Churchill, and Center-
ville, and, taking in Kent Island, crosses to Chesapeake Bay.”

Several characteristic Miocene fossils have been found at Easton, on
Treadhaven Creek.* The southern limit of the Tertiary series has been
defined® as extending from near the head of the Little Choptank east-
ward to the Delaware line. The evidence upon which this limitation
is based is wholly lithological and very unsatisfactory.

WESTERN SHORE MIOCENE,

On this side of the Chesapeake the southeastern boundary of the
Eocene is said ¢ to begin at the mouth of West River; thence it passes
in a general southwesterly direction, above Lower Marlboro, to near
Ludlows Ferry on the Potomac. To the south of this line the penin-
sula is mainly composed of Miocene beds, overlaid by the Columbia
formation.”

The knowledge hitherto acquired in regard to the Miocene of this
state has been obtained almost exclusively from examinations made
along the low banks and escarpments of Chesapeake Bay and the
Patuxent and Potomac rivers. In the following discussion, the forma-
tion as it appears along the above-mentioned bodies of water will be
considered as constituting three sections, extending from the Eocene

1 Mem. Geol. Surv. Del., 1841, p. 94.

2 Trans. Md. Acad. Sci., 1888, p. 30.

3At ““Wye,"” doubtless the modern Wye mills in the extreme northern part of Talbot County,
Prof.J. W. Bailey found the *Infusorial Stratum” of Rogers ** with all its usual characteristic spe-
cies.” Am. Jour. Sci., 2d ser., 1851, vol. 11, pp. 85-86.

4Second Bull. Proc. Nat. Institution, 1841-'42, p. 176, Proc. Acad. Nat. Sci.Phil. for 1880, p. 25.

5 ¥irst Rept. of State Agric. Chemist, Md., 1860, p. 44, map.

¢ Trans. Md. Acad. Sci., 1888, vol. 1, p. 30.

? Am. Jour. Sci., 3d ser., 1888, vol. 35, p. 380, 383, 449,

Bull, 84——4
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on the north to the Pleistocene beds on the extreme end of the penin-
sula.

Section along the west shore of Chesapeake Bay—In accordance with
Conrad’s observations,' the northernmost outcrop of Miocene deposits
along this section is that near Fair Haven, Anne Arundel County.?
The bluffs in this vicinity generally rise to the height of about 50 feet
above tide, while their continuity is interrupted by numerous valleys
of bayward-flowing streams. The lowest stratum, level with the tide,
is composed of clay, containing a layer of Ostrea percrassa, Vola
humphreysii, and various other species. The top of this stratum is
about 5 feet above the level of the bay. =Above is a light-colored clay,
containing great numbers of siliceous casts of small shells, chleﬂy Tur-
ritellas; to this succeeds a whitish clay without fossils,

Section at Fair Haven, Anne Arundel County, Md., after Conrad.?

Feet. Character of strata.

50 | Whitish clay.

.................................................................................

Bones of cetacea.

3 | Clay, with siliceous casts of marine shells, and fragments of bones.

5 | Clay, with Ostrea percrassa and Vola humphreysii.

This locality is ¢ interesting from the occurrence of joints which trav-
erse all the strata without interruption, and which were evidently
produced by the same cause as those in Paleozoic formations.*”

About 20 miles south of Fair Haven (‘ near Col. Blake’s”?) the escarp-
ment is atleast 150 feet high. At its basethe clay stratum is replete with
a species of Tellina, and above this, at about 6 feet elevation, there is a
thin stratum of Ostrea percrassa. The upper portion of the cliff con-
sists of sand and clay, apparently destitute of fossils. At a point a
few miles farther to the south (“Capt. Hance”®) a small stream has
worn a channel in the bank and exposed the beds of a mixture of sand
and clay, in general very incoherent, with numerous fossil remains. Its
elevation is but a few feet above the level of the bay. TFrom it Conrad
cites thirty-seven species of Mollusca.” Three or 4 miles farther to the

! Second Bulletin, 1841, Proc. Nat. Inst., p. 181.

2Prof. J. W. Bailey discovered (Am. Jour. Sci., 2d ser., 1849, vol. 7, p. 437) the ‘‘Infusorial
stratum” of the Lower Miocene, at Herring Bay, on the west coast of Chesapeake Bay.

37T, A. Conrad, Second Bull. Proc., Nat. Inst., 1841-'42, p. 181, '

4Ibid.

5Ibid.

6 Ibid.

7Xbid.
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south (Capt. Beckett’s') there is another vertical cliff, perhaps 35 feet
in elevation, whose basal portion is formed of a brown mixture of sand
and clay, and contains the same fossils as those found at ¢ Capt.
Hance’s”; above, the fossils occur, but less frequently; then succeeds
a 20-foot stratum of sands and clays apparently without fossils; above,
and resting on this, is a stratum of quartzose sand, very ineoherent and
filled with shells, among which are Dosinia acetabulum, Discina lugu-
bris, and Pecten madisonius.

Cliff near ¢ Capt. Beckett’s,” Calvert County, Md.?

Feet. : Character of strata.

5. Sand, without shells.

3 | Sand, with innumerable shells,

20 | Mingled sand and clay, without fossils, or very rare.

3 | Same as below; less numerous.

4 | Sand and clay, with a group of shells like that at Hance’s.

From this place to the mouth of the Patuxent, escarpments contain-
ing Miocene fossils are numerous. It is not, however, till Cove Point is
rounded that they have received any scientific investigation. In the
vicinity of Cove Point, both Conrad® and Clark* have noted the occur-
rence of cetacean bones; and between this point and the mouth of Pa-
tuxent River each has noted the occurrence of a great number of fossil
mollusca. Concerning the geology of this section between the mouths
of the Patuxent and Potomac no observations seem yet to have been
recorded.

Section along the Patuxent River.—On the Calvert County side of the
Patuxent Rlver, about three-quarters of a mile below Lyons Creek, an
abrupt bank rises to the helght of 44 feet.> In the lower portion typlcml
Eocene materials and fossils appear, while in the upper part there is a
stratum of diatomaceous earth, or * Tripoli,” about 3 feet thick. From
this point to Hollands Cliffs, 24 miles below Lower Marlboro, the upper
surface of the Eocene approaches nearer and nearer the level of the
river, while the stratum of Tripoli increases to a thickness of 30 feet.
This in turn is here overlain by a slightly ferruginous sand, about 6

1L, A. Conrad, 2d Bull. Proc. Nat. Inst., 1841-'42.

21bid, p. 182.

31bid., p. 183.

4 Johns Hopkins University, Circ. No. 65. April, 1888, p. 3.
$P. R. Uhler: Trans. Md. Acad. Sci., 1888, pp. 22, 23.
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feet thick, holding an abundance of Miocene shells, Perna mazillata
and Ostrea percrassa. At a short distance above Coles Creek, Miocene
blue sandy clay appears. }

Miocene beds very similar to these have been noted by Conrad at
some distance away from the river, but which can be most conveniently
discussed in this section. At Huntington! in the northern part of Cal-
vert County, about 4 miles east of the river, he found Perna mawillata
at the bottom of the race-way excavation, in a quartose sand, above
which rests a “blue marl, with shells similar to the group at Captain
Hance’s. Three miles from here, at the bottom of a ravine, great num-
bers of Perna maxillata and Discina lugubris are imbedded in a lead-
colored clay. At Charlotte Hall,® between the Patuxent and Potomac,
Mr. Conrad found Perna maxillate at the bottom of a ravine, in a matrix
of sand, above which rested a 30-foot bed of ¢ diluvial.”3

Returning again to the Patuxent river,* at a point not far from Ben-
edict where the cliffs are very high, their upper portions are formed of an
arenaceous fossiliferous bed some 15 or 20 feet in thickness; beneath
this, as is known from observations farther down the river, are Perna
maxillate beds. Two or three miles farther down the river the arena-
ceous bed becomes thinner, is filled with Scutella alberti, is overlain by
a thin bed of Ostrea virginica, and beneath it, to the water’s edge, is a
bed replete with Perna mawxillata. Six miles farther to the south (*“at
the landing of Dr. Gilliams”) the Scutells rock reaches the water’s
surface. At a distance some 12 miles from Benedict a range of cliffs
begins that continues to the mouths of the Cuckold and St. Leon-
ard’s creeks. Near the base of the bank, at the mouth of the last-men-
tioned creek, a rock appears which resembles in its lithologic character
the Scutella rock before mentioned, and is characterized as follows:
“This rock has originally been a stratum of coarse sand, full of frag-
ments of Balanus proteus, mixed with many whole specimens of the
same, and of Pecten madisonius, which abounds on the upper surface.”
Much of the sand has been washed out, and the remainder of the
stratum has become cemented by carbonate of lime and oxide of iron.
It is a very porous rock, with an exceedingly craggy orirregular surface.

Resting upon this is a stratum of fine, siliceous sand, cemented by
carbonate of lime, in which are imbedded innumerable casts of Perna
maxillata, with many Pholas ovalis. At the mouth of Cuckold Creek,
on the opposite side of the river, these fossiliferous beds appear at the
water’s edge, but on account of the southeastern dip they soon disap-
pear beneath stratigraphically higher deposits. To the northward they

extend along the range of cliffs referred to above.

124 Bull. Proc. Nat. Inst., 1841, p. 183.

2Jour. Acad. Nat. Sci. Phila. 1st series, 1830, vol. 6, p. 212.

3In Cope's article ** Vertebrate Fauna of the Miocene period,” etc., Proc. Acad. Nat. Sci. Phila., for
1867, pp. 138, 139, a list of about 50 species of molluscan forms is given from near J. T. Thomas’s resi-
dence, not far from the Patuxent River; Charles County, Md., Conrad’s identifications.

42d Bull. Proc. Nat. Inst., 1841, p. 183-184.
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For some distance toward ¢“Point Patience,” from St. Leonard’s
Creck, the Balanus rock appears along the shore. When last seen it
rises to a height of 6 feet above the water, overlain by a stratum of fri-
able sand 4 feet thick; then follows a bed of gravel a foot thick with
an occasional pebble, and the highest stratum consists of a clay with-
out fossils 7 feet thick.

Section along the Potomac River.—A short distance above the mouth
of Port Tobacco Creek the Eocene deposits ygrade upward into drab
clayey sands. Near Ludlows Ferry this sand is overlaid by diatoma-
ceous earth ason the Patuxent. Thatthe Miocene series extends along
the banks of the Potomac from this point to St. Marys river can not
well be doubted, but unfortunately this region has never been examined
by a geologist.

In the right bank of St. Marys River, near the water’s edge, innu-
merable fossils are exposed. Here it is that Conrad and others have
made extensive collections. According to Conrad the stratigraphy of
this bank near the mouth of the river is as follows:?!

Section on St. Mary's River, Maryland.

Feet. . Character of strata.

10 | Mixed sand clay, without fossils.

2 | Sand and clay, with the same shells as below.

5 | Lead-colored clay with, 3, group of shells as glven in the lists, 2, veins of
Turritella plebeia, 1, D anopea.

From the fragmentary, comminuted state of the shells and from the
occurrence of separated valves, Mr. Conrad concludes that this deposi-
tion was made near enough to the sea beach ¢ to be influenced by the
currents along the shore, or perhaps by the undercurrent of the surf,
during the prevalence of violent tempests.”? Some of the large uni-
valves are most common in the arenaceous stratum, but none are lim-
ited to it. The eastern bank of the river presents a cliff of nearly the
same elevation, 15 or 20 feet. The clay rises about 3 feet above tide,
containing the same group of shells which prevails on the opposite
shore. Near the southern end of the cliff the fossils disappear, having
been converted into masses of selenite, many of which are 12 inches in
diameter, and which are profusely imbedded in the clay near the level
of the beach.

The predicament in which Conrad leaves the stratigraphy of the Mio-
cene beds of this state is very remarkable. From his study of the
Chesapeake section heis led to conclude? that the beds in the nerthern

12d Bull. Proc. Nat. Inst., 1841, p. 185,
2Tbid., p. 186.
8Ibid., p. 176.
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part of the section are contemporaneous with those of the southern,
that, in fact, they extend horizontally along the coast line. Strongly
contrasted with these statements are those referring to the stratigraphy
of the Patuxent River section. In several places he refers to the dip
along this river carrying beds beneath those of higher formations to
the south and causing them to rise toward the north.! The following
diagram is a graphical representation of the ideas conveyed in his
text.

; &
é :
{
- D
8 §
L Porna e %o’ ~74’&:&6."2&1"6&-:

F1a. 7.—Section along the Patuxent, after Conrad.

Chesapeake group.—Heilprin has endeavored to show, chiefly by pale-
ontological evidence, that there are two well defined divisions in the
Miocene formation of this state, as well as in others to the south.

That the fossiliferous beds exposed in the northern part of the Mio-
cene area of the peninsula are stratigraphically lower, and hence older
than those of the southern part, is probably true. One would accord-
ingly expect to find a Jarger number of recent species in the southern
beds than in the northern ones; this Heilprin has shown to be the case.
But there isno evidence characterizing two or any other particularnum-
ber of subdivisions. It is for the present better to regard them as
a continuous series of beds, in which some species keep dropping
out and new ones appearing, instead of two distinct groups of
deposits. The finding at St. L.eonards Creek in the same bed of what
have been regarded as fossils typical of the lower and upper beds
respectively? goes far toward proving a continuity of deposition in the
Miocene as represented in this state from the base to the uppermost
deposits. Forthis series of beds the name of Chesapeake formation
has been proposed by Darton.?

124 Bull. Proc. Inst., 1841, p. 184.

2W. B. Clark: The Johns Hopkins Univ. Cire. No. 65, 1888, p. 3; and T. A. Conrad: 2d Bull. Proc.
Nat. Inst., 1841, p. 184, Recent collectors have found Perna mazillate and some other species to be
by no means confined to or characteristic solely of the older beds. See also discussion of the Chesa-
peaKe group under ** Florida’ of this essay. Darton is of the same opinion.

3For a discussion of the nomenclature of this series see under ‘‘ Chesapeake group' in the section
devoted to Florida.

Cf. Darton, Bull. Geol. Soc. Am., vol. 2, pp.431-450. This publication was issued after the present
work was practically complete. Mr. Darton has found the Chesapeake formation to be much more
extensively developed in some parts of Maryland than earlier writers had supposed.
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From observations made on the Chesapeake and Potomac, Conrad con-
cludes that the upper Tertiary borders the lower part of the peninsula
from near the mouth of Town Creelk, on the Patuxent, to a point on the
Potomac about half way between St. Marys River and Brittains Bay.

The-most common fossils of this formation? are Ostrea virginica, My-
tilus hamatus, Pholas costata, and Arca transversa. Some of the species
retain their colors and nearly all are known to exist in a living state.
Heilprin does not state his reasons for regarding this formation as be-
longing to the Pliocene epoch, but he probably relies on the presence of
a few supposed extinct species.” McGee seems to regard it as synchro-
nous with the beds of Delaware, containing several recent species, which
Chester, tracing them inland, found to be continuous with the Dela-
ware gravel.

VIRGINIA.

For our knowledge of the Neocene beds of this State we are mainly
indebted to the labors of W. B. Rogers and T. A. Conrad. The latter
described or identified molluscan forms from nearly all the more im-
portant exposures, while the former by a series of investigations, ex-
tending from 1834 to 1841, examined and described in detail the stra-
tigraphy and lithology of this as well as other formations in the State.
The work of Rogers* will therefore form the basis of this brief discus-
sion, though the material has been rearranged and, in some instances,
slightly modified for the sake of clearness, and to bring it into harmony
with the results and methods of more recent investigations.

The final disappearance of the Iocene formation with its gentle dip
eastward may be roughly defined as on a line extending in a southerly
direction from Mathias Point on the Potomac, past City Point on the
James, to the North Carolina line. To the east, the state is traversed
by numerous large rivers, from whose banks our knowledge of the Ter-
tiary deposits has been chiefly derived. Of these, the four most impor-
tant are the Potomac, Rappahannock, York, and James. Sections
alon g each of these will now be considered, beginning with the most
northern.

1 Upper Tertiary formation, Post-Pliocene period, Courad, 2d Bull. Proc. Nat. Inst., 1842, pp. 187-188.
Post- Pliocéne (Pliocene?), Pleiocene, Heilprin, Proc. Phil. Acad. Nat. Sci. for 1880, pp. 21~23.

Columbia formation, McGee, Am. Jour. Sci., 3d Ser., 1888, vol. 35, p. 449.

2Jour. Acad. Nat. Sci. Phila., 1st ser., 1830, vol 6, pp. 205 et seq.; also 2d Bull. Proc. Nat. Inst., 1841,
pp. 187-188.

3This fauna should be reexamined. The congregation of species ag identified by Conrad is in gen-
eral of a type resembling the present or a slightly colder water fauna, but it is remarkable for the
nresence of Gnathodon or Rangia cuneate Gray, which is now confined to the brackish estuaries of
the Gulf of Mexico.

4 Most conveniently consulted in the octavo reprint of [his] papers on the Geology of the Virginias,
New York, Appleton, 1884, pp. xvi, 832, with many maps and illustrations.
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RIVER SECTIONS.

Section along the southern bank of the Potomac.—As before stated, the
Eocene beds disappear beneath the waters of this river not far from
Mathias Point, but their contact with the beds known to be of Miocene

" age is nowhere shown. The reddish and yellowish clays incumbent on
the Eocene just above the point disappear just below it, and the ¢ shore
becomes low and retiring.”

‘We are left, by the statement of Rogers,! somewhat in doubt as to
the exact distance down the river from Mathias Point to the first ap-
pearance of the Miocene, but it is certain that beds of this age do
appear four miles above the mouth of Chantilly Creek, Westmoreland
County.?

A bluish sandy stratum 5 feet in thickness here appears in the face
of Stratford cliff at an elevation of about 50 or 60 feet above tide. This
is filled with numerous and well preserved specimens of Perna maxillata
(small size), Turritella plebeia, Mactra modicella, Arca idonea, and other
large shells. This bed dips gradually to the east and at a distance of
a mile and a half below its first appearance it is but 15 feet above the
river. Nearer the mouth of Chantilly Creek ® the fossils exist only
as impressions in a blue sandy clay matrix that occupies the base of the
bluff to a height of from 50 to 70 feet. The species here noted were
Pecten madisonius, Venus mercenaria, V. cortinaria, and Mactra modi-
cella.

Chantilly cliffs, situated below the mouth of the creek of the same
hame, form, according to Rogers,* a continuation of the Stratford cliffs
just described. The fossiliferous stratum rises from the water’s edge
to a height of 25 feet. It contains few Pernas, but Mactras and Pec-
tens are abundant,

Still farther down the river, at Cole’s Point, on the south side of the
mouth of the Lower Machodoc, a low bluff appears “which is prolonged
for about 13 miles down the river at a pretty uniform elevation of 14
feet. A few paces below the point the following strata occur:

1. A layer 2 feet thick, consisting of a bright yellow mixture of sand and clay,
sbounding in shells of various kinds, among which are Perna maxillata, Ostrea com-
pressirostra [as identified by Rogers], Venus mercenaria, V. Cortinaria, V. paphia,
Isocardin fraterna, Pecten madisonius, P. jeffersonius, Pectunculus pulvinatus, Corbula
inequale; and Turritella variabilis.

2. Next a layer 6 feet thick, composed of mottled ferruginous sand with a small
admixture of clay, containing no shells, but abundant markings, as if shells had once
been present in great numbers.

3. A band of iron sandstone 3 inches thick, and
4. A dark mold, extending to the top.

¥ Geology of the Virginias, p. 422, 1884.
2 Ibid., p. 428.

8 Dr. Leidy mentions the occurrence of Balena prisca and Crocodilus antiquus with Pecten jeffer-

gonius in Westmoreland County, Virginia, Proc. Acad. Nat. Sei. Phila., vol. 5, p. 308.
4 Geology of the Virginias, 1884, p. 429.



DAL AN} RAPPAHANNOCK RIVER SECTION. 51

In procesding down the Potomac the yellow marl is seen gradually rising higher
in the bank. A stratum of blue marl lying beneath it next comes in view, and this
continues along the base of the bank extending some distance out upon the beach,
until the shore sinks into a low sandy flat at Ragged Point.!

By this it would seem that the general southeasterly dip is here re-
versed, at least for a short distance. Similar reversions will be fre-
quently referred to in connection with the sections along the rivers
farther to the south.

Farther to the southeast, in Northumberland County, Miocene fossils
occur in the banks of Hull Creek about 2 miles above its mouth. The
lowest stratum here exposed consists of a ledge of ferruginous rock,
containing immense numbers of Perna mawillate, with Venus and Pec-
ten, firmly cemented together. The bed is 2 feet thick. Above it rises
a stratum of yellowish sandy clay of the same thickness, abounding in
Perna mazillata in a very friable condition. Incumbent on this is a
10-foot bed of light blue marbled clay, capped by course diluvium.

From the foregoing detailed description of what is recorded of the
various Miocene exposures along or near the southern bank of the
Potomac it may be seen that the stratigraphy of the section is as yet
almost wholly unknown.

. Section along the Rappahannock River.—The Eocene strata finally
disappear beneath the level of this river® not far from the mouth of
Chincoteague Creek. The bluffs, such as border the river in this vicinity,
give place to low sandy shores farther down the river, as did those on the
Potomacat Mathias Point. NoMiocene outcrop has been definitely men-
tioned above Belmont, Lancaster County. Here the cliffs are made up of
heavy beds of clay and sand, overlain by the ordinary diluvium and
resting upon a stratum of soft ferruginous sandstone. No fossils are
mentioned up to a distance of 13 miles below this place. Here a rocky
layer is met consisting entirely of shells, converted into brown oxide of
iron, situated at the base of the cliff. This continues in the same direc-
tion for a distance of 1} miles, The following is the order of the strata
composing the bank at a point near its eastern termination:

1. Six feet of diluvium.

2. Five feet of sand.

3. Ferruginated shelly rock, 4 feet thick, with the same shells as in No. 4.

4. Blue marl, containing numerous Venus, Natica, and Oliva, extending beneath
the base of the bluff into the water. .

Below this, and withia a short distance of Curratoman River, marl
beds occur below the level of the flats, consisting chiefly of a peculiar
elongated variety of Ostrea virginica.

Below the mouth of the above-mentioned river may be seen, extend-
ing from half a mile to 1mile above Cherry Point, a cliff whick consists
of the following strata: .

1. Ten feet of diluvium.
2. Ferruginous sandstone.

1 Geology of the Virginias, p. 430.
2Rogers: Geology of the Virginias, p. 422,
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3. A bed of partially decomposed Serpule, containing few other fossils, 1 foot
thick.

4. Chocolate colored clay, with vast numbers of the O. virginica referred to above,
3 feet thick.

5. Blue clay marl, extending from beneath water level to a height of 3 feet.

Miocene marl, clay, and shelly rock continue at intervals from here to
Mosquito Point, below which the shores become flat and sandy. Here,
as well as on the Potomac, there is a slight syncline, causing a reversal
of the direction of the dip near the most eastern exposures of the two
sections. The finding of marl with characteristic Miocene fossils near
Kilmarnock indicates! ¢‘‘the prolongation of the Miocene strata to the
very extremity of the peninsula.” Finally, it must be admitted here, as
in the case of the section along the Potomac, that the stratigraphic
relations of the various beds exposed are as yet wholly unknown.

Section along the York River and its tributaries—Though there may
be a few Miocene outcrops along the Mattapony, the northern fork of
the York River, none seem to have been recorded by Rogers in any of
his various publications. But onthe Pamunkey, the southern fork of the
York River, numerous sections have been made in the vicinity of and
above Piping Tree? that show the Eocene beds overlaid by those of
Miocene.

At the place just referred to the strata takenin a descendlng order as
follows:

Ft. In.
Miocene.—1. White friable sandy clay, containing fossil impressions . ...... 10 0
2. White sandy marl with broken shells ..... ... ... .. ....... 6
3. Ferruginous stratum, abounding in casts, and occasionally con-
taining the shells themselves.................. ... ... ... . G
4. Thin band of black pebbles .. ..o couuuiiuriiintoiiineaianas
Eocene. —5. Dark greensand stratum, no shells............oooiiiiiiil.. 4 0
6. Rocky shell of cemented shells of Ostrea sell@formis....... ... 6
7. Dark greensand stratum, with small shells.......:._..._._._. 2 0
B ) 17 6

The precise point at which the Eocene finally disappears ¢ occurs at
T\Tori:hbury, and directly opposite at the plantation of Dr. Charles Bax-
ton.”

From this point bayward no references of any importance are made
to Miocene beds until a point is reached about 6 miles above Yorktown,
termed by Rogers* ¢“Jones’s Plantation.,” At this place the shelly
stratum similar to those nearer Yorktown is overlain by a thin and in-
terrupted layer of a siliceous rocky mass, ‘approaching in its porous
character and harsh, gritty texture to the nature of the buhrstone of
France. Associated with this is a more compact rock, containing some
carbonate of lime, with much silex, and exhibiting very perfect casts

1 Rogers: Geol. of the Virginias, p. 433.
2 Geol. of the Virginias, p. 5"

8Tbid., p.51.

4Geology of the Virginias, p. 38.
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and impressions of Pecten, Cardium, etc. Over these strata is the
usual layer of ironstone, and the general aspect of the upper bed is
somewhat ferrunginous.”

Trom Kings Creek to Wormleys, numerous Miocene beds are exposed
in the banks of the river. These were examined in & cursory manner
by Rogers and described in his first annual report of 1835.2 More re-
cent investigations by G. D. Harris, of the U. 8. Geological Survey, have
shown that the stratigraphy is by no means so simple as Rogers’s de-
scription would imply, but that there are numerous local anticlines and
synclines together with lines of uncomformability. - Following, then,
our more recent investigations, these various beds may be described
as follows: Between Kings and Filgates creeks a bluff rising to the
height of from 15 to 30 feet may be seen extending along near the
margin of the river. The lower portion, to an altitude of from 10 to
20 feet, is composed of a grayish sandy marl, literally packed with
large bivalve shells, of which those in the lower part are nostly
Pecten jeffersonius, while above, Venus tridacnoides, Venus rileyi, Os-
trea disparilis, Pectunculus subovatus, and Dosinta acetabulum prevail.
Here, too, various forms of Crepidula as well as Fissurella are abund-
ant; Striarca centéenaria is .occasionally met with. Below Filgates
Creek, and extending over a mile toward Yorktown, is the famous
Bellefield Cliff, from which great numbers of fossils have been obtain-
ed. Itslower portion is mainly composed of gray fossiliferous marl,
save in one instance where a local syncline carries the marly portion
beneath tide level, and the incumbent (Columbia?) clay bed alone
forms the bluff. The other irregularities of the upper surface of the
Miocene seem to be due to two causes, viz, erosion and disintegration.
The effect of the first is plainly seen at the southern extremity of the
bluff, near the mouth of Indianfield Creek. Here the marl bed slants
abruptly beneath tide level, and is overlain by loamy sand. Nothing
in the lamination of the marl indicates that this incline of the marl bed
is due to dip; .and, from the wholly different character of the incum-
bent material, it is evidént that the marl suffered extensive erosion be-
fore the latter was deposited upon it. The effects of the second cause
of irregularity, i. e., disintegration, are plainly marked by sinks wher-
ever the marl owes its rigidity to calcium carbonate, and is overlain by
no impervious layers. They are formed in somewhat the following
manner: Surface water that possesses slightly acid properties per-
colates through the overlying sand till it reaches the bed of marl. Its
calcium carbonate is attacked and dissolved. The water thus charged
passes into subterranean veins and isat length discharged into the river.
The rigidity and part of the component material of the marl being re-
moved, it gradually sinks down in the particular locality thus acted
upon till finally great holes or channels are formed in the marl, filled,
of course, with the residuum of disintegration and the overlying sands.

1 Geology of the Virginias, p. 37,38.
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The sides of the cavities are often very irregular, sometimes perpen-
dicular, and sometimes even overhanging.

The diagram below (Fig. 8) shows the general features here mentioned.
That these cavities were not produced by the denuding action of water
upon the surface of the marl before the
overlying sands were deposited (as sug-
gested by Rogers)!1s proved beyond all
doubt, considering the comparative soft-
ness of -the marl; by (1) the perpen-
dicularity or evenoverhang of the walls;

"(2) their great depth (being in some
~" Instances at least 10 feet); and (3) the
i s T, . Tsferial with which they are slled.

This is evidently a marly product, from
its color and ingredients,? though the fossils it once contained are wholly
obliterated.

Marked examples of irregularities thus formed can be seen in the
Bellefield cliff west of the bed of blue clay, as well as in the bluff
already described that extends from Filgates to Kings Creek.

At the western extremity of the Bellefield cliff ¢ the marl ” rises to a
height of at least 17 feet, and forms mearly the whole perpendicular
height of the bluff. It is here a gray sand full of fairly well preserved
fossils. These are essentially the same as those mentioned above, with
a greater abundance of Dentalium, Murex, Natica, and numerous
smaller forms. The great abundance of huge Pectens, extending along
the base of the cliff for perhaps one-eighth of a mile, is one of its most
pronounced features. Just west of the local syncline before mentioned
a marked change takes place in the appearance of the marl. The shells
are often finely comminuted and cemented together by calcium carbon-
ate. Though large Pectens are very abundant at the base of the cliff,
they do not occupy it to the exclusion of all other forms as they do far-
ther west. In this cemented fragmentary rock, a few specimens of
Perna maxillata were found.

All along in this portion of the Bellefield cliff the lamination of the
marl is very oblique. To this structure Rogers refers in his report for
1835,% likening it to ¢ appearances described by Lyell and others as
existing in the Crag of England.” The angle of lamination varies,
sometimes amounting to 30° but generally not over 20°, and sometimes
closely approaching zero; the direction is approximately east.

The Miocene, as exposed in this cliff to the east of the local syncline,
contains fewer fossils than do the more western beds just described; it
consists of a yellowish sandy marl, without the peculiar, regular, and
well defined oblique lamination. It contains numerous remains of
Cetaceans.

1Geology of the Virginias, 1884, p. 32.
21bid., p. 31
81bid., p. 35, 39.
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The same marly bed appears in the right-hand bank of Indianfield
Creck at its mouth, though it is here but 5 feet above the water level
and soon passes entirely below it. It reappears in low cliffs toward
Berrys Landing, but contains few well preserved fossils.

Judging from the steep westerly dip in the strata well exposed in a
bluff about 200 yards below Berrys Landing, it is probable that the marl
we have been describing is at this place wholly or mostly absent, and
that the strata exposed here represent a lower horizon. The fauna is
widely different, though containing many of the larger forms already
mentioned; the abundance of Astarte symmetrica, A. concentrica, A. ab-
breviata? Tucina crenulata, Gouldia lunulata, ete., is here quite no-
ticeable. Diplodonta acclinis, too, puts in an appearance at this place.
In a second bluff, about one-half mile below Berrys Landing, the same
beds are exposed, though higher up in the bluff, owing to the western
dip. They are at least 15 feet thick, and as they appear in cliffs nearer
Yorktown they rise higher and higher and become fragmentary and
consolidated into a rock of considerable hardness.

In the extensive cliff that stretches along the shore from about a mile
above Yorktown, the beds just mentioned can be seen for but a short
distance at the western extremity. The fossils soon disappear and the
sands become mingled with those of the Columbia formation above.
Below it, at this place, however, there is a bed of gray marly matter
14 feet thick, containing few fossils. Still below this, and reaching to
the water’s edge, is a stratum of blue marl whose upper portion is often
stained brownish by iron oxide. In its upper portions Dosinia acetab-
wlum and Panopea reflexa are fairly abundant, but are very tender and
fragile; below, in the more purely blue portions, Yoldia limatula, Cythe-
rea sayana, Pandora crassidens, Mactra delumbis Solen, Tellina, Scaph-
illa, Dentalium, Cadulus, etc., are very common, but owing to the soft-

.ness of the shelly material, a perfect specimen can rarely be found.
Near the Yorktown end of this clift these fossils are replaced by Crepi-
dula, Pecten, Venus, etc., and the marl becomes more arenaceous and of
a yellowish gray color. Beneath it, at the eastern extremity, about
half a mile above Yorktown, another fragmentary bed appears contain-
ing Pecten jeffersonius and other large bivalves. This is the top of a
serics of fragmentary rocks which appear in bluffs to a point at least 1
mile below Yorktown. The fragmentary structure is a more or less
variable and local feature, being developed, as a rule, more commonly
near the lower portion of the cliffs. The fossils in this series include
nearly all that have been mentioned as occurring in the beds between
Yorktown and Kings Creek, except, perhaps, those characteristic of the
Dlue clay or Yoldia limatula bed. About one-half mile above Temple
Place this fragmentary series is underlain by a stratum of blue clay
marl, very similar in character to the Yoldia limatula bed. Its thickness
is not far from 5feet on an average; its color becomes brownish upon long
exposure. Just above Temple Place the base of this bed may be seen,
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appearing in detached patches along the top of the marl and just be-
neath the Columbia sands. It is here about 25 feet above tide, thus
giving a westerly dip of about 25 feet in one-half mile. The fragment-
ary series in the meantime disappears, its various members, having been
brought up to a height of 25 or 30 feet by this westerly dip, have all

. been planed down to this height by pre-Columbia erosion. Immediately
under the 5-foot stratum of blue clay appears a stratum 10 to 15 feet
thick, literally packed with Crepidula. Inasmuch as this genus is so
abundantly represented throughout the whole of the upper portion of
the Miocene, this bed is most easily identified by Striarca centenaria,
which it contains in great abundance. The usual representatives of
Ostre, Venus, Pectunculus, Pecten, Fulgur, etc., are fairly abundant.
Owing to the westerly dip its lowest layers are brought up to the Co-
Iumbia sand a short distance below Temple Place. The superior hard-
ness of this rock to the one below is very manifest just above Temple
Place, where it protrudes beyond or overhangs the underlying bed.
This last, though mostly hidden, appears to extend perhaps a quarter
of a mile below Temple Place, is probably 12 feet thick, and contains
few well preserved shells. The bed just beneath this is slightly more
argillaceous and contains Turritella alticosta in great abundance. 'When
the Miocene finally disappears, about half 3 mile below Temple Place,
it presents the section described by Rogers! as at Wormleys Creek,
though its component parts are by no means so separate and distinct as
one might imagine from his deseription. The marl bank is here only
about 8 feet high. Farther to the east it is absent, the bluffs being
formed wholly of Columbia sands.

Section along the James River.—The Eocene finally disappears be-
neath stratigraphically higher formations three-quarters of a mile below
the mouth of Powells Creek, but the Miocene extends back, in detached
areas, over the Kocene for some distance west of this point, and even
appears in and about Richmond. Near that city Rogers first discovered
the existence of an “infusorial stratum?” in Virginia.? Its relations to
the adjoining Eocene and Miocene beds are typically presented in the
prineipal ravine on the west side of the valley of Shockoe Creek.’

Feet.

1. Sandy stratum of mottled gray and yellowish brown clay, vegetable impres-
sions and prints of Pecten.8. ... .o v MIOCENE.. 14

2. Greenish brown and lead colored less sandy clays, with vegetable impres-
3 00 1 1 MIOCENE.. 6
3. INFUSORIAL STRATUM . -« oottt e et ee e ee oe ettt ceee ceamme e 20
4. Lead colored heavy clay of a greenish tinge .. .. .. .. ... ... ... ... 3

5. Brownish black, containing a few prints of fossils and a large amountof carbon-
ized vegetable matter, to which the color of the stratum is owing .....__.. 5

1Geolo gy of the Virginias, 1884, p. 37.

2 Procamelus virginiensis Leidy, was found in this vicinity. It is described by Leidy, vol. 1, U. S.
Geol. Survey Terr., 1873, p. 259, Am. Nat., 1886, vol. 20, p. 621.

Regarding this species Dr. Leidy informs us that he has modified his original opinion that it Lelongs
to Procamelus and now thinks it * more nearly related to the living Auchenia (Nov., 1890). Itsstrat-
igraphic position can hardly"be regarded as definitely ascertained.

8 Geology of the Virginias, 1884, p. 453.
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HARRIS.

Feet.
6. Lighter colored bed, with yellowish blotches, and streaks, very friable ‘
even when moist, being more sandy than the succeeding. A few impres-
) 10 T P Eocexk.. 8
7. Darkolive and bluish stratum, tenacious whilemoist but becoming mealy and of
a grayish tint when dry, and in that condition showing an efflorescence of
gypsum upon the surface. Impressions of Cardita, etc........... EocENE.. 4
8. Felspathic sandstone, Upper Cretaceous....o.. .o ouiieimencnna o, 4

Rogers includes the infusorial deposit in the Miocene Tertiary. 1t
rests either upon or but little above the top of the Eocene, ! is composed
largely of diatoms, and contains occasional casts of Miocene shells.

From Richmond down the James River for some distance Miocene beds
are occasionally seen lying upon the Eocene. After the latter dips be-
neath tide level, the banks of the river present no point of particular in-
terest until the vicinity of Williamsburg is reached. The cliff at Kings
Mills is abrupt and has a height varying from 20 to 45 feet above the
water. The strata of shells extend along the river with slight inter-
ruptions, when the cliff sinks nearly to the level of the water for a dis-
tance of between 2 and 3 miles, and they are found in a somewhat
similar order of superposition for some distance inland. Their general
direction is horizontal, but the outline of any oune is frequently very ir-
regular. This irregular outline is particularly remarkable with the beds
of Chama which are very thick at some points, and then thin out rapidly
and again thicken. A detailed account of the Miocene and Quaternary
beds at King’s Mills will be found on p. 36 of the Geology of the Vir-
ginias. "

At Days Point, the most eastern exposure of marl immediately on the southern
bank of the James River, at a short distance above the mouth of Pagan Creek, the

. shelly stratum that first emerges from the beach, consisting of the overlying bed of
ferruginous marl, is seen gradually rising to a higher level as we ascend the river.
A quarter of a mile above, and in a direction northwest from the point at which the
marl first came in view, we see the blue stratum beginning to show itself beneath
the other, aud soon, with a gentle slope rising to the height of several feet above the
base of the river hank.?

Here, as in the various exposures on Pagan and Nansemond rivers,
the yellow ferruginous upper marl layer is often fragmentary and
cemented together at the top.

The only remaining point of interest to be considered in connection
with this section is one on the north bank at the mouth of the river,
namely, Fortress Monroe. Here an artesian well was sunk to the depth
of 907 feet, penetrating Miocene, Eocene, and Cretaceous strata. The
infusorial stratuom was encountered at a depth of 558 feet below the

" parade ground, and the base of the Miocene Rogers considered to be
between the depths 577 and 583 feet. The importance of these deter-
minations will be discussed elsewhere.

Cenozoic district south of James River—But little detailed descrip-

1 Notes from Macfarlane’s Geological Railway Guide, 1879. Reprint in Geology of the Virginias,1884,
p. 725. :
2Geology of the Virginias, 1884, p. 258.
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tion is given by Rogers of this district. The line of countact between
the Tertiary and older rocks passes in a general way, meridionally south
from Richmond. But in its course it presents most complex sinuousi-
ties. : )

Indeed, islands and peninsulas of the sandstone (secondary) are met with some
distance eastward of the general boundary, while inlets of the Tertiary strata arve
seen penetrating beyond it to the west. Thus on a branch of the Appomattox just
above the fork near Broadway, on a meridian several miles to the east of that of
Petersburg these layers of coarse and fine sandstones and conglomerates are seen ly-
ing horizontally, one upon the other, forming a cliff about 50 feet in height, while
in the vicinity of Petersburg the greenish sandy strata of the Eocene are found.!

South of this place “no unequivocal indications of the continuation
of this lower member of the Tertiary series can be found.” The Mio-
cene and later formations therefore abut directly upon the primary
rocks to the west.

High up along the Nansemond River, and along the Blackwater, Nottoway, and
Meherrin, as well as their branches, a striking constancy is remarked in the position
of that portion of the series of marl deposits called the blue marl, the lowest of the
series as exposed in this and other parts of the area occupied by the Miocene Ter-
tiary of the State. * * * This stratum may be seen skirting the water line in a
slightly undulating band and rarely rising to the height of many feet above the
stream. In the southern portion of the tract this feature is most uniformly dis-
played, while near the James River a decided rise of the strata may be seen as we
trace them westward., * * * The general parallelism thus maintained hetween
the plane of the marl and that of the rivers throughout most parts of the southern
tract distinctly indicates a gentle declination of the marl in a southerly direction or
that in which the Blackwater, Nottoway, and Meherrin flow, and indeed it might
with some reason be maintained that the sloping of these beds in that direction, as
well as the comparatively unyielding nature of the tenacious clays of which they
are principally made up, have exerted an important agency in determining the drain-
age in that direction, as well as preventing the streams from forming a deeper chan-
nel than is furnished a few feet below the upper surface of these beds.?

In Norfolk and Princess Anne counties diligent inquiry, aided by shal-
low borings at several places, hasbeen made along the canal and feeder
and at other points within the Dismal Swamp, butnounequivocal deposit
of marl has yet been found excepting in the vicinity of the Great Bridge
in Norfolk County and 4% miles northeast of Suffolk near the western
margin of the swamp. Of these thelatter consists of blue marl, identical
in character with the upper portion of that formation west. The former
was of more ambiguous character, and owing to the small number ot
species obtained, its exact horizon in the Miocene could not be deter-
mined.! However, in 1889, Prof. Shaler obtained a small collection of
fossils in the northern part of the Dismal Swamp, immediately below
the vegetable soil, containing 29 species of which 24 are known in the
recent state and, of the others, one is known only from the Caloosa-

1 Geol. of the Virginias, 1884, p. 261.
2Xbid., p. 262.
8Xbid., p. 256,
4Ibid., p. 257.
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hatchie Pliocene and the 4 remaining extinct forms are common. to the
Miocene of Maryland and Virginia, and the Pliocene of Florida. This
would indicate a position, if not Pliocene, at least very high up in the
Miocene system.

GENERAL CONSIDERATIONS. .

Rogery’s genevalized section! along the James River, from Primary to
Quaternary rocks, is as follows:

A-B. Represents the beds of sand and gravel, usnally lying immediately below the
soil, which from their oblique position and the general coarseness of the ma-
terials, indicate a deposition under the influence of strong currents. This
overspreading the region extensively, and evidently due to some geueral
cause, is properly to be regarded as Diluvium.

B~C. Horizontal beds of sand and clay, prior to the diluvium and partially and some-
times entirely removed at the time of its deposition.

C-D. Upper portion of the yellow marl—a conglomerate of fragments containing in
its lower parts nearly entire but water-worn shells.

D-E. Lower portion of the yellow marl—shells uniamed in a friable samd and near
the bottom is & tenacions clay; numerous species above, Mactra modicella al-
most exclusively beneath.

E-F. Upper blue marl—a blue clay of fine toexture; rich in Mactra modicella; shells
becoming more varied as we descend.

F-G. Lower blue marl—a more sandy material, mboundmg both in number and va-
riety of its shells.

G. Thin band of pebbles, separating the Miocene from the Eocene Tertiary.

G-H. Xocene on the James River—clays and sands usually of a grayish tinge, con-
taining shells and their impressions, often presenting a considerable propor-
tion of green sand and some gypsum.

H-1I1. Sandstone formation—deeply channeled above, before the deposition of the
Eocene.

I-K. Granite and other Primary rocks, upon which the sandstone rests.

There seem to be two discrepancies in Rogers’s views of the stratig-
raphy of the Miocene: first, the supposition that these strata every-
where preserve such horizontality as is stated by this authoris opposed
by the finding of the infusorial stratum which crops out at the surface
near Richmond, at a depth of 558 feet Lelow the surface at Fortress
Monroe; second, not all the blue marl exposed at the base of the blufts
along the principal rivers can be considered as belonging to a lower
bed in the Miocene formation. These beds of a bluish clayey marl are
frequently interpolated in grayish and yellowish marl beds, as has
recently been proved in the case of those exposed about Yorktown.
Again, the borings from the Fortress Monroe well do not show the Upper
Miocene as consisting of yellow marl and the lower of blue marl.

That the blue marl nearly always appears at the base of the bluffs
instead of higher up is due to the fact that when the dip brings the
stratum up from the lower part of the bluff it is so weathered and oxi-
dized that it loses its characteristic blue tinge and is not readily dis-

! Geology of the Virginias, 1884, p. 264.
Bull. 84——5
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tinguished from the ordinary yellow marls, except by careful examina-
tion of its dips and fossils.

It is probable that nearly the whole of the Miocene of the state when
better known will prove to belong to the bedsof the Chesapeake group.

PLIOCENE ROCKS.

The uppermost Miocene or lower Pliocene fossils found by Shaler in
the marl of the great Dismal Swamp have been already referred to,
(p- 64), and, if Pliocene, appear to form the first recognized fauna of
that age in the state. But if the conclusions of McGee be correct, this
horizon is well represented by a perezonal formation, that first makes
its appearance on Potomac Creek and expands rapidly toward thesouth.
Its distinctive characteristics, geographical distribution, and probable
age will appear from the appended quotations, from the description
given by McGee,! who applied to it the pame (since replaced by the
term Lafayette) of the Appomattox formation.

THE LAFAYETTE FORMATION.

Character and distribulion.—Near the summits of the bluffs overlooking the Rappa-
hannock River from the southward a mile or two west of Fredericksburg, a dis-
tinctive, stratified, orange-colored, sandy clay is found reposing upon Potomae sand-
stone, from which it is readily distinguishable by its greater homogeneity, the more
complete intermingling of its arenaceous and argillaceous materials, its more regu-
lar stratification, and its more uniform and predominantly orange color. Itis as
readily distinguishable from the Columbia deposits, on the other hand, by its verti-
cal homogeneity, its comparatively regular stratification, its distinctive color, and
its greater range of altitude, extending, as it does, from tide-level to the highest
eminences of the Piedmont escarpment between the Rappahannock and Roanoke.
At Fredericksburg the deposit is commonly thin and confined to limited isolated
areas, especially at the higher levels, and it appears at but a single locality (Potomac
Creek) north of the immediate valley of the Rappahannock; but it rapidly increases
in thiekness and continnity 4o the sonthward. About the confluence of the Ny, Po,
and Ta Rivers it forms the surface over a meridional zone fully 10 miles wide. It is
well exposed in the bluffs of the Tapony, along which it reposes on the fossiliferous
ocene, and in the bluffs of the Mattapony and the Anna rivers, as well as over the
intervening divide, it is the prevalent surface formation, maintaining the character-
istics oxhibited at Fredericksburg, save that it is frequently gravelly. In the vicin-
ity of Richmond it is occasionally exposed toward the summits of the river bluffs,
but is there less conspicuous than the subjacent Miocene, Eocene, and Potomac de-
posits, while still farther southward it continues to thicken and expand.

The distinctive orange-colored sand and clays of the formation are typically ex-
posed on and mear the Appomattox River from its mouth to some miles west of
Petersburg. A mile below Petersburg they are found at tide-level in the river banks,
In the castern part of the city they appear overlying the fossiliferous Miocene beds
midheight of the bluff; and at the ‘“ Crater,” a mile and ahalf east, in the railway
cuttings in the southwestern part, and on the npland, 2 miles west of the city, they
ocenpy the highest eminences. The zone of outcrop here is at least 30 or 40 miles
wide. As at Fredericksburg, the deposit is a regularly but obscurely stratified
orange-colored ¢lay or sand, sometimes interbedded with gravel or interspersed with
pebbles. Perhaps the best exposure is at the ¢ Crater” (a pit formed by the explo-

1Am. Jour. Sci., 3d ser., 1888, vol. 35, p. 328.
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sion of 8,000 pounds of powder in a mine carried by Federal engineers beneath a
Confederate fort July 13, 1864). Here the principal material is a dense, tenaceous
clay, orange, gray, pink, reddish, and mottled in color, plastic yet firm when wet,
and so hard and tough when dry that medallions stamped from it as souvenirs are as
durable as rock; indeed, the well known strategic measure to which the ¢ Crater”
is due was rendered successful by the firmness and tenacity of the clay throngh
which the entire mine was excavated save where it barely touched the subjacent fos-
siliferous glanconitic sands of the Miocene. At Butterfield’s bridge, in the south-
western part of Petersburg, the railway cutting exposes some 20 feet of plastic clay
(like that found at the ‘‘Crater’”), pebbly and sandy clay, and cross-laminated
clayey sand, all predominantly orange-colored, in alternating beds, and it is note-
worthy that here, as at some other points, flakes and lines of white, plastic clay,
similar to those of the Potomac arkose, are occasionally included in the formation.

The formation continues to thicken and expand south of the Appomattox River,
until it forms the surface everywhere in the vicinity of the fall line, save where it is
cut away by erosion or concealed hencath the Columbia deposits. * * *

In the brief inland margin of the Appomattox formation, as exposed north of
Roanoke river, is a moderately regularly stratified sand or clay, with occasional in-
tercalations of fine gravel, generally of pronounced orange hne and without fossils;
it reaches « thickness of probably 50 to 100 feet and forms the predominant surfice
formation over a zone 40 or 50 miles wide on the Roanoke, but attenuates and nar-
rows northward, finally disappearing at Potomac Creek, 4 or 5 miles north of Fred-
ericksburg; and althongh it appears to thicken seaward it soon disappears beneath
tide level and newer deposits.

Stratigraphic relations.—At Fredericksburg the formation reposes, sometimes un-
conformably and again without visible unconformity, upon the lower member of
the Potomae, and like relations arc frequently exhibited in the vicinity of Richmond
and Petersburg; in the blufts of the Tapony generally, and of the Pamunkey, 2 or 3
miles north of Hanover court-house, it rests unconformably upon fossiliferous
Eocene heds; at the “Crater” and at a number of other localities in the vicinity of
Petersburg it rests withont visible unconformity upon fossiliferous Miocene beds;
in the western part of Petershurg i lies directly upon the Piedmont crystallines;
2 miles northeast of Bellefield it can not be clearly demarvked from the fossiliferous
Miocene. * * ¥ .

The formation is overlain only by the alluvium of small streams, olian sands,
ete., on the broad plain between Petersburg and Weldon, by occasional accumula-
tions of wave-washed débris derived from its own mass in the extensive Quaternary
terraces prevailing inits aren, and by the characteristic clays, sands, and gravels of
the Colmmbia formation in the vicinity of the larger streams.

Taxonomy.'—No fossils have thus far been fonnd in the Appomattox formation, ex-
cept at Meridian [Mississippi], where Johnson has found it to contain well preserved
magnolia leaves apparently identical with those of trees now growing in the same
vicinity. Its stratigraphic position, nnconformably bLelow the Pleistocene and un-
conformably above the (probably) Miocene Grand Gulf formation, indicates an age
corresponding at least roughly with the Pliocene.

The formation represents a considerable part of a more or less vaguely defined
serics of deposits variously called “Orange sand,” “ Drift” or “Qua‘ternury,'”
“Sonthern drift,” ete., by many geologists; but since this vaguely defined series in-
cluded not only the Appomattox, but also the basal gravel beds of the Pleistocene
loess, parts at least of the Cretaceous or Jurassic Potomac (Tuscaloosa) formation,
and other deposits of various ages, none of the old designations can be retained
without material modification in definition. It therefore seems wise to extend the
term applied to the formation in the region in which it was first studied and clearly
defined.?

* ) Am. Jour. Sci., 3d ser., 1890, vol. 40, p. 33.
2See discussion of the nomenclature farther on and also in the list of formations,
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NORTH CAROLINA.

In this state, as in Virginia, two entirely distinct classes of deposits
have been included in the Tertiary system, viz, the marine and the pere-
zonal. Those of the first class include both Eocene and Miocene beds,
and are exposed along river bluffs, in ditches, wells, ete., for a distance
sometimes not less than 75 miles inland from the ocean.

MIOCENE ROCKS.

Chesapeake formation.—The Miocene has a much greater horizontal
extent than the Eocene, and is thicker, reaching sometimes as much as
20 feet or more and averaging about 5 to 8 feet in thickness. It is less
continuous than the Eocene according to Kerr, and often exposed in
small and disconnected patches. Yet it is probable that its continuity

has really been underestimated, since
eoe =y Graysandand loam. Clark regards it as forming a toler-
ably continuous sheet over Eocene
and Cretaceous alike. Its distribu-
tion is perhaps best ascertained by
consulting Kerr’'s map, prepared to
illustrate his report for 1875.
The Miocene strata, consisting
< mainly of various colored marls, are
gencerally exposed oun the south side
810" Green marl, fow fossils.  of the large rivers and on the north
5 Mar, fossilsveryabundant,  SLODES of the divides or swells of land

Tayers of docomposed ook, between the rivers. This formation

" acoarse mica slate, thickens, deepens toward the northern

F1a. 9.—Section on, Roanoke River, North border of the State, the beds being

much thicker on the Tar and Roanoke

than on the rivers farther south. They are in fact of such thickness

here as to conceal both the Kocene, if it exists, and the Cretaceous,

with a few local exceptions. The shell beds are rich in fossils, which
are often in very perfect preservation.!

The principal exposures along a few of the more important rivers will
now be considered, beginning with the most northerly.

Chowan River and its tributaries.— At Murfreesboro, on the south side
of the Meherrin, there are numerous small gorges, excavated by streamns
in beds of sand, at whose base a stratum of Miocene marl is distinctly
exposed. From these, fossils shells, especially Ostrea and Pecten, have
been washed out in great profusion.? Other limited exposures have
been noted farther down the same river.?

Roanoke River.—A section given by Emmons in his report for 1852,*

20’ Gravel, fine and coarse.

2" Reddish clay.

10’-15' Blue clay.

1Rep. Geol. Survey N. C., by W. C. Kerr, 1875, vol. 1, pp. 149-151.
2J. T. Hodge: Am. Jour. Sci., 1st ser., 1841, vol. 41, p. 333.

3'W. C. Kerr: Rep. Geol. Survey N. C., 1875, vol. 1, frontispiece.

4 0p. cit., p. 67, -
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probably from the vicinity of Halifax, is here represented diagrammat-
ically (Fig.9). The marl beds are probably of Miocene age. Another
limited exposure of beds of this age is represented near Palmyra on the
map accompanying Kerr’s report of 1875.

Tar River.~Beginning in Nash County, 5 or 6 miles above Rocky
Mount, we find the shelly marl at intervals as far down as Washington.'
The marl from a locality 4 or 5 miles above Rocky Mount is more or less
consolidated.and breaks up into masses. Both the brown or red and
blue varieties ave here noted, the former of which is a little stronger in
calcium carbonate than the latter. ¢“The appearance of granite and
syenite at Rocky Mount has produced a series of fallsin the Tar River;
and sometimes the marl is found resting immediately npon those pyro-
crystalline rocks.” It is more or less sandy, with its upper portion filled
with small shells, while below are large scallops and clams ( Venus tri-
dacnoides). Upon this rests a stratum of sand and rounded pebbles,
which is 10 feet thick.

Marl appears at Tarboro at many points, sometimes on the river
banks and soretimes in the banks of creeks. Sections of the marl and
its accompanying strata, shown in Figs. 10 and 11, have been compiled
by Prof. Emmons.

10’ Yellow sand.

Sand, gravel, and soil.

! i .
Sands and clay, without fossils. 4 Greenish clay.

7'-8' Marl. 6' Shell marl.

4’ Shell marl, with lignite and
pyrites.
o3 74 Sand.
F1a. 10.—Section on Tar River, North Carolina. Fra.11.—Section ou Tar River, North Carolina.

3/—4’ Clay, with lignite.

The marl is intermixed with coprolites, a few bones, and water-worn pebbles,
mostly at the bottom of the bed.? There is the same tendency to consolidation as at
Rocky Mount, and at other places on the Neuse and Cape Fear rivers. The same
shells are found in it comprising large Pectens (Pecten madisonius), Venus tridacnoides,
and two or three species of Pectunculus. Marl beds appear in numerous places along
the river as far down as Washington, notably at Sparta and in the vicinity of Green-
ville. In each bluff there is usually but one bed, and it varies somewhat in thick-
ness, though apparently averaging from 7 to 8 feet.? ’

Neuse River—The principal localities on this river where the Miocene
marl is well exposed are about Goldsboro and Newbern; at the former
place the bed is from 12 to 15 feet thick, and consists of shells imbedded
in a green marly clay. At thelatter, beds have frequently been brought

! Emmons’s Rep. Geol. Survey, N. C., 1852, p. 51.
2Xbid., p. 55. '
8 Emmons, Geol. Surv. N, C., 1852, pp. 62-G4.
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to light by acecident in various favorable spots, thus proving a fairly
general distribution of the Miocene in this yicinity. In 1858, Emmons'
published the following diagram (Fig. 12) to show the l'eldtlous of the
shell marl to the white Eocene beds of the Neuse.

TFia. 12.—Section on Neuse River, North Carolina.

Cape Fear River.—The recent investigations of Prof. W, B. Clark?
along this stream have thrown some light on the way in which the Neo-
zoic beds of this state have been laid down. The Eocene, according
tothis author, “occupies wide basins or hollows within the Cretaceous.”

Sand with pebbles.
Brown earth.

Sand.

Shell marl, 3 feet.
Sand with lignite, many fossis.

20’ Sand; yellow, brown, and
white.

F1a. 13.—Section on Cape Fear River, North

Carolina. )
aroling 20’ Blue marl, more or less

sandy and caleareous at the
base.

Sand. 8/ Blue'clay.

Brown earth,

4-5 clay. Sand.

Sand and pebbles.

3/ ghell marl.

Sand, lignite and fossils con-
solidated.

Sand, yellow and brown.

Blue clay.
Clay.
Blue marl containing a single
Sand. 1 species of oyster and ex-
H tending far below the water.
Clay. ]
'
Sand. - :
Fi6. 15.—Section at Brown’s Landing, Cape  F16. 14.—Section above Brown’s Landing,
Fear River, North Carolina. Cape Fear River, North Carolina.

“Widely extended over Eocene and Cretaceous alike is an incoherent
shell marl that may be referred to the Miocene.” The rise and decline
of the shore line, of a character and extent sufficient to produce this
arrangement of deposits, is briefly discussed. He dwells also at some

1 Rep. Geol. Surv., p. 87.
2 Bull. Geol. Soc. Am., vol. 1, 1890, p. 537-540,
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length on the commingling of the Cretaceous and Eocene faunas near
Wilmington, and the occurrence of Exogyra costate i Miocene beds,
observed by Emmons in 1858,! and since confirmed and explained by

Stanton in 1891.
Kerr represents,? on the geological map accompanying his report for
1875, the Miocene formation as extending along the right flank of thig
river valley at least 20 miles above Elizabethtown. According to Em-
mons,? ¢ The first [marl] beds which appear upon the river are about
10 miles above Elizabethtown in Bladen County.” It here presents
three varieties: viz, sandy, argillaceous, and cemented. Just below
Elizabethtown, perhaps half a mile, a marl stratum fromn 2 to 3 fect
thick is exposed in the bank on the south side of the river. Iish teeth,
coprolites, bones, and rounded pebbles are frequently found at the base
of the stratum.* The marl with' its associated strata are shown in

Fig. 13.5

“Below Elizabethtown, in Bladen County, the marls continue to be
exposed at intervals. One exposure is at Walkers Bluff, 9 miles below
Elizabethtown. It is the highest upon

Marine sand. the river. It presents a steep escarp-
Pobbly brown soil. ment, which consists of different colored

' . sands, witha thick layer of shelly max1.”¢

4 Loose sand. One mile above Browns Landing, ox 11
Shell marl. miles above Black Rock, the following

beds may be seen:

“ At Brown’s Landing, 10 miles above
¥16. 16.—Section at Black Rock, Cape Feal Black ROCk, thera are numerons distinct

" River, North Carolina. * beds. In arrangement they belong to

two distinet dates: TFirst, the upper,
which is Miocene, and the lower, which is probably Eocene.”” The beds
here exhibited are shown in Fig. 15.

Below the shell marl horizon there are at least 60 feet of sand and
clay beds considered by Emmons® to be of Kocene age, though they
may prove to belong to the Miocene.

The shell bed itself contains Exogyra, Belemnites, and coprolites
which were derived from the Cretaceous formation. At Black Rock ?
the beds shown in Fig. 16 occur.

The bed of shell marl represented is, according to Emmons, identical,
with that at Browns Landing, and here it rests directly upon the
Greensand, while there at least 60 feet of sand and clay intervene.

Green sand,

1Geol. Surv. N. C., 1858, p. 85. His locality was Browns Landing, Cape Fear River. The mixture iy
entirely mechanieal.

2W. C. Xerr: Rep. Geol. Surv. N. C., 1875, frontispiece.

8Rep Geol. Surv. N, C., 1852, p. 4.

41bid, p. 46.

5 Emmons: Rep. Geol. Surv. N. C., 1858, p. 86.

S Emmons: Rep. Geol. Surv. N. C., 1852, p. 47,

7Emmons: Rep. 1838, p. 84.

8 Rep. Geol. Surv, N. C., 1858, p. 85.

2 Ibid., pp. 81-85.
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In the vicinity of Wilmington, Mr. J. T. Hodge made a collection of
Miocene fossils, which were identified and published by T. A. Conrad
in 1841} XKerr maps a limited Miocene area in this district, but makes
no reference to it in his text.

Lyell, in writing of the Eocene limestone, states® that ‘on the shore
at the town of Wilmington it is 12 feet thick, covered with a shelly
Miocene deposit 6 feet thick.”

Mr. Stanton, of the U. S. Geological Survey, also found Miocene beds
at this place during a visit made in 1891. They contain the ordinary
fossils of the Chesapeake group, like the Yorktown beds of Virginia.

Natural Well, Duplin County-—There is one more Miocene locality in
this state that deserves special mention on account of the extensive
collection made at that place by Mr. Hodge. This he designates® as
the “Natural Well,” of Duplin County, North Carolina. The sink, So
called, is a circular basin, partly filled with water, with steep banks
presenting the following section: :

Section at Natural Well, Duplin County (after Hodge).

Feet.] Character of strata.

34 | Soil, loam.

4 | Shell mar].

6-8 | Tough blue clay.

Blue sandstone.

The marl consists entirely of shells and fragments of shells, with a
small proportion of fine white siliceons sand, more or less discolored by
peroxide of iron. The shells are mixed together in great profusion,are
soft and friable, and show signs of having been massed together by
strong currents. Conrad enumerates about 80 species from this locality.

This locality has recently been visited by Mr. Frank Burnps, of the
T. 8. Geological Survey, who reports the ¢ well” or sink to be situated
in the midst of a hard-wood “hammock ” covering a few acres. The
surrounding country is Iow and level. The whole seems to be under-
lain by the shell bed, the commoner Miocene fossils fairly paving the
bottom of the small rivulets, ditches, and streams over a radius of sev-
eral miles. The section at the sink shows 10 feet of reddish sandy clay
covering the marl bed, which on the west side of the sink is about 5
feet thick. The sink known as the ¢ Natural Well” is one of several

1 Am. Jour. Sci., 1st ser., 1841, vol. 41, p. 344.
2Geol. Journ., 1845, vol. 1, p. 431.
8 Am. Jour. Sci., 18t ser., 1841, vol. 41, pp. 335-343.
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which are grouped in this vicinity. It appeared to Mr. Burns to be
about 200 feet in diameter, circular, and with perpendicular sides rising
about 30 feet above the water, which is popularly supposed to be bot-
tomless. On the west side part of the bank has caved in so that, on
the bank thus formed, the water can be reached. On the south and
east sides of the well the superficial loam diminishes to some 4 or 5 feet
in thickness and the marl bed to about the same number of inches.
Below them on all sides is a tenacious bluish clay mixed with sand,
which at the tine of Mr. Burns’s visit extended under water to a depth
of 4 feet, where it rests upon the sandstone of Hodge’s section. Much
of the marl has been removed for use as a fertilizer and good speci-
meuns of fossils are now rare. But better exposures of the marl can be
found in the immediate neighborhood of Magnolia, a village about 2
miles northeast from the well. On the farm of Mr. Strickland, 13 miles
northwest from Magnolia, the same bed afforded better preserved fossils
than at the well, while on the farm of Mr. Hollingsworth, 2 miles north-
east of Magnolia, the marl is cemented jnto a comparatively solid rock,
hard enough to burn for lime.

Mr. Burns obtained a very large collection from the vicinity of Mag.
nolia and the well, but the fauna appears td be remarkably similar to
that of the beds at Yorktown, Virginia.

Vertebrate remains.—Bones of six cetaceans, one Sirenian, and Masto-
don obscurus Leidy, beside a large number of fishes, have been enu-
merated by Prof. Cope! from the Miocene of North Caroling.

Submarine beds.—Among the dredgings made on the coast of the
Carolinas in 1885 by the U. 8. Fish Commission, were hauls at the fol-
lowing stations:

Lati- | Longi- | Fath- | s
No. | wiv | tade | o . General location.
[+ i o 1
2505 (35 8|75 5 63 | 22 miles ESE. from Cape Hatteras.| "
2506 { 85 8|75 10 49 | 17 miles ESE. from Cape Hatteras.
2615 |33 45 (77 25 18 | 27 miles ESE. from Cape Fear.
2616 | 33 43 | 77 31 17 | 25 miles ESE. from Cape Fear.
2617 | 33 37|77 36 14 | 25 miles SE. from Cape Fear.
2619 [ 83 38| 77 36 15 Do.

In the gravel brought up at these stations were numerous Miocene
fossils, mostly in a worn condition, including about twenty species of
shells and nearly as many fishes, among which Prof. Cope recognized
Galeocerdo egertons Ag., Nemipristis serra Ag., and a Lamna known to
be Miocene. The indications are that a considerable part of the sub-
marine plateau extending eastward from the shores of the Carolinas is

- composed of rock of Miocene age.

1 Rep. Geol. Surv. N. Carolina, vol. 1, 1875. Appendix B, by E, D. Cope, pp. 29-52, pls. 5-8.
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Lafayette formation.—This formation belongs to the second class of
deposits into which the Tertiary system of this state is divided—i. e.,
the perezonal.

Inthe eastern central part of North Carolina the formation'is notably variable and
-heterogeneous over the thinly covered eastern extension of the Piedmont crystallines
now culminating in the continental projection of Cape Hatteras (which has been
during past ages an even more conspicuous geographic feature than to-day), and
its features are evidently connected with the proximity of the crystalline strata.
Thus, at Wilson there is the usual partition into several regular and ratuer heavy
(2 to 5 feet) strata, the usual orange hue, and the usual distribution of quartzite and
quartz pebbles either throughout the several strata or in bands or pockets; but the
lowermost stratum exposed in the northern part of the town is largely composed of
arkose, slightly rearranged and sparsely intermixed with fine quartz pebbles, and
there is some admixture of arkose in the superior layers. Then,half a mile south of
Wilson a 9-foot railway cutting displays the usual heavy and moderately regular
bedding, and the usual hues both in weathered and unweathered strata, while the
lowest exposed bed (4 or 5 feet thick) is made up of interlaminated gray or white
clay and orange or reddish loam, the clay being fine and plastic, the loam tather
sandy and massive within each lamina, and the laminze sensibly horizontal and rang-
ing from an eighth of an inch to half an inch thick for the clay, and quarter of an
inch to an inch or move for thé loam. Both of these excepilional aspects of the for-
mation are exhibited in various exposures in this region; both resemble in some
measure characteristic aspects of the Potomac formation seen in eastern Virginia,
and it is significant that the Potomac is not found here (probably by reason of re-
moval through degradation), that crystalline rocks approach and in the immediate
vicinity reach the surface, and so that the Appowmattox probably rests immediately
awpon the eastward extension of the ancient Piedmont crystallines.
~ Nearer the coast the formation is frequently exposed in railway cuttings and dis-
plays the featurcs characteristic of the contemporaneous deposits north of the
Roanoke, save that the orange tints are less pronounced and mixed with browns and
grays in some strata, that the bedding is thinner and more pronounced, and that the
pebbles are small and rare. It is significant that the aspect of the formation here
approaches that displayed by the phosphate-bearing Pliocene beds of the South Caro-
lina coast,.

The latter, it may be added, are also of a perezonal nature.

Muarine Pliocene.—W hile it is highly probable that marine Pliocene
strata were deposited along the shores of this state at the same epoch
as those known to exist farther south, yet their presence in that part of
the state now above the sea has never been demonstrated. A very
considerable addition to our knowledge will be required before it can be
definitely stated that such beds are totally absent from the Atlantic
border of the state, where it is by no means unlikely that they may
have been confounded with beds of the Chesapeake group, as in South
Carolina, and for the same reason.

SOUTH CAROLINA.

At present the literature on the geology of South Carolina indicates
that there are two classes of deposits or formations which, though

McGee: Am. Jour. Sci., 3d ser., vol. 40, pp. 19-20. Appomattox is the name used by McGee in this
article.
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“

widely differing from each other in all paleontological, lithological, and
structural features, are, nevertheless, both regarded as having been
laid down in Neocene time. The one consists of ¢ a series of predomi-
nantly orange-colored, nonfossiliferous sands and clays, resting uncon-
formably upon Miocene and older formations, and unconformably over-
lain by the Columbia formation.”! This McGee regards as a southern
extension of his Appomattox (=Lafayette) formation, and assigns to it
“an age corresponding at least roughly with the Pliocene.” It will
be described hereafter.

NEOCENE MARLS.

The other consists of isolated patches of marl,® filling depressions in
the underlying Eocene or Cretaceous strata.

Mineralogically this marl* differs from that of the Miocene beds in
Virginia in that it contains a much greater percentage of calcium car-
bonate. Paleontologically the difference is equally marked; for both
Tuomey ° and Heilprin® maintain that the proportion of recent toextinct
species is more than double that in the Miocene of the Old Dominion.
These facts led Tuomey, in 1846, to refer” the beds in question to the
Pliocene rather than the Miocene, a view which was reasserted in
Tuomey and Holmes’ ¢ Pliocene Fossils of South Carolina,”® though
Holmes,® Ruffin,” Lyell," and Conrad '? had previously regarded them as
Miocene. More recently Dana’® has seemingly followed Tuomey’s inter-
pretation, though he substitutes the name Sumter for that of Pliocene.
Heilprin ™ correlates these with the North Caroliana Miocene beds, and
styles them ¢ Caroliniah” or “ Upper Atlantic Miocene.” Since the
discovery ! of undoubted Pliocene deposits in I'lorida with their abun-
dant and characteristic fauna it has become possible to state with cer-
tainty that some of the South Carolina forms are typical Pliocene spe-
cies. Dall concludes that these marly patches probably consist for the
most part of Miocene material that has, in some places, a certain me-
chanical admixture of true Pliocene forms incorporated subsequently
to their original deposition.

In South Carolina, as in North Carolina, paleontologists have been

1Am. J o.iu'. Sci., 3d ser., 1890, vol. 40, p. 15; ibid., 1888, vol. 35, p. 328.

2Tbid, p.33.

3M. Tuomey: Geol. S. C., 1848, p.171; Agric. Surv. S. C., by E. Ruflin, 1843, pp. 27-28; Contr. Tert. Geol.
and Paleont. U. 8., by A. Heilprin, 1884, p. 21.

4M. Tuomey: Geol. S. C., 1848, p. 171; E. Ruflin, Agric. Surv. S. C.,1843, p. 29,

8Geol. S. C., 1848, p. 183.

6 Contr. Tert. Geol. and Paleont. U. S., 1884, pp. 51-53 and 60-61.

7 Geol. of 8. C., p. 171,

80p. cit., 1857, p. 9.

*Notes on the Geol. of Charleston, S. C., Am. Jour. Sci., 3d ser., 1849, vol. 7, p.101.

10 Agric. Sarv. 8. C., 1843, p,27.

11 Quart. Jour. Geol. Soc. Lond., 1845, vol. 1, p. 413.

12 Medial Tert. Intr., 1843, p. 5.

13 Dana: Man. Geol., 1863, p. 506.

M Contr. Tert. Geol. and Paleont. U. S., 1884, p. 66.

18 Trans. Wagner Free Inst. Sci. Philadelphia, 1887, 1890, vols. 1, 3,



76 THE. NEOCENE OF NORTH AMERICA. [BULL. 84,

confronted with a difficulty arising from the alleged coexistence in the
same beds of fossils mollusks elsewhere characteristic of different
formations. In the fine work on the Pliocene of South Carolina by
Messrs. Tuomey and Holmes, both Miocene and Pliocene species are
included, with the result that, by some authors, the whole fauna has
been regarded as Miocene, and by others, including the writers of the
work in question, as Pliocene. Both conclusions rest on the assump-
tion that all the species referred to have been derived from the undis-
turbed matrix of a single horizon, although collected at a number of
different localities. This assumption appears insufficiently supported
by the facts, since no critical stratigraphic investigation of the beds in
question has ever been made, and especially no researches directed to
the solution of this particular series of discrepancies. It may, how-
ever, be assumed that no very obvious, if any, stratigraphical differences
exist, since otherwise it would seem as if they must have compelled
recognition before now. The shell marl, from which the fossils in ques-
tion have been derived, in part, at least, exists as patches of relatively
siall extent occupying shallow depressions in older deposits, which, as
well .as the marl and the superincumbent sands, are unconsolidated,
loose, and liable to more or less shifting. The action of the torrential
rains which annually visit this region, the influences at work in sub-
aerial denudation, freshets, and floods, as well as the carthquakes which
occasionally disturb the soil, offer means not at all inadequate to the
confusion of thin, superficial, incoherent strata of similar constitution
already in contact with one another; at least to an extent which would
make it extremely difficult to recognize any distinction of age or strati-
fication on a casnal examination. There is, of course, no reason why in
this state, as elsewhere, some species originating in the Miocene should
not persist to the Pliocene, or even to the present fauna, essentially
unchanged, as they are known to do in Florida, for instance. If this
were all, no question need be raised as to the synchronous existence ot
species which have been collected from these beds. But thisis not the
real question; on the contrary, it is entirely beside the point. What
we find in the supposed fauna of Messrs. Tuomey and Holmes is an
aggregation of species of which some have (both north and south of
the state) a definite stratigraphical position in certain Miocene beds,
where they have never been found associated with certain others as in
the South Carolina deposits. These others, again, are known to be mu-
tually associated in beds of Pliocene age, from which the above-men-
tioned Miocene types have never been collected. Lastly, the known
order of development, deduced from the succession of these forms in
regions where, as in Florida, the stratigraphical succession is unques-
tioned, complete, and distinct, is violated by their alleged contempo-
raneous existence in a locality so nearly adjacent. The annexed tables
illustrate the kind of diserepancies alluded to.
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I. South Carolina species exclusively belonging to the Miocene (Ec-
phora zone) in Florida, North Carolina, Virginia, and Maryland.

Scaphella trenholmii, Fla, N. C., Md. Fulgur incile, Fla., N.C., Va,, Md.
Mitra carolinensis, ¥la., N. C. Ecphora 4-costata, Fla., N. C., Va.,
Fasciolaria rhomboides, Fla., N.C., Mad.

Va. Cyprea carolinensis, N. C.
Fasciolaria sparrowi, Fla., N. C. Area centennaria, Fla., N. C., Va., Md.

I1. South Carolina species ekclusively belonging to the Pliocene or
later in Florida:

Mitra lineolata. Astyris lunatq,
Fasciolaria gigantea. Arca rustica.
Fasciolaria distans. Janira hemicylica.
Pisania auritula. . Ostrea ravencliana.

These tables are given as illustrations merely, and comprise conspic-
uous and characteristic members of the particular faune. With asin-
gle exception they are of large size and distinctive appearance. With
a better knowledge of the Tertiary fauna a complete list of such species
would probably be a long one, but we have taken only those which hap-
pened to be conspicuous and thoroughly investigated. Now, it seems
to the writer' that the supposition that the so-called Pliocene of South
Carolina represents a mechanical mixture of species of two horizons,
is more in harmony with what is known and with paleontological ex-
perience than the view that these species, elsewhere diversely distinct-
ive, are, in this locality and for this occasion only, biosynchronous. At
least it would seem as if the onus probandi lies with those who would
claim a nominally transitorial character for these beds.

The Great Carolinian ridge.—Another fact bearing directly on this
question is the lesser Pliocene and Pleistocene change of level in South
Carolina. The level of the Columbian (Quaternary) perezone above thé
sca is here less elevated than it is either north or south of South Caro-
lina. The off-shore deep sea soundings show that the sea bottom rises
in an east-west general direction off that state, so that the Gulf stream
flows up and over a hill or ridge transverse to its course. This indi-
cates o relatively stationary axis or wide fold here (for which in this
essay the term Great Carolinian ridge has been used), over which the
Miocene beds are thin because it was not greatly depressed, and the fol-
lowing Pliocene beds also may be supposed to have been extremely
thin, a state of affairs, considering the incoherence of the beds, which
would greatly have facilitated subsequent confusion of the fossils and
mixture of the material beds.

Stratigraphy.—These fossiliferous deposits are mainly confined to the
northeastern part of the State. In Horry district slight exposures were
noted by Tuomey on Little River; better ones were seen along the

1'W. H. Dall.
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Waccamaw, for some distance from Conway borough. At Potters Land-
ing and at Harpers the strata appear as follows:

Feet. C\hamcter of strata.

3040 | Yellow sand.

8-12 | Yellow fossiliferous marl.

8 | Cretaceous beds.

On the right bank of the river, not far from Nixonville, the beds as
exposed stand thus:?

Feet. Character of strata.

30 | Loose sand and clay. ~

10 | Marl.

2 | Cretaceous. Exogyra costala.

From these and other less important exposures on the Waccamaw
Tuomey enumerates 47 molluscan species, 21 of which he regards as
recent.

In the southeastern part of Marion County several marl beds have
been noted in the banks of or near the various rivers by which this dis-
trict is crossed. The most easterly of these? is exposed on the Marion
road, 2 or 3 miles from Galovants Ferry on Little Peedee River. It
is 6 feet in thickness, is laid bare for a distance of 100 yards, and
contains Pecten eboreus, Ostrea virgiwica, and O, disparilis. On the
Great Peedee three localities are worthy of special mention, viz, With-
erspoons Bluff, Giles Bluff, and Godfreys Ferry. At the first of these
marl is seen rising from the water’s edge, in a bed 10 feet thick, the
upper portion of which is more siliceous than the rest. Modiola ducateli
and Panopea refleva have here been identified. At Giles Bluff® the
marl bed is from 8 to 10 feet thick, and is underlain by Cretaceous de-
posits at least 20 feet thick. The lower part of the marl is soft and of
a light ash color, and contains fine specimens of Pecten mortoni. Above
the structure is coarser, of a ferruginous color, and made up principally
of casts of shells, among which Chama congregata predominates. The

UM. Tuomey, Geol. S. C., 1848, p. 173.

21bid., p. 175.

3 E. Ruffin gives the thickness of the Miocene at this place as 12 feet and the underlying Cretaceons
bed 14 feet.—Agric. Surv, S. C., 1843, p. 24,
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upper, firmer portion of the marl is again seen at Godfreys Ferry,! which
is its southern limit on the Peedee.

Leaving the river and proceeding toward Darlington Court-House,
marl occurs at wide intervals and is rarely exposed except in artificial
excavations. Immediately about the village localities are quite numer-
ous. The marl is usually found in the beds of creeks and their branches,
though sometimes met in digging wells. Aboveit are superficial incoher-
ent beds of sand, clay, and the accumulating organic matter of swamps.
The most important exposure in this vicinity is that at ¢ Col. Ervin’s,”
on a small stream one mile east of the court-house. Themarlishere 10
feet in thickness. The fossils are in a fine state of preservation,and,owing
to extensive excavations that were-being made at the time of Tuomey’s
visit to this locality, he was able to make an execellent collection,
This assisted him materially in his conclusions in regard to the age of
these marl deposits. In a southwesterly direction from Darlington, as
far as the Black River, in Sumter County, humerous exposures of marl
may be seen; one of these has yielded * fragments of deer horns, together
with Gnathodon and Cyrena; from another a tusk of Mastodon has been
reported.” Below Eutaw, in St. John Berkeley, marlis dug from pits
for agricultural purposes, though there are no natural exposures. From
these, Tuomey has obtained Ostrea disparilis, Pecten septenarius, Venus
réleyi, and Eephora quadricostata. Again, at Grove,® on the left bank
of Cooper River, the Miocene marl has been cut into during the construe-
tion of a canal. This marlis lithologically like the Eocene, and can be dis-
tinguished only by its fossil remains. Very similar to this marl bed is
one on Goose Creek;® the latter, however, is somewhat more ferruginons
and harder.

On the Edisto,” below Givham’s. Ferry,-Ostrea disparilis and other
fossils of this formation have been detected.

In the vicinity of Oakley Inlet, Georgetown District, Ruffin® col-
lected ¢ Venus rileyi, V. alveata, Corbula inequale, Arca limosa, a va-
riety of Ostrea virginiane,” and others, all in an excellent state of
preservation. They were evidently thrown up by the waves and ¢ must
have formed part of a submarine bed of Miocene marl, which still
exists and perhaps has always remained under the sea.” Moreover, a
shark’s tooth ¢ precisely similar to those of large size found in the Mio-
cene of Virginia” was “drawn up by an anchor from the bottom of
Charleston harbor, in water 45 feet deep, off Fort Sumter.”

! Ruftin states that the Miocene marl has a visible thickness of over 25 feet above water the and on
Cretaccous marl was seen beneath it.—Agric. Surv. S. C., 1843, p. 24.

2Geol. 8. Car., M. Tnomey, 1848, p. 177.

8Ibid p. 178. These remains are hardly Miocene in character.

41bid p.178.  This deposit, on the other hand, is characteristically Miocene.

5Xbid p.179. Lyell mistook this for Eocene: Quart. Jour. Geol. Soc., 1845, vol. 1, p. 432.

6 For the history of the discovery of this deposit, see Ruffin's Agric. Surv. 8. C., 1843, p. 28.

7 Geol. 8. C., M. Tuomey, 1848, p. 179.

8 Agric. Surv. S.C.,1843, p. 34.
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PLIOCENE ROCKS.

Lafayette formatidn.—'l‘his formation, as has already been stated,
consists of a perezonal series of predominantly orange-colored, non-
fossiliferous sands and clays, resting unconformably upon Miocene and
older formations, and unconformably overlain by the Columbia.

Unfortunately, little has as yet been published concerning the geo-
graphical distribution, thickness, lithological features, etc., of this
formation in Sonth Carolina. McGee says in substance that it forms a
terrane 40 or 50 miles wide on the Roanoke, thence extends southward
in a broad zone at first widening but afterward narrowing with the
encroachment of the overlapping coast sands upon its area, quite across
the Carolinas.! Hypsographically it extends from an elevation of from
25 feet to 650 feet above tide? level. South of the Roanoke 2 it is subject
to local variations in its lithological and stratigraphical features. In
some instances it approaches in appearance the phosphate-bearing
Pliocene beds* of the South Carolina coast, into which it perhaps
merges.® He says:§

Another distinctive but hardly distinct aspect of the formation is extensively dis-
played in central South Carolina, notably about Columbia. Here the usual mod-
erately regular and rather heavy but always inconspicuous bedding of the formation
is displayed; but the prevailing colors are richer and darker than in other parts of
the terrane, commonly ranging from orange red to chocolate brown. Moreover,
certain of the strata exhibit a peculiar mottling (which is better displayed farther
southward); certain other strata exhibit a distinctive cross-stratification defined by
gray or white plastic clay in lamince, irregular sheets, and lines of pellets ; the
various strata are more uniform in composition than in the north, consisting rather
of loam than of sand and clay in alternating beds, and the deposit as a whole takes
on a solid, massive, and rock-like appearance, and gives origin to a distinctive
topography. So conspicuously diverse in color, texture, and habit of erosion are
the prevailing formations of central South Carolina that over thousands of square
miles the surfaee is popularly dividedinto ¢ red hills ” and * sand hills ”—the former
representing the Appomattox, the latter the southern interfluvial phase of the Co-
lnmbia formation.” The distribution of pebbles in this vicinity is especially inter-
esting ; northeast of the Congaree River, on the line of the Richmond and Danville
Railway, pebbles are rare to within 2 miles of the present water way; there they
suddenly increase in abundance, and in some sections within a mile from the river
form a considerable and sometimes the principal part of the deposit; while south of
the river they quickly become rare, being abundant only within a mile or less of the
river bluffs. The pebbles are predominantly of quartz, though partly of quartzite,
and comprise a few gneissoid fragments. They range in size from two and a half

} Am. Jour. Sci., 3d ser., 1890, vol. 40, p. 28.

2Ibid., p. 30.

31bid., p. 19.

4 Lbid., p. 20.

& Thid., p. 33.

sIbid., p. 20. i

7This expression needs modification to avoid misconception. The *‘ red hills,” as above used, means
merely the superficial debris rearranged from the subjacent formations; the same is true of the * sand
hills.” The ‘red hills” and *sand hills " formations of South Carolina local usage are the red Buhr-
stone (or Claiborne Eocene) beds of Tuomey and the white siliccous Buhrstone which lies below it.
The material derived from themn and used in the Lafayette and Columbia perezones is that to which
the words of McGee relate.
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inches downward. Commonly they are accumulated in lines or pockets, sometimes
ai the base of the formation; but a few also occur disseminated throughout the ill
defined strata. )

About the fall line on the Santes River system the Appomattox (Lafayette) loam
is in part overlain unconformably by the Columbia formation, though it has heen
severely degraded; and in an admirable section on the Richmond and Danville Rail-
way immediately east of the state house, where both upper and lower contacts are
displayed, the Appomattox rests unconformably on the Potomac. Farther up river
the Appomattox rests directly upon the Piedmont crystallines, which here give origin
to residuary products of dark red and brown color, and so the origin of the excep-
tionally rich hues of the formation in this region are not difficult to trace.

As our note (p. 80) shows, there is a liability to misconception in the
language of McGee’s account of the deposits included in the Lafayette
formation. He seemingly includes in it beds of much greater age than.
that to which the Lafayette can be referred. But we understand that
his intention was to indicate, as part of his Lafayette, only that super-
ficial portion of these older beds which has been rémanié by the pere-
zonal forces at a later time.

GEORGIA.,

The distribution of the Tertiary deposits of this state is still but im-
perfectly understood, and the informmation brought together here, though
fuller than elsewhere published, is still only roughly approximate.

MIOCENE.

Altamaha grit.—Descending the Ocmulgee River from Hawkinsville,
Pulaski County, the main body of the country rock composing the bluffs
along the river is the Orbitoides or Vicksburg limestone, often silici-
fied and occasionally surmounted by a still more cherty layer, corre-
sponding to the foraminiferal beds which form the culmination of the
Eocene in Florida. Theserocks rise to some 80 feet above the river,
and at House Creek, Willcox County, are covered by a thin sandy bed
containing the same silicified oyster shells, and presenting much such a
petrologic character as the Hawthorne beds of Florida. Below this
point the bluffs recede from the river but near the middle line of Coffce
County appear again, exhibiting at Rocky hammock the first example
on the river of a formation to which the name of Altamaha grit may be
applied. The preceding notes are from observations by Mr. Frank
Burns, of the U. 8. Geological Survey, but the first reference we have
found to this formation is by Loughridge! who describes it as follows:

Included between the Savannah River and the Atlantic and Gulf water divide,
there seems to have been once formed a large shallow basin, which is now filled with
a sandstone composed for the’ most part of coarse angular grit and clay partly
cemented with silica, and resembling in character the Grand Gulf sandstone of the
Gulf states. The area is marked on the map by the deep green color of the pine barren
region, whose soil overlies the formation. The rocks have a slight dip to the south-
east, have been traced by Capt. M. T. Singleton for 60 miles along Oconee River, and

he estimates the thickness to be 200 feet. -

' Dr. R. H. Loughridge: The Cotton Product of Georgia, in Tenth Census, vol. 6, part 11, pp. 15,186,

Bull. 84——6
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Outerops have been observed in Irwin, Dodge, Ware, and other counties. Paramore
hill, in the western part of Screven County,is of this sandstone, which has a thickness
of 50 feet or more. Its grains of quartz are partly clear and translucent and partly
white and opaque, and the rock is highly aluminous.

The southern limit of the sandstone is apparently at the edge of the second ter-
race, near tho coast and along the Satilla River north of Okefinokee swamp, but the
formation (represented by Llue clays underlying the sandy land) extends probably
still farther southward, including in its area the country near the Florida line, be-
tween Allapaha River on the west and the ridge on the castern side of the swamp, a
part of the main Atlantic and Gulf water divide of the state.

In order to detine more closely the limits of this formation and deter-
mine, if possible, its age, Mr. Frank Burns, of the U. S. Geological Sur-
vey, was requested to follow the river from Hawkinsville to the point
where it emerges from the highlands upon the flats of the Coastal plain.
This point is approximately marked by the Atlantic Coast Railroad, as
the last bluff of the grit is only a few rods above the bridge across the
Altamaha River at Doctor Town, the piers of the bridge resting upon a
newer formation.! Between Rocky hammock and Doctor Town all the
blufts (which are mostly on the right bank of the river) are composed

- of the grit, somtimes extremely hard and flinty and at others more dis-
posed to erumble, but always composed of angular grains of slightly
worn quartz mixed with more or less clay as a matrix and with water-
worn quartz pebbles. The Altamaha gritis well exposed in these bluffs,
which sometimes, as at Tillmans Ferry, Tatnall County, reach an ele-
vation of 70 feet above the river, the beds being nearly horizontal or
dipping slightly to the south and east.

The soil above them is sour and sterile, the decomposed quartz grains

. allowing the finer vegetable mold or any applied fertilizer toleach away
rapidly. The district under which they occur has the local name of the
“wire-grass section,” and from an agricultural standpoint has only its
healthfulness to recommend it. It is but sparsely settled and has few
attractions.

These grits are obviously of a perezonal nature and represent, for the
Georgian embayment, the operation through the agency of the south-
eastern drainage of Georgia of the same forces and analogous circum-
stances, to those which on the borders of the Mississippi embayment
produced the Grand Gulf perezone. Though the contact with the oys-
ter-bearing Hawthorne beds of House Creek was not observed by Mr.
Burns, there can be little doubt that the latter are overlain by the
grit where they join, and that the grits which contain no fossils except a
little silicified wood are consequently of Miocene age. Seaward from
them marine Miocene beds of the Chesapeake series were doubtless laid
down, since Conrad records the washing up on St. Simons Island of a
specimen of Ecplora.®

1 2Mr. Burns learned that in digging for the foundations of these piers a bed of marine shells was cut
through about 20 feet below the surface. At Jesup, not far west on the railroad, at 20 to 23 feet, an
artesian well passed through a bed of oyster shells, below which was only yellow sand, and the well
after being driven 500 feet without reaching water was abandoned. These shell beds are probably
Pliocene or Pleistocene, but withoat much Iabor could not be reached at the present time.

2 Proc. Acadl. Nat Sci., Phila., 1852, vol. 6, p. 199.
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Chattahoochee group.—Rocks of this age are known to occupy atleast
a narrow strip along the southern border of the southwestern tier of
counties, being probably more or less continuous with the belt of Haw-
thorne beds observed by Burns on the Ocmulgee River and regarded
by him as extending over a considerable areato the southwest. A large
silicified coral, similar to those found in the clay of the Hawthorne beds
in Alachua County, Ilorida, was, according to L. C. Johnson (letter of
May 11, 1885) obtained by State Geologist Little at Thomasville, Geor-
gia. Very recently from Barrows and Campbell Hill, Decatur County,
Georgia, in the vicinity of Bainbridge, Prof. R.Pumpelly has forwarded
specimens of silicified corals belonging to the same species as those.
found in the Hawthorne beds of Ilorida, together with fragments of
rock containing fossils of the Chipola marl.

The latter, according to Prof. Pumpelly, come “from broken-up sili-
ceous beds in the great mass of clays which are the residuum of the
shrinkage by dissolution of, I think, a great thickness of strata.” ¢Un-
derneath them is limestone” belonging to the Vicksburg group, contain-
ing Orbitoides mantelli and Pecten poulsoni, in place at Russells Spring
on the Flint River.

This evidence confirms the former existence of Miocene sediments,
forming the link between Altamaha grits and the Miocene of the Chat-
tahoochee River in I'lorida, which bordered on the north the Miocene
strait connecting the Georgia embayment with the Gulf of Mexico.
These sediments have liere, as in many other places, disappeared under
the solvent influence of percolating waters; leaving only the harder frag-
ments, silicified fossils, and insoluble clays to indicate their presence.
Subsequently, probably in early Pliocene time, the processes which
formed the La Fayette perezone have rearranged to some extent the
residual materials of the older Miocene rocks without, apparently,
transporting them from their original site.

Jacksonboro limestone.—A. locality near the northeastern border of
the state has recently afforded evidences of Miocene strata apparently
belonging to a horizon near that of the Chipola series. Near the conflu-
ence of Brier Creek and Beaver Dam Creek, which together form a trib-
utary of the Savannah River, and 3 miles below Jacksonboro, Scriven
County, Georgia, is a stratum of limestone containing very numer-
ous casts of shells and occasionally a silicified specimen, on the whole
not unlike the Tampa limestone. This stone was formerly burned for
lime. It was visited by Lyell,! who referred to it on several occasions
and supposed it to be of Eocene age. This locality was recently vis-
ited by Prof. W. B. Clark, who found the quarry and ruins of the kiln
spoken of by Lyell. An examination of the material collected there
showed the presence of Strombus chipolanus ; Fissurella like Maryland-
ica; Infundibulum perarmatum Con?; Xenophora humilis ; a Cerith-

1See Lyell, Proc. Geol. Soc., vol. 3, pp. 735, 742; vol. 4, pp. 547, 563, and reprints of the same papers in
Quart. Jour. Geol. Soc., 1845, vol. 1, pp. 413 and 429,
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tum, much like C. hillsboroensis ; a species of Vertagus, recalling one
from the Caloosahatchie Pliocene; Capulus, like one in the Tampa
silex beds; Bulla petrosa 2 Pecten septenarius, a small Macoma like one
from the Tampa silex beds; a Cardium and an Ampullina, resembling
the Chipola species, besides a number of forms which might be Eocene
or later, but had a Miocene aspect. There were, as in the Chipola
beds, several forms known from the Upper Eocene, such as Hburna sp.,
Serpula sp. The section here showed 5 feet of ferruginous sand and
over 12 feet of compact marly rock with fossils. Until a more thorough
examination and study of the species has been made the matter can

_not be said to be finally settled, but at present the presumption is ob-
viously in favor of the early Miocene age of this deposit, from which
Lonsdale has described ! several corals collected by Lyell. The upper-
most fossiliferous layer at Shell Bluff, while probably Eocene, presents
indications of a modification of the fauna in the direction of that fol-
lowing it in the Miocene epoch. Cerithium, Cardium, and Yoldia closely
resembling Y. limatula, were found by Prof. Clark in Richmond County
west of Augusta, in a pit at McBean, on the land of R, W. Knight. A
similar silicified layer was observed by Frank Burns capping the softer
Vicksburg along the Ockmulgee River between Hawkinsville and House
Creek.

PLIOCENE ROCKS,

Marl beds.—Two very different deposits in this state have been re-
ferred to the Pliocene age. The one is described by Loughridge as
follows:

The Savannah region along the coast, which occupies the first terrace at an eleva-
tion of from 10 to 15 feet above tide-water, is assigned to the Pliocene formation.
Marls or shell beds of this age are found on the Savannah River near the Effingham
and Chatham County lines. On Satilla River a white marl bed outcrops at Burnt
Fort, the head of tidewater, which is mostly devoid of fossils. In the sand and clay
beds of the coast region in Glynn, Chatham, and other counties have been dug up
the remains of gigantic quadrupeds, such as the mastodon, and along its borders are
buried stumps of cypress and other trees still standing upright.

The Lafayette formation.—This, according to McGee, forms ¢“thg .
most conspicuous terrane of central Georgia, where it stretches from
the fall-line to the inland margin of the coast sands all the way from
the Savannah to the Chattahoochee.? Itisin this state that the for-
mation appears best developed. At many points it overlaps far upon
the Piedmont crystallines. On the seaward side of the fallline it is
unquestionably overlapped in turn by the pine-clad sands of the Co-
lumbia formation over many thousand square miles. It evidently
reaches a considerable thickness, perhaps 100 feet or more.” Good ex-
posures may be seen at Augusta, Green’s Cut, Munnerlyn, Sun Hill,
and especially at Macon, where it is typically developed. ¢“Above the

1 Quart. Jour. Geol. Soc., 1845, vol. 1.
$ Am. Jour. Sci., 3d ser., 1890, vol. 40, p. 28,
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reach of modern alluvium, and above the vaguely defined and poorly
exposed ¢second bottoms’ it forms the prevailing surface;! and in every
street and suburban road, in every storm-carved runnel and road-side
gulley, and in every cutting of the seven railways radiating from the
city its materials are exposed.” Here it displays its usual orange-yel-
low and orange-red tints, its cross-bedded structure, and its indefinite
and irregular stratification. Here, too, near the fall-line the formation
abounds in,small pebbles, arranged in lines, accumulated in pockets or
disseminated throughout the deposit. At Macon, as at Columbia, the
Appomattox (Lafayette) is intercalated between the Columbia and
Potomac formations. It is noteworthy that although the Appomattox
(Lafayette) and the Potomac are here, as clsewhere, strikingly uncon-
formable, they sometimes merge so completely that no line of demar-
cation can be drawn with precision. Of these three formations, the
finest southern exposures may be seen just below the falls of the Chat-
tahoochee in the villages of Girard and Lively, Alabama, opposite Co-
lumbus.

Vertebrate remains.—In the American Naturalist, 1878 (vol. 12, p. 129),
itis stated that Prof. Little, director of the geological survey of Georgia,
lias accumulated a valuable collection of the vertebrate fossils of the
state, of Cretaceous and Tertiary age. Among these there have been
identified the dinosaurian Hadrosaurus tripos, and the turtles, Taphras-
phys strenuus and Amphiemys oxysternum, a new genus and species re-
lated to Adocus. Mr. Loughridge, of the Survey, also discovered a very
fine specimen of that rare propilurid, Peritresius ornatus.

FLORIDA.
INTRODUCTORY.

The state of Florida presents the most complete succession of Ter-
tiary and post-Tertiary fossil-bearing strata of any part of the United
Sta_tes. These have been but little disturbed by orogenié movements,
exhibit but trifling uncomformities, and present numerous interesting
cases of the survival of forms-from one horizon to another, thus illus-
trating in the most forcible manner to the biologist the uniformity of
conditions under which the beds have been laid down.

Perhaps no other region on our coast presents so many instances of
Miocene species still existing in the deeper waters off its own shores.
Nowhere else can the problems of descent with modification during
Cenozoic and later time be so well studied in the fossil and recent
faunas.

For these reasons, since Florida offers a sort of standard, with which
it may be convenient to compare the Cenozoic beds of other parts of the
coast, and also because much unpublished material pertinent to the
occasion is in the writer’s® possession, the description of Floridian geol-

™

1Am sour. Sci., 3d ser., 1890, vol. 40, p. 22.
For the portion of this essay relating to the state of Floride W.H. Dall is solely responsible.
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ogy has been more fully detailed than in the case of either of the other
states referred to in connection with this essay. The peculiarity of cer-
tain processes, such as erosion by solution and deposition by chemical
rather than by g’ramtatlve energy, which have played such an impor-
tant part’in the geology of the peninsula, the simplicity of its petro-
graphic character, originating almost solely from oceanie, chiefly organic
sediments; and the total absence of ‘certain forms of action, conspic-
uous, if not overshadowing all others, in most other parts pof the con-
tinent; all these things render the geology of Florida especially inter-
esting.

In offering here and there a working hypothesis in explanation of
sundry problems, the writer would explain, once for all, that these
hypotheses are provisional, that he fully appreciates the defectiveness
of our knowledge and anticipates the necessity, with further knowledge,
of much revision and correction. Nevertheless, he believes that facts,
like beads, can be better appreciated strung on the thread of even a
working hypothesis than when merely incoherently aggregated.

All the facts at present gathered tend toward the conclusion that the
Floridian peninsula is a region where geological action has been gentle,
slow, and very uniform; where elevations and depressions, if sudden,
have been slight in vertical range and symmetrical over considerable
areas; where the total elevation has probably not been very much
greater than at present, in post-Cretaceous time; and where organic
sediments in the main, have been the building material. The changes
in the rocks have been almost exclusively due to chemical rather than
mountain-building forces, and have repeated themselves in rocks of each
successive epoch by methods which can be studied in actual operation
at the present moment.

TOPOGRAPHY OF THE FLORIDA PENINSULA.

Foundation of the peninsula.—The shore lines of the peninsula of
Florida very imperfectly indicate its fundamental topographic relations.
To understand those it is necessary to study a chart, such as that
accompanying this volume, or a model which exhibits the submarine
topography of the adjacent seabottom as well as the subarial modeling
of the land surface. On grounds which are more fully discussed in
another section of this essay, I am disposed to believe that the present
peninsula rests on a much more extensive foundation of Eocene lime-
stone, mostly of Vicksburg age, forming a plateau which formerly ex.
tended from the southeastern margin of the continent to the Cuban
and Bahaman region and possibly to Yucatan. The deeper channels
which now separate the Floridian part of this plateau from the Antil.
lean and Yucatan areas are probably, as Agassiz has suggested, due to
scour exerted by the Gulf stream as its flow became restricted by the
gradual elevation of the land, though there is some evidence in favor
of faulting in this connection. The material, as originally deposited,
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consisted almost wholly of siliceous and calcareous remains of marine
invertebrates, which at the period when the scour was initiated may well
have been in a comparatively soft or incoherent condition, as mueh of
the Vicksburg limestone still remains. The attrition of the siliceous
particles and harder calcareous fragments, contained in the uppermost
layers and transported by the tremendous energy of the current, would
have formed a sand blast capable of almost any amount of cutting, and
more than equal to the task which has been performed in the Florida
strait and its northern extension under the Gulf stream.

Folds of the strate.—In considering the topography of Florida it has
been customary among geologists and others to speak of the “central
ridge,” “elevated axis,” and in the latest contribution to the subject!
Prof, Shaler regards Florida as ‘“formed of lowlands rising as a broad
fold from the deep water on either side to a vast ridge, the top of which
is relatively very flat, there being no indication of true mountain folding
in any part of the area” In an extremely wide and general sense it is
of course true that the peninsula forms a great fold, but in the ordinary
and literal meaning of the words this descmpmon conveys an inaccurate
idea of the structure of the region.

ORIGIN, CHARACTER, AND DECAY OF ROCKS.

Before endeavoring to give an idea of the topographic structure, ag
observed by the writer, it will be well to consider the material of which
the peninsula is composed and its behavior under the conditions to
which it has been almost invariably subjected.

The materials hitherto observed in the peninsula of Florida, and of
which the rocks are for practical purposes exclusively made up, are
lime, clay, and silex, with occasionally a little oxide of iron, all materials
which at the present moment are being copiously deposited in the bed
of the ocean.? In Florida, for the most part, they may be assumed to
have been derived from organisms or sediments transported to the spot
by the sea. From organic agencies, operating since part of the penin-
sula has been raised above the sea, have been received sulphuretted
hydrogen, carbon dioxide, and phosphoric acid, which, in a state of solu-
tion or chemical combination with rainwater, have energetically acted
upon the rocks.

The Eocene lime rocks were deposited over a vast area of the sea

1The Topography of Florida, Bull. Mus. Comp. Zool., 1890, vol. 16, No. 7.

2 At a depth of 600 feet, in boring the artesian wells for the Sub-"L'ropical Exposition at Jacksonville,
Florida, two years ago, a thin stratum of greenish clay was struck which containg numerous ex-
tremely fine particles of mica. These particles were, of course, derived from the continent to the north-
ward, the rocks with which the clay was associated in the wells, being of the Chesapeake group or
newer, cold water, Miocene. This clay much recalls the clay associated in many places farther north
with the fossils of this age. The bed which contains it is the only stratum reported from the penin-
sula part of Florida, and yet brought to the writer's notice, which might not have been derived from the
material of which the peninsula has been built up.  Pebbles of erystalline rock from the St. Augustine
well and the small particles of volcanic rock of Antillean origin, in the marls of Southern Florida may
be considered as exceptional exotics. Most of the latter probably reached Florida attached to drlfbmg
scaweed or the spongy floats of Lepas fascicularis,
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bottom, instead of a narrow strip, as in the case of sediments directly
derived from antecedent dry land. To the broad and even manner in
which they were spread out and the fact that subaerial erosion has on
.the dry land of Florida proceeded rather by processes of solution than
by comminution and transportation of the material comminuted, we
may ascribe the feebleness of those evidences of lateral thrust and ver-
tical flexure which on most coast regions are so forcibly exhibited.
Nevertheless, flexures are not entirely absent, as was pointed out by the
writer on another occasion,! even in the later deposits of the southern
part of the peninsula, where, in the section exposed on the banks of the
Caloosahatchie River, gentle folds with their axes generally parallel
withthe trend of the peninsula, continually succeed one another between
Lake Okeechobee and the Gulf of Mexico.

Effects of solution onthe topography.—From Eocene times until the pres-
cnt day the modification of therocks has proceeded through a series of
constantly recurring similar changes. The silica derived from organic
remains has been taken up by percolating waters and redeposited in the
form of sheets, strings, and nodules of flint, chalcedony, or chert,oras a
cement holding together with extreme tenacity the other minerals of the
particular stratum concerned. The ¢ gravels” referred toin the descrip-
tion of peninsular Florida rocks are the waste of these siliceous prod-
ucts comminuted by wave action or left loose by the solution of their
associated carbonate of lime and rounded by attrition on each other.
Much of the sand of Florida is derived from the same source, exclud-
ing the shore sands of the eastern coast. Occasional minute particles
may be found which seem to have had a volcanic origin, and which are
doubtless derived from the volcanic region of the Antilles. The decay
of organic, largely vegetable, matter carried by rain into the inter-
stices and subterranean passages of the porous lime rock produces the
sulphuretted waters, whieh are found all over the peninsula. These
sometimes find an exit on the seashore and are often sostrongly charged
as to destroy life in all organisms with which they come in contact over
liundreds of square miles of coast. To these or to analogous forces
acting on the lime rocks may be ascribed the formation (as at Dunellon
on the Withlacoochee) of extensive beds of gypsum or sulphate of lime.
In a similar way the action of rain water on beds of guano or the daily
ejections of great rookeries of birds in some cases, or on other decay-
ing animal matter in other cases, has carried phosphoric acid into the
subjacent porous lime rock in such a way as to result in the modifica.
tion of numerous extensive beds of ordinary limestone or marl into
more or less phosphatized lime rock, much of which is available for fer-
tilizers. The presence of the organic material and the porosity of the
rock beneath it have alone been in question here, as rock of allages, from
the Eocene up, has been subjected to similar influences in Florida with
analogous results.

It is probable that the beds commercially most valuable are comprised

’»GAVe;)i‘;g_';&f El;‘lorida: Am. Jour. Sci., 3rd ser., 1887, vol. 34, p. 1G8.
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within more limited geological confines, but essentially the same agencies
have been at work up to the present moment, though with varying de-
grees of energy and very different quantitative sources of supply.

By the constant slow circulation of the fresh water derived from the
atmosphere and contained in the porous rock, like water passing through
a stone filter, a circulation incited by gravity and relieved by the out-
tlow of myriads of springs, the salt which might have been entangled
in the original sediments appears to have been almost wholly removed
trom the Florida rocks.

Most of the limestones contain more or less clayey matter, but oc-
casional beds of clay occur of such magnitude as to suggest a different
origin, perhaps from river sediments transported from a distance, or
other sources which can not with our present knowledge be satisfac-
torily determined.

The general structure of the peninsula seewms to ll]dlC'bte a succession
of moderate longitudinal folds which are more accentuated in the
north, and which, like those mentioned as observed on the Caloosa-
hatchie, trend with the general trend of the peninsula. The evidence
points quite strongly to the existence of two principal anticlinal folds,
of but very moderate height, it is true, but high compared with the
average level of the peninsula and to which its most remarkable topo-
graphic features are due. The highest and oldest of these folds is also
the most western and consists chiefly of Eocene limestone. The east-
ern fold is somewhat narrower and lower and formed of Miocene rocks.
The features of the latter are obscured by superficial sand deposits.

The peculiar solutionary method by which erosion is chiefly carried
on in Florida results in unfamiliar topographic minor details. The
broader features often recall that peculiar facies of the English
¢ downs,” which is due to analogous causes. The “lumpy?” rounded
character of the superficial sandhills is very confusing to the eye and
effectively masks the long and gentle curves of the strata. Only when
a water level, as along a stream, offers a direct means of comparison
does one recognize the fact that these apparently horizontal rocks are
really bent.

Good exposures of this sort are, Illlha,pplly, rare in Florida, and but
little of the country is visible under its carpet of semitropical vegeta-
tion or even more delusive blanket of sand. For proof of the exist-
ence of the greater flexures recourse must be had to another method.
It is obvious, if the strata look horizontal wherever we are and if one
finds by a series of levels that the supposed level surface really
describes a series of ridges, that at least a probability is established for
the proposition that the strata are also flexed.

PROFILES FROM LINES OF RAILWAY LEVELS.

From series of levelings executed for railway surveys in Florida I
have prepared the following profiles. It may be stated in advance that
the leveling is probably of a rough and ready character, not to be de-
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pended upon for the registration of minute differences and in some
cases having rather uncertain connection with the level of mean tide,

here taken as zero. Yet for con-
siderable differences of level and
for general relations of altitudes
to each other it may be presumed
to be accurate enough for our pur-
poses, even if the absolute altitudes
are not determined with great ex-
actitude.

These represent, respectively:

I. Profile from the ocean at San
Pablo Beach east of . Jacksonville
westward 110 milesto the Suwanee
River, reduced to the parallel of
north latitude 30° 15’. (Fig. 17.)

This shows the Atlantic drain-
age, part of the gulf drainage, and
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what I have termed the Central Lake basin between the two principal
anticlines, cut nearly at right angles, not far from its northern extrenie.

The levels were furnished by the
officers of the Florida Railway
and Navigation Company to the
geographer of the U. S. Geologi-
cal Survey.

II. A similar east and west
profile reduced to the parallel 28°
30/, from the sealevel at the inlet
called Indian River west to the
Gulf at Tampa Bay, from levels of
the South Florida Railway Com-
pany. (Fig.18.) -

This profile cuts the ¢ central
basin” near its southern third,
and the third anticline west from
it is clearly brought out. This
profile is less right-angled to the
anticline axes than the northern
one (I), because the peninsula
trends more easterly as we go
south, but it is reduced from a
profile almost exactly right-
angled to these axes, and the dif-
ference on the scale used is un-
important. Southward from this
region the general surface of the
peninsula becomes lower and the
elevation of the anticlines less
and less marked.

III. A northeast and south-
west profile from Fernandina on
the Atlantic coast to the Gulf
near Cedar Keys, 110 miles, from
the Savannah, Florida and West-
ern Railway leveling. (Fig. 19.)

This profile shows the Atlantic
and Gulf slopes, the Central
basin, and the third anticline
near Archer, cutting the region
traversed at an angle of 45° with
the two previous lines.

IV. A north-south profile re-
duced by rectangular coordinates
to the meridian of 82° west Green-
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wich, from Callahan near the northern boundary of the State 180 miles
south to Plant City, on the southern division of the Florida Railway
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and Navigation Company’s road.
(Fig. 20.) ’

This profile cuts the region at
an angle of 90° with sections 1 and
11, but is somewhat oblique to the
geologic axis. It leaves Callahan
on the Atlantic slope, crosses the
eastern anticline obliquely from
Ilighland to Hawthorne, thence
traverses the Central basin for 80
miles, rising on to the western
anticline at Dade City. Between
Dade City and Plant City, which
last place is supposed to be on the
second western anticline, there is
an apparent dip into a shallow
synclinal trough, but the data for
this part of the road represent
only the height at stations, and
not the continuous profile, and its
features can not be given with pre-
cision. Brookville, which is ap-
parently on the third anticline, is
indicated, but is outside the pro-
file.

It will be admitted that these
profiles unitedly testify to the ex-
istence of a ridge or height of land -
between the St. John’s drainage
area and that of the central lakes,
and of another between the cen-
tral area and the Gulf drainage,
while there are indications of a

" third ridge, near to and parallel

with the last, which for a certain
distance shortens up the Gulf
drainage streams, confining them
to a narrow belt, though cut itself
by the few larger rivers. An in-
spection of a properly constructed
map, showing .the railroads, will
show how little modification has
been needed in coordinating the
railway lines with the straight
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lines of the sections. The sections cut the region in three different and
opposed directions, yet all the profiles tell the same story. I shall
therefore consider myself justified in assuming that the peninsula does
exhibit a folded structure, and that there are two chief lines of eleva-
tion, and probably others, besides the minor flexures which have been
observed farther south. The distribution of the lakes and rivers of the
peninsula confirms this view, it confirmation is needed.

CENTRAL LAKE REGLON.

It would perhaps be more strictly accurate to denominate the great
syncline of the peninsula as a central trough rather thai a central lake
basin. The elevation which separates the central lake region from its
natural continuation, the Kissimmee drainage area, Lake Okeeclobee,
and the Everglades, is probably not very great. Nevertheless, there
are geological reasons for supposing that the northern area now dotted
with innumerable lakes, marshes and sinks was at one time occupied by
one or more large bodies of water, of which the existing lakes are mere
remnants.

Lake De Soto: sand knolls.—This lake or lakes, which for convenience
of reference may be called Lake De Soto, would then have occupied a
relation to the existing land much like that which Lake Okeechobee
holds to the southern part of the peniusula at present. The peculiar
sculpture of the small sandy knolls or elevations ocecupying much of
the central region, and which Shaler has compared to kames, might
have been more or less due to the movement of the waters consequent
on changes which finally resulted in the drainage of the area in question.

These knolls or hillocks appear to be more characteristic of the central
basin. On the highlands they are absent or merged into the irregulari-
ties which appear on the surface of the country rock as the result of
solution and decay. They are chiefly composed of the yellow sand, and
as a rule the irregularities of their profiles do not reflect any elevations
or depressions of the rocks below them. The sand hills, however ele-
vated or irregular, rest on a relatively level sarface of limestone, a fact
confirmed by the experience of well-drivers all over southern Florida, as
well as by the reports of the prospectors who bore for phosphates.
More investigation is necessary before the idea that the form of these
knolls is due to the action of currents of water can be regarded as
established. ,

Over a large part of northern TFlorida a striking characteristic of
the country arises from the singularly porous and incoherent character
of the limestones (especially of the Vicksburg and early Miocene age)
which form the country rock. When thisrock is Eocene it is usually of
a creamy white color, containing molluscan fossils, sometimes as com-
plete shells, but more frequently as impressions in the saccharoidal car-
bonate of lime. Mingled with them, and sometimes forming almost the
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whole body of the rock, are enormous numbers of Orbitoides mantells,
heaped loosely upon each other.

If the rock is post-Focene it is generally of less purity, containing
more aluminous matter, but still whitish and porous, thongh without the
discoid Orbitoides fossils. In either case it is easily cut when fresh,
hardens when exposed to the air, and is pervious to water. In regions
where it comes to the surface there are no small brooks and few streams.
Rain sinks into it as into dry sand; the solution of the softer portions
results in ¢sinks” or natural wells, sometimes of large size and often
with perpendicular walls. These constitute a real danger to a wan-
derer who goés aside from the beaten tracks, as their apertures, from
the size of a post hole to that of an amphitheater, are unmarked by any-
thing which would serve as a warning; they are often of great depth
and almost always contain water., The water sinks until it comes to a
more dense stratum or the sediment it carries clogs the pores of the
limestone beneath it. Then it flows in the direction of least resistance,
forming underground brooks or tolerable streams whose course may be
marked by a long line of sinks. If sawdust be thrown into one of these
it presently appears on the water in the next below, and so on. The
sinks above the stream gradually enlarge in the direction of its flow,
the intervening portions remaining as ‘natural bridges,” the number
of which is extraordinary. In other places the drainage of a limited
area runs toward a central point, where if is lost in the bowels of the
earth. When the rainfall at some seasons of the year exceeds the ca-
pacity of this passage to carry away, a shallow lake appears, of a tem-
porary nature, which is gradually drained off at drier seasons. Some-
times the funnel becomes permmanently obstructed, and the lake remains
and spreads until some new outlet appears. I have seen lands for-
merly used for growing cotton, and covering hundreds of acres,which had
become permanently flooded in this way.! Fish abound in the sinks,
and subterranean passages for their use evidently exist in profusion.

! In illustration of these remarks the following quotations about one of the largest of the temporary
lakes have an interest. The first is from the Providence Journal, September 14, 1891,

‘* A LOST LAKE.

‘A curious spectacle was to be seen on the outskirts of Gainesville, Florida, recently. Alachua
Lake, from 10 to 15 miles in length and covering some 40.000 acres of land, is no more. On its banks
were lying thousands of dead fish, dead alligators floated ghastly in pools of black water. and the

atmosphere was heavy with noxious gases. Men and boys were there in throngs with hoes and rakes,
Arngging to shore hundreds of Ssh which had sought the pools for refuge. The waters were fairly

alive with their struggles for existence. Except for a small stream known as Payne's Creek, flowing
from Newman's Lake into the Sink, the two main basins of the Sink, and a few stagnant pools, no water
is now to be seen where a few yoars ago steamers were plowing their way. Thisis the second time
since 1823 that a similar occurrence has taken place. At that time the bed of the lake was a large
prairie—Payne’s prairie—having in it a body of water called the Sink and a small creck. In 1868
heavy rains filled up the prairie, but the water disappeared after a short time and the prairie was
again dry land. In 1873, after a series of heavy rains, the Sink overfiowed and the creek swelled to
the dimensions of alake. During several years the watersincreased till a larger lake was formed, and
for fully fifteen years sufficient depth of water stood over the prairie to allow of small steamers, Dur-
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‘When the porous lime rocks are covered with the clayey layers of the
later Tertiary or the more coherent and impervious limestones of the
early Miocene, or when the process of silicification has been carried on
to such an extent as to render the upper layers of the porous lime rock
impervious, a wholly different surface topography results. Instead of
circular marshes and rows of ¢sinks” in which all the surface water is
lost, one sees brooks and rivulets with their accompanying effects upon
the landscape. It also seemed to the writer that the difference was to
some extent reflected in the appearance of the vegetation.

NORTHWESTERN FLORIDA.

At the northern part of the peninsula the topography merges into
that of the foothills of western Georgia and Alabama, or borders on the
great cypress swamps of eastern Georgia.

At the west, in the vicinity of the Appalachicola River, Mr. Burns, of
the U, 8. Geological Survey, reports finding the Miocene hills, at a point
8§ miles below Bristol, terminating in a sharp cliff or bluff over 60 feet
high, from the foot of which a flat plain extended seaward without in-
terruption. An examination of the river banks to a locality known as
Riccos bluff showed unfossiliferous horizontal beds of bright-colored
sandy clays, everywhere covered with a thin layer of white sand. This
break in the topography is a marked feature of this part of the State and
is said to extend for many miles, preserving a general parallelism with
the shores of the Gulf, and doubtless marking an ancient shore-line.

SOUTHWESTERN FLORIDA.

The shores of the Gulf of Mexico in the state of Florida north of
Punta Rasa are chiefly sandy, or, near the rivers, sometimes formed of
a chalky mud. But as far as known this stratumis usnally of no great
depth, being chiefly a superficial covering to beds of the country rock.

ing the last two years, however, tho waters have been gradually lowering, and about four weeks ago
they commenced going down with surprising rapidity, the lake falling about 8 feet in ten days, until
now nothing is left of Alachua Lake but the memory of it. The Sink is considered the cause of this
change. Thereis evidently an underground passage connected, and for some reason not understood
this underground passage has been acting as a drain until all the water in the lake has been drawn off.”

The second is taken from the Washington Evening Star of September 19, 1891:

“The Star recently printed an account of the disappearance of Alachua Lake in Florida, a lake that
was 80 well established that a steamboat lino was maintained on it. A U. 8. Geological Survey party
has been engaged at work in that region. A member of this party, Mr. Hersey Muunroe, who is now
in the city, gave an interesting account of the lake; or rather the ex-lake, to a Star reporter. *Alachua
Lake,” said Mr. Munroe, ‘ is situated in north latitude 29° 35’ and west longitude 82° 20’ in Alachua
County, Fla., and 2 miles south of Gainesville, the county seat. The lake was formerly a prairie,
known as Alachua prairie before the Seminole war during 1835-'37. It has since been named Paynes
prairie, after King Payne, an old Seminole chief of an early day. The prairie was a greats grazing spot
for the Indians’ cattle and later was used for a like purpose and for tillage by the whites, some fino
erops of corn and cotton being grown. The prairie lands are immense meadows, covered by the finest
grass, interspersed with clumps of beautiful oak trees and palmettoes. These lands are subject to in-
undation during the summer geason. Hatchet Creek rises 3 miles north of Gainesville and flows in
every direction of the compass for a digtance of 10 miles, emptying into Newwmans Lake, a beautiful
shieet of water covering 10 square mileg,
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The latter extend seaward, sometimes forming extensive oyster banks
near the shore through which navigation can be carried on only in
small boats and by troublesome and intricate channels, when away
{from the main navigable outlet of each particular stream.

The sands are derived from the silicepus contents of the country rock
and are frequently more or less bound together by the deposition of
lime held in solution, forming a sort of coquina. Much of the shore,
especially to the southand the extreme west,is defended by sandy keys
formed at the neutral line of tide and land drainage, and offering much-
needed facilities for coast navigation in small craft suited to these shal-
low waters. The sea-bottom, level as a floor to all appearances, inclines
gently to the west and south, and for miles from the beach attains only
a very moderate depth. ‘

It might have been anticipated that the detritus, especially the fine
sediment brought down by the Mississippi; would be conspicuous in
the bottomn deposits of the gulf in the direction of the prevailing cur-
rents. The soundings and samples of bottom obtained by the U. S.
Coast Survey and the Fish Commission show that this is not the case.
The terrigenous sediments (except at the immediate shore) extend east-
ward but a little way off the Floridian coast. The line indicating the
change in the bottom from mud to organic limy sediments approaches
the shore to the westward of Appalachicola, in. the vicinity of St. An-
drews Bay.? That this limitation of the fresh-water deposits is not a
modern thing is shown by the almost identical range of the Grand Gulf

beds of Hilgard on the ancient shores of the Gulf of Mexico. A reason
for it may perhaps be found in the tendency, so well known, of a saline
solution to precipitate the sediment contained in fresh water when the
two liquids are mixed. The mixture of the two fluids in the gulf may

‘HOW THE LAKE WAS FORMED.

¢Tho overflow from Newmans Lake forms alarge creek named Prairie Creek, which wended its way
through Paynes prairie to Alachua Siik, one of the curiosities of the State. There the waters found
their way into a subterranean passage. Visitors, to have their curiosity gratified by seeing what
the effect would be to have logs thrown into the sink, were the probable cause of the overflow of
Paynes prairie. The logs would fleat out to the center of the sink, whirl around in a circle and sud-
denly disappear. This choking of the outlet to the waters of Prairie Creck caused the overflow and
made a sheet of water sufticient to float small steamers and other craft.

‘One steamer in particular had a splendid freight traflic, during the vegetable season carryingship-
ments of vegetables from its wharf on Chacala pond across Alcahua Lake to the mouth of Sweetwater
bLranch, the nearest point to Gainesville, the principal place for shipment north. After the overflow
and the forming of a lake it was christened Alachua Lake. This name has been decided upon by the
United States Board on Geographic Names. Alachua Lake is 8 miles long, east and west, and in one
place 4 miles in width, north and south, covers 16,000 acres, and the average depth is from 2 to 14 feet
deep:

‘LOWERING FOR SEVERAL YEARS.

‘For several years the lake has been gradually lowering. The elevation of the water above sea
level as given by the Savannah, Florida and Western Railroad some years ago is 64 feet. By accurate
levels run by one of the topographical parties of the Geological Survey working in this section dur.
ing the winter of 1890-'91 the elevation of the water was found to be 58 feet, thus showing that the
lake had been changing elevation; and about two weeks ilgo I was informed that Alachua Lake had
disappeared entirely, that only small pools remained and the usual amount immediately around the
sink.””’ .

2Three cruises of the Blake, vol. 1. p. 286, Fig. 191,
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then be supposed to be complete at any point where all the mud has
been precipitated.

EASTERN COAST OF FLORIDA.

- On the eastern coast of Florida toward the north we find a narrow
margin composed of the coast sands, between the abrupt margin of the
country rocks and the sea, and extending under the sea eastward for a
distance from the shore in north latitude 30° ot more than 50 miles
The source of these sands is thus explained by Shaler:!

During the glacial period a very large amount of arenacecous material was con-
tributed to the sea in the region north of Cape Hatteras. The general trend of tho
shore of this part of the continent is from the northeast to the southwest, while the
prevailing direction of the wind is from the east. The result is that, so far as im-
pelled by the waves, this sand works down along the coast shelf to the southward,
Whenever it comes upon the beach and remains within control of the waves the
gonthward movement is quite rapid. A very large amount of this sand is continu-
ally pouring round Cape Florida.

Undoubtedly this view of Prof. Shaler is quite correct, except that
the operation of the forces mentioned is not necessarily postglacial.
No doubt at various times more or less of the sand has been derived
from the siliceous rocks, like the Altamaha grits orthe buhrstone, of
the Atlantic slope, all the way alongits border. Artesianborings show
that the formation of the sand, its position along the coast, and its gen-
eral character have been pretty uniformly maintained throughout the
whole of Cenozoic time; and while, no doubt, a large addition was made
to the common stock of Atlantic sands during the glacial epoch, yet
this was merely an incident in the history of operations which had been
going on ever since the Oretaceous period, or at least ever since the
Atlantic border assumed approximately its present form and trend.

On the northern part of the east coast of Iflorida the dry sandy bor-
der is quite narrow and largely consists of narrow, long islands where
the sand has been elevated into dunes which reach a height in some
cases of more than 50 feet, but which, owing to the torrential summer
rains and rapid growth of vegetation in this semitropical clime, have
generally lost the sharp wind-carved sculpture of dunes formed in a
drier climate and have become more or less covered with vegetation.
Inland the surface sands, whatever their origin, are usually much thin-
ner, often only a few feet, and I have seen records of no boring which
revealed the existence of over 20 feet of sea or white sand, while this I
suspect to be very exceptional. References have been made to much
greater depths away from the coast, but I have not seen any satisfac-
tory proof of the correctness of such estimates. The average depth in
sandy places in Alachua County seems to be between 6 and 20 feet.
These figures refer solely to the superficial siliceous sea sands and not
to the yellow sand proper or to the interbedded calcareous sands of
Tertiary age.

! Shaler, Topography of Florida, p. 149,
Bull, 84——7
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There seems to be an absence, in geological nomenclature, of a term
to indicate the region between the neutral zone where sediments are
dropped in the sea near the beach and the point where subaerial erosion
terminates. If we regard the land above the baselevel of erosion in the
light of an earth-glacier, more or less liquefied by the action of water
and discharging into the sea, the region I refer to constitutes the termi-
nal moraine.

The ¢ coastal plain,” or coast peneplain, in so far as it has reached
the base level, forms part of it; the beaches another part; the region
between the beach aud the neutral zone (generally marked by a bar or
shoal) a third part. Yet the whole has a certain unity. It is subject
to the operation of special forces which are forever at work. In the ab-
sence of great changes of level it might happen that the same region or
area might remain, so to speak, ground as between upper and nether
millstones by the erosive and marine forces for a period covering gev-
cral geologic epochs. Such instances can be cited. The grist of this
great mill is ground over and over, its waste is constantly supplied; it
may contain the relics of several periods of geologic time. The greater
portion of it will be unfossiliferous, the fossils preserved will be terres-
trial or brackish water rather than marine. It will border on the sea,
but its marine fossils where action is energetic will be rolled, worn, and
triturated, out of recognition for the most part. Here and there a lim-
ited fauna will be preserved in lagoons or on oyster banks. It will hap-
pen that the material concerned in such areas may abut on synchronous
beds containing an abundant fauna, but, owing to the lines on which
the forces work, the synchrony will often be very difficult to prove.

Yet such deposits may extend about a whole continent with recog-
nizable features derived from the forces which have been concerned in
its formation. Almost everywhere it will be composed of the débris of
other formations often lying directly upon them and containing some
of their fossils in the rehandled material. When a special area has
been subject for a short time to the forces exerted and by a change of
level has been removed from the zone referred to, a mixture of the fossil
fauna of subjacent beds will be almost certain to be included in the
resulting formation. I believe that we have on our Atlantic border
several formations widely extended and of this nature and the relations
of which, owing to the reasons above indicated, are and are likely long
to be in dispute. TFor the specific belt or margin, in which the above-
mentioned forces are active, and in whose characteristics the results of
such forces are individualized I would propose the name of perozone.!
I believe that the clearer recognition of special dynamic genesis as well
as of thecontinuityinherent in the process, apart fromimportant changes
of level, which is implied in the adoption of a special term for the result

1From peresus, worn or wasted, and zona,



pALL A} PEREZONAL FORMATIONS. 99

HARRIS.

will be useful in our geological discussions. The thing itself has always
been known, and its genesis more or less clearly understood, but its
individuality at any stated epoch has, in the absence of a special name,
not always been clearly exhibited or appreciated. The perczone will
befor the seacoast analogous to, though not ideutical with, the peneplain
of interior basins. The perezone of east Florida, so far as it is above
water, is very narrow and becomes still narrower as we go southward.
We are indebted to Prof. Shaler! for information which shows that a
living coral reef borders the shore of the peninsula as far north as
Gilbert’s bar, 12 miles above Jupiter Inlet; that a former reef probably
extended as far north as Mosquito Inlet, above Cape Canaveral, and
that from Titusville on Indian River south to the head of Biscayne
Bay an elevated beach of coquina defends the lowlands behind it.
This beach is elevated some 20 feet above its original position. It pre-
sents arsteep escarpment with indications that part of the cutting which
formed it took place during the process of elevation, sea caves and
other reentrants existing in the cliffs at a considerable Lheight above
the present plane of the sea and separated from the latter by a barrier
of drifting sands. Southward from the head of Biscayne Bay as far as
the parallel of Old Rhodes Key this reef of coquina is eontinued as an
elevated coral reef with a height at Cocoanut Grove of 22 feet and a
width of about 2 miles. To the whole barrier Prof. Shaler gives the
name of the Miami Reef. It has suffered considerable loss by corrosive
action and is honeycombed by subterranean water passages. Hesays:

The effect of this reef on the drainage of Florida is very great. Although therivers
at many points have found their way across the elevation, either by subterranean
streams or through the low points of the barrier, it serves to retain the land waters,
and to bring into the condition of swamp a large part of the peninsula. The St. Johns
River and the extensive swamps in which it heads arein good part determined by
the existence of this barrier.

In a less complete way the waters of Lake Okeechobee and of the Everglades to
the south of it are prevented from finding a path to the sea by this natural wall.
Thus, at Cocoanut Grove, Biscayne Bay, the waters of the Everglades at a distance
of only 3 miles from the shore in their time of lowest level lie 16 feet above high
- tide. In the rainy season they often rise to such an altitude that they pour over the
reef where it is less than 20 feet in height. * * * The rivers which flow over this
part of the reef come down to the sea level over a series of rapids formed upon the
harder layers of the recf, and thus the full escape of the Everglade’s waters is pre-
vented. In the region more to the north, the entanglement of the vegetation about
the head waters of the streams likewise hinders the escape of the marsh waters.?

THE EVERGLADES.

The region of the Everglades has received but little examination in
recent years. Prof. Shaler examined the southeastern margin as above
cited. Mr. Joseph Willcox in the winter of 188788 made a determined
effort to penetrate into the region with a view of determining the char-

I Topography of Florida, pp. 148-150 and map.
2Ibid:, pp. 143-144.
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acter of the rocks. Whitewater Bay lies a few miles north of Cape
Sable, and Mr. Willcox with his party, on a small craft drawing less
than 2 feet of water, made many attempts to enter it without suc-
cess, spending six days in the endeavor to find a navigable channel.
They entered several passes between the islands and penetrated 10 or
12 miles east of the latter in several places, but found the water too
shallow to proceed. Except sand bars thrown up by the waves no land
was seen in this vicinity which was not covered at high tide. All the
land consisted of muddy mangrove islands, the trees being much larger
than any seen farther north. Where the tide runs rapidly between the
islands it scours out channels 8 to 12 feet deep with a floor of hard
rock, of which it was found impossible to get specimens. Except in
these channels the bay is quite shoal, and covered with calcareous mud.
At the north end of Lostmans Key they entered the river of the
same name and succeeded in penetrating 12 or 15 miles inland. No
hard ground was seen except near the mouth of the river, and
the highest land at the latter place was not over 3 feet above high
tide. Wide, shallow bays, with muddy bottom interspersed with low,
muddy mangrove islets comprised the whole scenery. The boat fre-
quently grounded and was obliged to wait for the rise of the tide. A
small fresh-water stream was finally reached, the current of which
had scoured a channel 4 to 6 feet deep, with a rough, hard rock
bottom, fragments or which were broken off. It consisted of large
masses of Polyzoa more or less completely changed into crystalline
limestone, the cavities filled with crystals of cale-spar. The rock is
very hard and compact. The only mollusk or other organic matter,
except the Polyzoans, which was discoverable in it was a single valve
of the Chione cancellata, which is still found living in those waters and
has existed there without perceptible variationsince the early Miocene.
Four or five miles within the margin of the Everglades no dry land
was seen; only soft, wet soil, none of it a foot above the level of the
water. From the top of a tree nothing could be seen to the east but a
vast extent of such marsh land, which is said to be covered with water
during the rainy season of summer and early autwmn. Lostmans
River is sometimes mapped as the Chittahatchee, and it enters the sea
behind the Ten Thousand Islands in north latitude about 250 30/,
Allens Creek, emptying into Walaka Inlet, an arm of Chukoliska
Bay, was also visited. At a point 8 or 10 miles east from the Gulf of
Mexico the party were able to land on soft, wet soil a little higher and
drier thap that at the head of Lostmans River. A third of a mile
eastward from the head of the creek specimens were obtained of a few
rocks which project above the soil. They presented molds of recent
shells with the interior filed with calc-spar, and an occasional Pecten
dislocatus or Ostrea virginica still retaining its shell structure. The
cavities between the shells were filled with hard, coarsely crystalline
limestone. The rock was not coquina modified, but looked more like a
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fossilized oyster reef. It contained no corals, and was obviously Pleis-
tocene. The rock tormed the base of smallisletsof drier soil amid the
marsh, on which islets grew pine trees. The marsh, apart from these
islets, is probably entirely submerged in the rainy season.

Another attempt was made to reach the interior by Corkscrew Creek,
about 15 miles southeast from Punta Rasa. About 8 to 10 miles from
the gulf was attained. The banks of this creek are dry pine land, ris-
ing 8 or 10 feet above the sea. The rocks here are the hard, ringing
Tolian limestone, with recent land shells, perhaps a local equivalent of
the yellow sand, such rocks as are found on both sides of the penin-
sula in many places and are of extremely recent origin.

The observations of Mr. Willcox thus appear to indicate, which in-
deed the known circamstances would have led us to expect, that no
coral reefs have occupied this region. The outpouring of fresh water
and mud must have rendered the region unsuitable for such animals,
probably for a very long period, perhaps since the Gulf stream Las
occupied its present channel.

The deposit upon which the Everglades immediately rest, in this part
at all events, is a recent organic limestone probably based on the Ter-
tiary rocks which, farther north, are elevated above the sea. For it we
may provisionally adopt the name of the Everglades limestone.

THE KEYS.

Of the structure of the keys, which has been exhaustively treated
by Agassiz, it does not seem necessary to speak in this place. It may,
however, be pointed out that much of the limy deposit of the area
behind the reefs and defended by them is probably the result of the
deposition of lime originally held in solution and precipitated by ehemi-
cal action rather than of mechanically transported sediment.

It may be added that the large rivers represented on most maps as
flowing out of the Everglades to the southwest have no existence in
fact, as such. The streams in the dry season are all small, and most ot
the outflow seems to be over the whole surface, which, during the rainy
season, near the seais totally submerged.

STRATIGRAPHY OF FLORIDA,

EOCENE ROCKS.

Vicksburg group: The Orbitoides limestone.—~It has already been ex-
plained that the foundation of the peninsula, as far as known, is laid in
a limestone belonging to the Vicksburg epoch, which, for uniformity
and brevity, will be referred to here as the Orbitoides limestone, from
the characteristic Orbitoides mantelli, which is found throughout the
formation, associated with a variety of other foraminifera, Pecten per-
planus Morton and P. poulsoni, as the wost obvious and abundant fos-
sils. The older name, Orbitolite limestone, by changes in nomencla-
ture of the foraminifera has now become misleading.
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Over a large part of the northern central portion of Florida the Or-
bitoides limestone forms the country rock, often rising to the surface or
lightly covered with a thin coating of wind-blown sand or sandy soil.
Its exact extent is not determinable at present, owing to the fact that
it has been more or less confounded with later rocks of similar appear-
ance and lithologic character but containing a different fauna. It varies
in character, much of it as previously described, being loose and friable
in texture when first excavated, porous and pervious to water. Other
. portions are much infiltrated with silex, which is deposited in smaller or
larger masses or which is calculated to render a considerable portion of
the rock cherty and extremely hard; others again contain a certain pro-
portion of clay, as the Lake Worth borings show, therock thenbeing com-
pact and impervious. As early as 1849 this rock was observed by Prof.
J. W. Bailey, U. 8. Army, who noted its character in several publica-
tions.! Ie found it in diggings from a well at Piles, a settlement 40
miles west of Palatka, on the road to Tampa, and noticed it at several
points intervening between Palatka and Tampa. It hias been noted by
Prof.Eugene A.Smith ? in Jackson County, in the northwest; alsofarther
cast, under a thin coating of Miocene deposits, at Live Oak (109 feet above
tide), and possibly at Lake City (202 feet) the highest elevation on this
line in northern Florida, whence it is believed to extend southward in
the interior of the Stute to a point near the Hillsboro river not far from
Richland, Pasco County.

The opinion of the older geologists that the country rock of the
peninsula of Florida is essentially a southward prolongation of the
Eocene limestone of Georgia was for a time obscured by the theories
of coralligenous growth suggested by the observations of Agassiz and
Le Conte on the keys and the extreme southeastern margin of the
peninsula. To Smith in the paper above cited we are indebted for a
substantial rehabilitation of the older theory, with modifications due
to greater knowledge. But later observations again oblige us to modify
to some extent the range assigned by Smith to this limestone, as it has
become evident from the observations of Langdon, Heilprin, Willcox,
Dall, Aldrich, Neal, Stanton, and others that beds of several distinct
ages have been confounded in the general estimate. It isimpracticable
with<the data yet printed to determine exactly at how many of Smith’s
localities the country rock belongs to the Orbitoides horizon. Some of
them, doubtless, will eventually be shown to be of later age, as will be
indicated later in this summary. Ounly those where no doubt seems to
exist will be specified here. In Alachua County it is widespread, hav-
ing been observed by Smith and Dall at Gainesville and westward to
and about Archer, though in many places overlain by solutionary resi-
duum, remnants or even beds of later age but moderate thickness. It

1 Smithsonian Contr. Knowl,, 1850, vol. 2, No. 8, p. 19; Am. Jour. Sci., 2d ser., 1851, vol.2,p. 86. He
speaks of it as the ‘* white Orbitulite limestone.”
2 Am. Jour. Sci., 3d ser., 1881, vol. 21, pp. 299, 300.
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had been identified at Silver Spring, 6 miles east from Ocala, by Le
Conte, as early as 1861,' and subsequently the observation has been
confirmed by Smith. Specimens of this rock have been collected by
Willeox at Martin station, Marion County, about; 8 miles north of Ocala,
where the rock is very cherty; and at Jarves’s Spring, on the southern
border of Pasco County; at Fort Foster, on the North fork of the ITills-
boro River, where, as in many other places, relics of the old Miocene
beds overlie it. Several of the localities referred to by Heilprin must
remain for the present on the doubtful list, but among them should
hardly be counted the islet at the mouth of the Homosassa River, from
which Mr. Willcox obtained the Pygorhynchus (Ravenelia) gouldis
Bouvé, a small echinoderm originally desecribed from the buhrstone
(ante-Claibornian) of Georgia. If the identification be correct, which
I do not doubt, one would hardly expect this species to appear in the
so-called “Oligocene.”

The thickness of this formation is very considerable in Florida. At
Salt Mountain, in Alabama, excluding the still doubtful ¢ coral-lime-
stone” of Smith and Johnson and the “Jackson” beds below the Or-
bitoides limestone, the latter has a thickness of only 140 feet. Butin
northern Florida, west of Gainesville, according to reports from L. C.
Johuson, artesian borings have started at the surface in the “Vicks-
burg,” and have been drilled over 350 feet without finding any other
rock or reaching the clayey layer of the Orbitoides rock (which is im-
pervious) so as to obtain any water. On the eastern side of the penin-
sula, much farther south, at Lake Worth, an artesian well, after pass-
ing through a mass of talus in which the recent coquina was sometimes
overlain by Miocene rubbish, ete., finally reached the solid Orbitoides
rock at a depth of 1,000 feet, and penetrated it without finding any
change for 212 feet, when, abundance of water having been obtained,
the drilling was pushed no farther. In the Jacksonville well, though
carried to a depth of 900 feet, the Eocene rocks were not recognized and
perhaps not reached, offering a strong contrast to the well at Charles-
ton, where they were encountered at a depth of 60 feet and penetrated
for o depth of 330 feet before the Mesozoic strata, were attained. At
St. Augustine, south-southeast from Jacksonville, the Vicksburg lime-
stone was encountered at a depth of 212 feet, and the boring was still
in them when it ceased at about 1,278 feet.

Nummaditic beds, Ocala limestone (Oligocene of Heilprin).—Among the
rocks which until recently were not discriminated from the Orbitoides
limestone, and which appear in central Florida directly and conformably
to overlie the latter, though no one has described their contact, is
~ a yellowish friable rock containing many foraminifera, conspicuous
among which are two species of Numulites, N. willcoxit and N. flori-
dana Hp. This rock was first brought to notice by Mr. Joseph Willcox,
and to Prof. Heilprin we owe a description of it which diseriminates

1 Am. Jour. Sci., 24 ser., 1861, vol. 21, pp. 1-12.
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between it and the Vicksburg or Orbitoides rock. The rock was early
recognized as Focene, though not discrimminated from the earlier beds.
It is best displayed at Ocala, Florida, where it forms the country rock,
and has been quarried to a depth of 20 feet without coming to the bot-
tom of the beds.

Dr. John Le Conte, in 1861,! speaking of the portion of the peninsula
about Ocala, says that it is ¢ composed of a mixture of sand and shell
limestone, probably of Eocene age.” TFour yearslater Conrad® refers to
some fossils from the Ocala limestone received by Prof. Cook of New
Jersey. He specifies Globulus (Natica) alveatus, Venericardia prima and
Dosiniopsis alta as belonging to the Eocene of California, Maryland, and
New Jersey, and refers the formation to the epoch of the New Jersey
Shark River Eocene marls. Mr. Willcox has since visited the quarry
at Ocala and rediscovered some of these species, as well as Aturia ala-
bamensis and a number of other Eocene species, most of which are com-
mon to the Vicksburg limestone as far as identified, and others to
Lower Miocene rocks, such as those of Tampa and the Chipola beds.

The original discovery of the Nummulitic stratum, by means of which
it was diseriminated from adjacent beds, was made by Mr. Willeox at a
clearing known as Loenecker’s, on the Cheehowiska or Chassahowitska
River, where it occurs in fragments more or less enveloped in a Pleisto-
cene sand rock containing recent land and fresh water shells. Since
then Mr. Willecox has obtained the rock in place 15 miles northeast of
the original locality, from the shore of Waccassee Bay, near Cedar Key,
and also from the banks of the Wacassassa River, Levy County; from a
“sinkhole” at Pemberton’s Ferry on the Withlacoochee River, about 10
miles eastward from Brookville, and also at Bayport, Hernando County,
and at various places about Ocala. Prof. Wetherby has also sent speci-
mens from a well 5 miles southwest of Gainesville, Alachua County, and
Mr. L. C. Johnson reports it from an old Confederate iron furnace 3
miles northwest of Levyville, Levy County’, where it is only 20 feet thick,
and is covered with a bed of bog-iron ore formerly worked. Pember-
tow’s Ferry is the most southern point at which it has been recognized at
the surface, but at Bartow, Polk County, it occurs covered by about 6
“feet of later strata. .

Miliolite limestone.—A rock observed on the Homosassa River by
Prof. Heilprin is practically horizontal and rises 2 or 3 feet above the
water at low stages of the water, on the left bank of the Homosassa at
“Wheelers” about 1 mile above the river mouth. It has also been
collected by Neal 6 miles sonthwest from Lake City. It is a tough
limestone, full of foraminifera, mostly belonging to the Miliolide, for
which Prof. Heilprin proposes the name of Miliolite limestone. Its
distinctness from the other foraminiferal limestones of this region is
hardly established as yet.

' Am. Jour. Sei., 2nd ser., vol. 31, p. 11.
2 Proc. Acad. Nat. Sci. Phila. for 1865, p. 184,
3SK. 3 Sec. 28, T.11 S., R.15 E.
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From what precedes it will be noted that the Nummulitic beds occupy,
as far as known, a very limited area from the vicinity of Gainesville
on the north to Pemberton’s Ferry on the south, extending from Ocala
westward nearly but not quite to tide water. These rocks, Nummu-
litie, Miliolite, etc., as regards most of their fossil contents are hardly
to be separated from the Orbitoides limestone and must certainly be
regarded as forming part of the Vicksburg group.

The layer of siliceous foraminiferal Eocene, overlying the typical Orbi-
toides limestone, which has been recognized by Burns in Pulaski
County, Georgia, at Hawkinsville, and southeastward across the re-
mainder of the local Eocene belt; and by Dr. Neal in a similar situation
at White Springs, on the Suwanee, in Hamilton County, Florida, is with
little doubt the analogue and representative in these localities of the
Nummulitic and Miliolitic areas of central Florida.

It may be added that vertebrate remains belonging to the cetacean
genus Zeuglodon, or, possibly, to Squalodon, were discovered by Mr.
Willeox in the Nummulitic rock of the Ocala quarry, thus adding an-
other indication of the close faunal relations of the Nummulitic with
the preceding post-Claiborne beds.

There is little doubt of the correctness of Prof. Heilprin’s contention
that these rocks are the analogue of the so-called Oligocene of the West
Indies and of northern Burope. But, while this may be admitted, the
propriety of regarding the group or series as constituting a distinet
epoch, equivalent to or analogous in value to the Eocene, Miocene, or
Pliocene epochs, which would be inferentially granted by adopting for
them the term Oligocene, is a very different matter, and in Florida re-
ceives no justification from the paleontological evidence.

From Dr. J. C. Neal, of Lake City, Florida, we have specimens of the
uppermostrock stratum at Branford, on the Suwanee. It is interesting
as being of a character not common in Florida, namely, an extremely
fine grained, pulverulent sandstone, apparently chiefly composed of
particles of organic silica in a state of very feeble cohesion. It contains
impressions of very numerous foraminifera and of a small Pecten, per-
haps P. perplanus Morton, and should probably be referred to the
horizon of the Ocala limestone or Nummulitic beds, though of a differ-
ent lithological character from the beds of that age hitherto known.

In the foregoing brief account of the Floridian Eocene the writer
may, perhaps, somewhat have overstepped the limits assigned to him,
But, for a clear understanding of the Neocene series in this region it
seemed necessary to do this, and the recapitulation of matters else-
where treated of by Prof. Clark, will have done no harm, while its
presentation in this counection seemed indispensable,

MIOCENE ROCKS.

Chattahoochee group: Ocheesee beds.—The Miocene rocks of Florida
present, lithologically and petrographically, a series entirely analogous
to the calcareous, siliceous, ferruginous, phosphatic, and clayey beds of
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the Eocene, but with a greater variety of strata in the same thickness.
This indicates less uniform conditions and probably more numerous
changes of level. In this respect the Miocene of Ilorida presents a
contrast to that of the Antilles, where, according to Cleve,! the Miocene
was a period of ealm, regular deposition, without notable orographic
disturbances, though such disturbances have left distinct traces in the
Eocene strata and were again experienced in post-Miocene time.

Another feature which is noteworthy, even with our present imperfect
knowledge, is the restricted area of many particular beds, which in
some sections attain a considerable thickness, while other sections,
without indicating uncomformities, show no traces of these special
strata.

In 1887 Langdon? observed a group of beds on the Chattahoochee
River overlying the Orbitoides limestone at a point 9 miles above
River Junction, or Chattahoochee, and traced it southward by the
river to Ocheesee and Rock Bluff, 17 miles below the railroad bridge at
River Junction, where it dips below the Miocene beds, which are ex-
posed at Alum Bluff, 8 miles farther down the river. At Ocheesee
there were visible above the water 5 feet of creamy white granular
limestone with obscure fossil corals, surmounted by 10 feet of greenish
yellow unfossiliferous argillaceous limestone. At Rock Bluff 30 feet of
limestone, in strata of varying purity, are exposed. These limestones
are slightly phosphatic, and by disintegration afford a rich black loam
characterized by the growth of Torregia taxifolia, the so-called ¢ stink-
ing cedar.” The beds as a whole are more siliceous and argillaceous
than those of the Orbitoides limestone, and were estimated by Langdon
to have a total thickness of 250 feet, who referred them to the new-
est member of the Focene or the oldest of the Miocene, under the name
of the ¢ Chattahoochee group.” The same rocks were observed by Mr.
Burns, of the U. 8, Geological Survey, in the adjacent portion of Decatur
County, Georgia; at a locality on the railroad 3 miles east of the bridge
over the Chattahoochee River, Florida;® and below the Chipola marl,
near Baileys Ferry, Chipola River, westward from Alum Bluff, Lang. °
don obtained from these beds a large Pecten and an oyster resembling
the recent Ostrea virginica. Burns, at the locality mentioned, obtained
a small namber of fossils, among which were 22 species identifiable
with those of the Tampa Miocene, including Pyrazisinus cornutus,
Cerithium hillsboroensis, Potamides tramsecta, Conus planiceps, Natica
amphora, Lucing hillsboroensis, Cardita serricosta, Venus staminea, V.
cancellata, V. penita, Cytherea nuciformis, Cyrena vesica, and Orbitolites
floridanus. Three or four other species were identical, or probably
so0, with Chipola species and two were not known, a Tagelus and Solen.

There were also obscure corals and one Fchinus. The condition of

1A gassiz, Three Cruises of the Blake, vol.1, p.109; and Kong. Svenska Vetensk. Akad. Handl., 1871,
BA. ix, No. 12.

2Am. Jour, Sci., 3d ser., 1889, vol. 38, p. 324.

8 Here his collection was made.
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these fossils is poor, but they are sufficiently identifiable in all the cases
above specified to speak with coufidence, and in most of them with cer-
tainty.

From the general trend of this limestone, its considerable thickness
on the Chattahoochee and Appalachicola rivers, and its numerous sink-
holes, ponds, and natural bridges about the Chipola River, it (and not
the Orbitoides limestone, as was supposed by Smith and others) is
doubtless the country rock over a considerable part of northwestern
Florida. .

In the vicinity of Tampa, especially in the rock forming ¢ the bed of
the Hillsboro River,” Heilprin, in 1886, discovered Cerithium hillsboroen-
sis in large numbers.! This rock is variable in character, but all the
specimens I have seen of it are friable and of a creamy yellow, or even
somewhat ferruginous tint. The mass originally collected by Heilprin,
which I have examined, is chiefly filled with the molds of this Cer-
ithium. Specimens subsequently obtained from Magbeys Springs and
submitted to me by Mr. Willcox, and others personally collected, unde-
niably belong to the Tampa limestone, though most of its fossils are
identical with some of those above cited as collected by Burns from the
Chattahoochee limestone. Although no one has yet established the
existence of a Miocene rock under the Tampa silex beds or described
their contact, yet there can be little doubt that such a rock should
underlie the Orthaulax bed (by which name, for clearness, I shall here-
after denominate the Ballast Point silex bed proper) at Tampa, just as
the Chattahoochee limestones underlie the Chipola marl at Aliim Bluff,
In other words, the equivalence of such a rock, if it exists, with the fos-
siliferous stratum of the Chattahoochee group from which Burns ob-
tained his fossils must be conceded, as well as the reference of both to
an older horizon than the Orthaulax bed, which is thereby implied.
Thus the truly Miocene character of the Chattahoochee group is estab-
lished.

But these beds do not everywhere represent the lowest member of
the Miocene system. Of the artesian boring at Tampa, which would
have given us the succession and thickness of the rock, unfortunately
no data are preserved. @

Hawthorne beds.—From the unpublished reports of L. C. Johnson, of
the U.S. Geological Survey,itis gathered that in the interior a dlﬂerent
or rather a more comprehensive succession of beds is the rule. In1885
the writer was able to confirm by personal observation in Alachua

' The account given by Heilprin is extremely obscure. He speaks of the ** hard siliccous blue rock,
charged with Cerithium,” which appears at Ballast Point and along the banks of the river. But the
hard blue rock of the silex beds does not contain C. hillsboroensis; the spocies with which it is charged
is Prof. Heilprin's Pyrazisinus campaenulatus. and the rock from which he described and figured his
C. hillsboroensis (as is evident on an examination of the specimen) is neither * hard ' nor ** blue,”
though in places the bed is, like nearly all the Floridian limestones, more or less pefmented with silex.
In Heilprin's Cerithium rock, which is probably a phase of the Tampa limestone, the shells are repre.
sented by molds. In the silex bed proper they are represented by siliceous psendomorphs, among
which five years’ work of a half a dozen good collectors has so far revealed not a single specimen of 0,
hillsboroensis.
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‘County the presence of beds of phosphatic rock, more or less broken
up and inclosed in a younger matrix overlying the Vicksburg limestone
at the “Devil’s Millhopper,” near Gainesville, and afterward to observe
remunants of the rock in place on the hilltops near Archer and Arre.
dondo, as well as the presence on top of the Orbitoides limestone, where
the latter formed the surface of numerous silicified pseudomorphs and
fragments of fossils belonging to the phosphatic rock above mentioned.
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F16. 21.—Sections in Central Florida, illustrative of Hawthorne beds. A, Nigger Sink; B, New-
nansville well; C, Sullivan’s hammock. 1, surface sand and loam; 2, phosphate rock; 3, soft sand-
stone; 4, ferruginous gravel; 5, sand or sandstone; 6, greenish yellow clay; 6a unexposed; 7, Vicks-
burg rock.

The latter at the time of my visit was being quarried and ground up
as a fertilizer at Hawthorne, where the beds have a considerable thick-
ness, For this reason I referred to these beds in my unpublished re-
port as the “Hawthorne beds,” and to the chief facts of their occurrence
in a paper read before the National Academy of Sciences in 1887.!
This name will therefore be adopted here for convenience in reference
to the beds about to be described. Johnson has obtained several clear
sections illustrating these beds, which are here graphically reproduced.

1 Am. Jour. Sci., 3d ser., 1887, vol. 34, p. 164.
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Mr. Johnson finds that the greater part of the phosphatic deposit at
the Devil’s Millhopper and to some extent at Hawthorne has been
washed away and the rest more or less broken up. A natural sink in
the midst of the phosphatic area, Downing’s field, near the Natural
Bridge of the Santa Fe River, Alachua County (Sec.18,T. 7 S, R. 18 E.),
affords a good section (A). This place is locally known as ¢ Nigger
sink,” and the Vicksburg limestone has been reached by a well hole in the
center of it. Above the well the lower 10 feet of the wall of the sink is
hidden by talus, but is believed to be clay of a greenish yellow color, 30
feet of which rises above the talus, covered by a four-foot layer of firm,
hard sand, almost a sandstone, and this by a sandy ferruginous layer
of clay and gravel containing an oyster, like 0. virginica, reproducod
in chaleedony. This ferruginous layer, which will be referred to here
under the term ferruginous gravel, seems to appear in many different
sections, with its oyster and silicified corals. It also occurs in Georgia.
Above it is a layer 2 feet thick of soft sandstone resembling the phos-
phatic rock in appearance. Covering thisis a bed of sand and clay 8
feet thick containing fragments of all sizes, from a few pounds to a ton
in weight, of the phosphatic rock and its large, silicified coral heads.
These last, when they appear on the surface as around Archer, from the
solution of the phosphatic matrix are popularly known as ¢fossil
stumps” or ‘“nigger heads.” They are large masses of chert or chal-
cedony, often hollow, retaining on the surface more or less obscure indi-
cations of the original coral structure. Above this stratum come the
surface sand and loam, here about 20 feet thick.

At a well near Newnansville (section B) another section was obtained
by Mr. Johnson. Here 70 feet of the greenish clay overlies the Vicks-
burg rock, but otherwise this resembles section A, except in the follow-
ing particulars: The ferruginous bed is only 2 feet thick, and 3 feet
above it comes a bed 8 to 20 feet thick of solid phosphatic rock in place,
with but little alluvium over it. For some distance north and east of
the well this rock forms the surface of the hill. At Sullivan’s ham-
mock (Section C), 5 miles east of Mixons, in the same region, the cherty
Vicksburg rock mixed with clay seems to begin immediately under the
ferruginous stratum, which is surmounted by the phosphatic rock cov-
ered under a moderate depth of loam. Near Archer the phoshatic rock
remains here and there on the hilltops as remnants, directly on the Orbi-
toides limestone, the greater portion having been dissolved away byrain
and percolating water, as is also the case in Decatur County, Georgia.
A similar rock with the characteristic coral heads occurs near Pasco
County near the point where the South Florida Railway ocrosses the
the North fork of the Hillsboro River, and also 1% miles northeast
from Jarve’s Spring, in the same vicinity. At De Leon Springs, on the
St. Johns River near Lake Helen, Volusia County, Mr. T. H. Aldrich re-
ports a bed of well preserved Chipola fossils overlying phosphatic rock
doubtless of this same horizon. The water table reached by the arte-
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sian borings near Lake Worth at a depth of about 900 feet—which 100
feet below gives place to the Orbitoides limestone—is probably formed
by the impervious clays, gravel, and phosphatic rock of this group of
beds, which here and in other places is covered by beds of pervious
sand.

A ferruginous bed, with oysters, directly overlies the Nummulitic bed
near Levyville, Levy County. At Magnesia Springs, near Hawthorne,
the water comes out from under the phosphatic rock and brings with it
numerous specimens of the silicified oysters which lie in the mud at the
bottom of the springs. Specimens have also been received by the U. S.
Geological Survey from Live Oak, Suwanee County, and Lake City,
Columbia County, in the northern part of the state, where, according
to Johmson, the same phosphatic rock occurs. This information has
been confirmed by specimens subsequently forwarded by Mr. Stanton
and Dr. J. C. Neal, of the Florida experiment station at Lake City.
‘We are indebted to Dr. Neal, for data showing the character of the Mio-
cene deposits in that vicinity, and along the Suwanee River between
Hamilton and Columbia counties.

At White Springs on the Suwanee the following section was ob-
tained :

Feet.
1. Gray soil, sand,and humus ... ... . .. L ...l 2
II. White 8and. oo e i e i e 4
III. Clay with silicified corals and oyster (Hawthorne beds) ............ ... G-8
IV. Indurated clayey rock (Hawthorne beds®) .. ... ... . ... . ... ...... 2
V. Clayey sand-rock, rather fine grained and soft ...._.... ... ... . ... 4
VI. The same, somewhat coarser and harder............. ... ... ...... 8-10
VII. Sand rock of coarser sharp grains, coated and cemented together with
white limy matter ....... ... i 4-6

VIII. Foraminiferal Eocene top-rock (Vicksburg) indefinitely below.

The silicified corals of bed I1II are sometimes 20-60 pounds in weight
and along the river when dislodged from the clay often wear immense
pot holes in the softer lime rocks. Miocene sharks’ teeth and fragments
of bone also occur in the clay. Under bed virr, when it is tilted up, as
occurs in various places along the river, is found the older Orbitoides
limestone of the Vicksburg group.

In a sink 4 miles north of Lake City the following sectlon was ob-

served:

Fect:

L II. Sand and sandy 80il ... oo ool 5

IV. Indurated clayeyrocK...cueoomeen e e 2

VII. Lime cemented sand-rock ......cooeeaoii i 8
VIII. Foraminiferal Eocene (indefinitely down).

Two miles south of Lake City:

Feet.

I Sandy 801l e enn o e ettt e 2

III. Clay, with corals and oysters. ... . ... ...l iiiiai i, 20

VII. Lime cemented sand-rock ........... ..o oot iiiiiiiiiiiiiii e, 3

VIII. Foraminiferal Eocene (indefinitely below),
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Neur the southern boundary of Columbia County, at Fort White, the
rocks are gently folded and the surface has been more or less worn into
basins containing phosphatic breccia of the older lime rocks, which are
themselves under these basing of phosphate slightly phosphatized in
their upper portions. Here, owing to the fact that the Miocene and
Foraminiferal ocene (Miliolite) beds have been more or less broken up
by the action of water dissolving or wearing away the softer parts, the
Orbitoides limestone sometiines immediately underlies the breccia in the
basins and in other places the basins are composed of the Miliolite lime-
stone. Beds vi, vii, and viIr, of the above series are more or less
silicified, or when broken up the resulting breccia contains numerous
angular fragments of chert.

The Suwanee strait.—The argillaccous deposits which are comprised
in the Hawthorne beds appcar to have been laid down toward the south-
ern margin or the Suwanee strait, which separated the continental bor-
der from the Eocene and Miocene islands representing Florida at that
epoch. TFarther to the north and west the rocks indicate ¢eeper water,
contain less clay, and have a much more abundant and characteristic
01d Miocene fauna. The data which have conclusively shown this were
obtained by Mr. T. W. Stanton, of the U. S. Geological Survey, since
much of this paper was in manuscript, and are detailed at another
place. The northern border of the strait appears to have been the site
of deposition of a different, more siliceous material, which resulted in
the formation of the beds elsewhere referred to as the Altamaha grits
of Georgia.

Old Miocene phosphatic deposits—These rocks were among those
referred by Johnson to his Waldb formation,’ though the typical expos-
ure at Waldo belongs to the newer or Chesapeake Miocene.

There is no doubt that the sources of phosphoric acid, through the
existence of which the phosphatic rocks of Florida were made possible,
were not confined to any one epoch. Rocks of unmistakably recent
(Pleistocene) origin, containing sometimes remains of man, often reveal
perceptible quantities of phosphoric acid on analysis. On the other
hand, the leaching process to which the rocks are subjected from the
semitropical rainfall has carried the precious substance into the Eocene
limestones when they were adjacent and of a nature to absorb and re-
tain it. Mr. Darton has collected unmistakable Orbitoides rock, which
is mined for fertilizer and presents a large percentage of phosphoric
acid, while much of the richest phosphate rock is of Pliocene age.

But when all these allowances are made the fact remains that certain
lower Miocene strata below the Chipola beds, though not the richest in
phosphoric acid, yet, as far as known, are more generally phosphatia
than any other single group of rocks in the state, and that this condi-
tion is to some extent characteristic of them.? The following table will

1 Am. Jour. Sci., 3d series, 1888, vol. 36, p. 234.
2 Cf. George W. Hawes on a phosphatic sapdstone from Hawthorn, in Florida. Proc. U. 8. Nat.
Mus. for 1882, pp. 46-48,
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exhibit our understanding of the relations of the different beds con-
sidered as a whole, up to the base of the Chipola beds.

( Cerithium rock (Tampa)?.
Ochecesee beds .. .. .. { Chattahoochee limestone.
Miocene, Chattahoochee group. . gﬁ‘gifl; ];‘Z;gléjﬁist‘énd-s'
Hawthorne beds.... { Ferruginous gravel.
Greenish clays.
* AT
Nummulitic beds ... gé;ﬁ‘;}ﬁg;:ggg?ne‘
Coral limestone (Salt hill) %,

Eocene, Vicksburg group ....... Vicksburg beds ... {0 rbitoides limestons

Vicksburg).
‘White limestone (Jackson).

\

It is of course understood that these beds are never all present in
any one section,and when their respective faunas become known parts
of some of them will perhaps be found to overlap. While much of the
fauna of the upper beds of the Chattahoochee group survives into later
strata, and no marked unconformity has been shown to exist at the
base of the Chipola, yet the lithologic and faunal differences appear
sufficiently Well marked to retain, at least for the present, the Chipola
beds in a group by themselves.

Tampa group: Tampa, Chipola, and Alum Bluff beds.—Tampa Bay
was the theater of the earliest identification of Miocene rocks in Flor-
ida, those of Conrad !in 1846. In the same year and journal in which
Conrad’s account was made public Prof. John H. Allen ? briefly but ac-
curately characterizes the rocks of the region about Tampa City, dis-
criminating the siliceous rock (Orthaulax bed) and the Tampa limestone,
and assigning them to their true relative situation, stratigraphically.
His account in this particular is bettgr than Conrad’s and more clear
and correct than anything since published, previous to the investiga-
tions of the U. S. Geological Survey in 1887. But, like others who
have made brief explorations in Florida up to a recent period, he did
not discriminate between the lithologically similar surface limestones
of Florida elsewhere, and his observations are accurate only for the
region above mentioned.

The Miocene rocks of Florida above those forming the Chattalioochee
group and below the upper fossiliferous bed at Alum Bluff, I include
in the group, which from their oldest known typical exposure, I name
the Tampa group. This may be divided into three sets of beds, the
Chipola beds (including the Sopchoppy limestone, the Orthaulax bed,
Bailey’s ‘“infusorial earth,” the White Beach sand rock, and the
Chipola marl or lower bed at Alum Bluff); the Tampa beds (including
the Tampa limestone) and the Alum Bluff beds, or unfossiliferous sand
and clay strata intervening between the Chipola marl and the upper
fossiliferous bed at Alum Bluff. The latter belongs to the Upper
Miocene, or Chesapeake group, similar to that of South Carolina, and
the later beds of North Carolina, Virginia, and Maryland.

' Am. Jour. Sci., 2d ser., 1846, vol, 2, pp- 36—48§ 399-400.
2Ibid., vol. 1, pp. 38-42.
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The following sections will illustrate the succession as observed at
different localities:

Aluwm Bluff. Tampa. Manatee River.

Yellow unfoss. sand, 70 | White sand, 6 to 24inches. | White sand, (?)

feet. Yellow sand, 6to36inches. | Yellow sand, (%)
Lignitic sand, 10 feet. Pliocene breccia, traces. )
Ecphora bed, 30 feet. Tampa limestone, 10 to 15 | Ecphora bed, 24 to 36
Alum Bluff beds, 15 feet. feet. inches.
Marl (Chipela), 5 feet. Orthaulax bed, 6 to 10 | Orthaulax bed, (%)
Chattahoocheelimestone(#)| feet.

" At Ballast Point, Tampa, while repeating the researches of Conrad
and others, the following notes were taken by the writer in the winter
of 1886-1887: ! ‘ :

The Orthaulax bed.—The rock rises but a few feet above the heach.
Two layers may be distinguished, especially by their fossils, for tho
rocks are so broken up that the superposition of the newer layer here
is less clear than I found it fartherinland. The older rock is composed
of a limestone, which in some places is so impregnated with silex as to
form an almost pure flint; and at other spots retains its limy char-
acter, or is decomposed into a marl of peculiar tenacity. In many
places the marl oceurs in pockets surrounded by or covered with chert.
In other spots it forms the greater part of the bank, and in this condi-
tion was termed by Bailey ¢ infusorial carth;” but, however different
in character, the chert and marl are merely parts of onc stratum which
hasbeen subjected to different chemical processes inits different parts,
and not to two strata or beds. In the chert the fossils, of which the
rock is full, have disappeared, leaving cavities from which their forms
may be reproduced by molding in gutta-percha. In the marl they
have also disappeared, but in favorable spots the smaller oncs are rep-
resented by more or less perfect pseudomorphs of subtranslucent silex,
reproducing every detail of the original shell. The larger ones, such
as heads of coral, retain their outward form, but are usually mere shells
with an interior of botryoidal chalcedony, often of great beauty. The
fauna of this bed has been elucidated by Heilprin and to some extent
by the writer. It ischaracterized especially among other things by the
presence of the singular Stromboid genus Orthaulaz, for which reason
I have called it the Orthaulax bed. The more usual expression “Tampa
silex bed,” owing to the presence of silex in other beds of different age
near Tampa, is less explicit and desirable. -

This stratum was also recognized by Conrad? in the bed of a rivulet
a few miles up the Manatee River, “near the shore of a creek having a
very narrow entrance, but which widens above, and about 1§ miles up
contracts again, then expands into a beautiful basin with tables of
rock bordering the shore. * * * Above this is a buff-colored lime-

1 Am. Jour. Sci., 3d ser., 1887, vol. 34, pp. 165, 166,
2 Ibid., 2d. ser., 1816, vol. 2, p. 45.

Bull. 84——8
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stone without organic remains, about 1 foot thick. This spot is the
limit of tide water.” He also traced the same rock to the rapids or
falls of the Hillsboro River about 9 miles above its mouth, as Allen
also did, as well as later explorers. This locality is 14 miles or so
northward and eastward from Ballast Point and Mr. Burns has col-
lected the silicified fossils at various intermediate points along the bay
shore. I found the same rock and fossils on Six Mile Creek at the head
of navigation, near Orient station, about 6 miles to the eastward of
Tampa, on the South Florida Railway. At Ballast Point the fossils are
‘chiefly marine, but there is a certain admixture of land shells which be-
comes more pronounced toward the top of the bed, indicating a grad-
ual increase of the adjacent land area during the deposition of the bed.
Finally, in some places on the upper surface, nothing but land shells
are found, showing that, at last, it became dry land, at least in certain
spots. '

These land shells are all of extinct species, allied more nearly to
those of the West Indies than to the present fauna of the Southern
States. A small bulimoid shell has been, I think incorrectly, referred
to the Pacific genus Partula, which it somewhat resembles, as observed
by Conrad forty years ago. But it is probably more nearly related to
certain recent bulimuli of the North American, Antillean and South
American recent faunas. The same rock, beside extending northward
to the head of Hillsboro Bay, crops out on the other side of the pen-
insula which separates the latter from Old Tampa Bay. Specimens of
the fossils were collected here by Mr. Burns. It extends up the Hills-
boro River at least as far as the rapids, while silicified corals are re-
ported from a point 25 miles above the mouth of the river at the cross-
ing of the Ilorida Central Railway, in Pasco County, which may be of
the same age. Siliceous fossils of the same character are reported to
have been collected at Clearwater on the Gulf coast of Hillsboro
County, west of Old Tampa Bay, and it is not imprbobable that the same
rock occurs at the mouth of the Pithlachascootee River, Pasco County,
somewhat farther north, a specimen of Pyrazisinus having been col-
lected there by Heilprin. A specimen of the Orthaulax has been col-
lected by Matthew Hooper on the shore of Sarasota Bay, showing that
the same bed exists there.

White Beach sand rock.—A. little farther south, again, in the northern
and western extreme of the Little Sarasota Bay is a locality known by
the name of White Beach, which was visited by Messrs. Willcox and
Heilprin in 1886 and by Mr. Willcox and the writer the following year.
It consists of an outerop of rock which rises two or three feet above
high water. It is a yellowish limestone, much waterworn and cov-
ered in places with a thin layer of recent sand rock. It contains
distorted molds of many species which can not be recognized, but in
some places these molds have become filled with a pseudomorph in
lime of the original shell. These pseudomorphs are gradually exposed
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by the action of the sea on the rock, and atforded about forty species
of molluscan fossils, besides several corals and corallines. The rock
did not show any foraminifera, though several of the species of shells
are identical with those of the orbitolite stratum of Tampa.!

‘While all the species collected here have not yet been determined,
about half of them have been studied sufficiently to show their near
equivalence to the Orthaulax bed of Tampa and the Chipola marl bed
of Alum Bluff, Several peculiar species are common to them and
several others to the Antillean Miocene. On the whole, while the
White Beach fauna is too imperfectly known for dogmatisin, it would
seem probable that it does not greatly differ from that of the Orthaulax
bed, is certainly to be included in the Tampa group, and may possibly
be a little younger than either of the beds above mentioned. Moro
thorough study has shown that the first impression, that this horizon
is not far removed from the Caloosahatchie Pliocene, is untenable,
sinee we now know that the whole of the Chesapeake group, at least,
must intervene between the two horizons.

The White Beach bed is covered with a thin coat of Quaternary
indurated sand containing recent land shells, and extremely hard.

This is the most southern point, so far, at which Miocene strata have
been observed to crop out in Florida; but on Shell Creek, a tributary
of Peace Creek, in about latitude 27° north, draining into Charlotte
Harbor, Mr. Willcox found a specimen of Vasum haitensis Sby., which
is a shell described from the Antillean Miocene, and probably, if cor-
rectly identified, indicates the presence of beds of the Twmpa group
in this vicinity. : >

I have referred to the presence of Orbitolites floridanus Conrad in
rocks of the Chattahoochee group. It is also found silicified, thongh
not abundant, in the Orthaular bed from which Prof. Heilprin sup-
posed it to be absent.

Bailey's infusorial earth.—To return to the Tampa section: it is to
be noted that at one point on the bay shore between Ballast Point or
Newman’s Landing and the mouth of the Hillsboro Liver the marl
associated with the siliceous fossils, forming a phase of the Orthaulur
bed, rises above the beach to an estimated height of 10 feet. I[Ieve
Mur. Burns, of the U. 8. Geological Survey, Col. Bartholomew, of Tampa,
aud others have collected fine servies of silicified fossils. At this point
Prof. J. W. Bailey, U. 8. A, discovered what he regarded as a bed of
infusorial earth resembling that of Virginia in its lithologic character.
Of this he says:* “Dircctly on the shore of the bay I detected a highty
interesting stratum of fossil wmarine Diatomacea or Infusoria. It is
exposed for at least a quarter of a mile, and from 5 to 10 feet of its
thickness may be seen. In its external characteristics (whiteness,
lightness, fissility, etc.) it has some resemblance to the infusorvial

1 Dall, Am. Jour. Sci., 3d ser., vol. 34, p. 167.
2 Microscop. Obs. Smithsonian Contr. Knowl., 1850, vol. 2, No. 8, p. 19.
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strata of Virginia, but is much more indurated, so that although it is
easy to show that it is made up of the remains of Diatomacea, spicules
of sponges, ete., it is difficult to isolate and determine the individual
specimens. This infusorial earth, like that at Petersburg, Va., changes
in a singular manner to a salmon color when exposed to the vapor of
turpentine or Canada balsam.” This bed has not, as far as we know,
been examined since Prof. Bailey’s visit, and in order to determine its
position, stratigraphical and lithological, it was visited by the writer
in January, 1891,

The most marked exposure is locally known as Conklin’s Bluff, and
is situated on the western shore of Hillsboro Bay, about a quarter
of a mile above a long wooden pier belonging to a Mrs. Chapin, and a
mile and a half north of Ballast Point. It is a steep bank 6 or 8
feet above high-water mark, and is the only place on this shore be-
tween Ballast Point and Tampa which at all corresponds to Bailey’s
description. The land along this shore is mostly low and the beach soft
and muddy or sandy, but there are a few places where the Orthaulax
bed rises above high-water mark. The rock is like that at Ballast
Point. The shells are often represented by molds in the chert, but
there are pockets of putty-like marl which contain the siliceous pseudo-
morphs and small nodules of chalecedony.

Bailey’s white bed consists of a deposit of this marl, which elsewhere
occurs in pockets in the harder rock, but here for a few hundred feet
appears in sufficient quantity, by itself, to be regarded as a bed. Some
of the material is pretty hard, but all of it is fissured vertically and hori-
zontally iuto a profusion of angular fragments. The lower layers are
the hardest and rest on siliceous rock of the Orthaular bed, of which
this must be regarded as merely a very local phase. At this place the
marl is nearly destitute of fossils. The few which occur are nearly all
small branches of coral; much of it has no fossils. The lower part is of
a gray or pale green hue, bleaching when dry, as in the upper layers, to
white. It also becomes softer and more fragmentary. It is penetrated
by roots to a depth of 2 feet, and a picce large enough to form a good
specimen can be found only low down in the bed, and then in drying
will break into numerous fragments. The average thickness of the
bed may be 3 feet, the maximum 6 to 8 feet. In one place it is
covered by a thin layer of @olian sand rock discolored by iron oxide.
The strata along this beach are gently waved; the places where rock
appears above high-water mark are the summits of these waves, which
seem to trend in a northwest and southeast general direction. This
marl is one of the highest of the waves, and farther back from the shore
is covered by the Tawmpa limestone, according to reports of residents.
There seemed to be no recognizable dip.

It will be noticed in Bailey’s list of species collected that he mentions
only three or four from this deposit, all of which are also found living over
a great part of the Atlantic coast, and especially in Florida, around the
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roots of plants growing in wet places. The deposit does not seem to
be properly infusorial in character, though doubtless containing, like
other marl, a few such organisms. It is really a siliceous marl formed
by a decomposition of part of the rock which originally constituted the
Orthaulax bed. An analysis, according to Prof. I'. W. Clarke, shows
_ the following composition:

S R UCT: A , 7078
Aluming and irom.... ... .ol i aan 11-33
51 1 T S 2:18
Water and 1088 .cc. oo i it i e i e e e 1571

100-00

This indicates the material to be little different from the yellow sand,
which, like it, is probably a residual product of the disintegration of in-
digenous lime rock of organic origin which has lost most of its lime by
solution.

An examination of some of this marl by Mr. Lewis Woolman, the well
known student of microscopic organisms, did not reveal a single dia-
tom, though specimens doubtless occur in certain portions of the de-
posit as observed by Bailey.

The Tampa limestone.—A second stratum, which appears obscurely at
Ballast Point and with clearness at other localities, overlying the Or-
thaulax bed, was first clearly described by Allen in 1846, He observes:

The first layer of solid rock beneath the soil is a stratum of limestone; it is hard
and white, has an earthy texture, and appears tohave resulted from comminuted and
decomposed shells. The surface of this rock is exposed in several places in the vi-
cinity of Fort Brooke; about 2 miles north, near the Hillsboro River; 4 miles west,
on the shore of the bay; and 6 or 7 miles east, in the hanks of a small stream.!

This rock I have named the Tampa limestone. It was observed by
Heilprin,” who noted in it the great abundance of the Orbitolite de-
scribed (under the name of Nummulites) by Conrad in 184G. But in Heil-
prin’s text it is more or less confused with a supposedly different rock
which lhe regarded as underlying the Orthaular bed. An examination of
the rock in the Hillsboro River from Tampa to the falls shows that
what he mistook for the Orthaulax bed was merely a cherty layer of the
Tampa limestone, that rock being characterized by an abundance of
Cerithium lillsboroensis in this vicinity, and everywhere overlying the
Orthaulax bed. The following notes on this rock were made by the
writer in 1887.3

Above the stratum above described [Orthaunlax bed] is a layer from 1% to 10 feet
thick, of alimestone free from silex and pretty uniform in character. The fossilsare
mostly represented by external molds; but a few, and particularly an orbitolite de-
scribed by Conrad, and probably identical with one now living at moderate dopths
on the Floridian coast, retuin their shell structure.

This rock underlies the town of Tampa, where wells are dug throngh it, and water
obtained at a depth of 10 feet or less. It is probable that the more compact cherty

! Am. Jour. Sci., 2d ser., 1846, vol. 1, p. 38. 3 Am. Jour. Sci., 3d ser., 1887, vol. 34, pp. 166-167.
1Trans. Wagner Inst., 1887, vol. 1, p. 61, { 2.
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stratum underlies it here and forms a water table. The same rock occurs 7 miles
northeast of Tampa in wells, and also on land belonging to Mr. Lapenotiére, of
Tampa (SE. 4, Sec. 14, T. 29, R. 19), near Orient Station. Its upper surface is about
14 feet above Six-Mile Creek, near by, and abont 25 feet above the water in the har-
bor of Tampa, at the railroad wharf, according to recent surveys. Its exact thick-
ness here I was not able to determine. I was informed that the same rock occurred
on the Manateé River above Braidentown. Still farther to the south and west I
observed it about 1 mile from Sarasota village, on the road from Braidentown, in the
gulley of a small rivalet about a half mile from the shore-of the bay.

There is an outerop of rock at Bowleys Creek, emptying into Sarasota Bay, about
8 or 9 miles northwest of Sarasota and about 2 miles from its mouth. This can be
reached only by boat at high water, and is then a foot or two below the surface. I
visited it and succeeded in getting some fragments with prints of two species of
DPecten and one of Osirea, with traces of a Spondylus, all of which are represented in
other Miocene localities. The rock was covered with Quaternary beds of indurated
sand containing recent shells in a semifossil condition.

The same rock appears to crop out at Belleview, Marion County,
and Bayview, on Old Tampa Bay, where specimens were collected by
Willcox.

The known area of the Tampa limestone, and that which is probably
to be assigned to it, from the information in our possession, is nearly
the same as that of the Orthaulax bed; but as yet we know very little
about the geographical extent of either. These rocks are usually much
corroded on their upper surface, through the action of carbon dioxide
and rainwater, and are covered with from a few inches to several feet
of sand, loam, and humus.

A section on the bank of the Hillshoro, near Lapenotiére’s Spring,
generalized from variations observed in the near vicinity, gives the
following succession:

Thickness. Character of strata.
6 to 36 inches ... .. Humus, yellow sand, efc.
10 to 15 feet. .. .. ...| Tampa limestone.
7 inches to 10 fect..| Orthaulax bed.

Total elevation above the level of mean tide at Tampa, about 25 feet.

The Cerithium rock of Heilprin.—In January, 1891, the writer visited
Tampa for the purpose of settling some lurking doubts excited by
discrepancies in previous accounts of the stratigraphy of the ¢Ce-
rithium rock” and Tampa limestone. The writer has never seen the
so-called Cerithium rock underlying the Orthaulax bed, though analogy
with the Alum Bluff section would seem to call for it. Heilprin dis-
tinctly affirms its existence in such a position, but his language would
seem to indicate a confusion in his mind of the rock holding Pyrazisinus
with that containing Cerithium hillsboroensis. His description of the
rock would seem to apply to the former, but his reference to the species
particularizes the latter,
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A trip up the Hillsboro River about 12 miles, in a skiff, examining
every outcerop of rock in the banks from Tampa to the rapids, resulted
as follows: The Orthaulaz bed is clearly and unmistakably below the
Tampa limestone, but nowhere could any rock below the Orthaulax
bed be observed; the stratum itself rarely rises more than 2 or 3 feet
above the water. The Tampa limestone everywhere covers the Or-
thaulaxz bed, and reaches a maximum thickness of 25 to 30 feet. The
two strata appear to be gently waved in a northwest and southeast
direction, the Hillsboro River cutting these waves transversely, as a
rule. There appear to be about half a dozen such waves between
Tampa and the rapids, where the Orthaulaxr bed rises about 6 feet
above the river and forms its bed for a short distance. In the Or-
thaulaz bed there are many species which have not been found in the
Tampa limestone, but I have found comparatively few, mostly minute,
species in the Tampa limestone, except Cerithium hillsboroensis, which
are not represented in the Orthaulax bed.

Along the river the summits of the anticlines bring up the Tampa
limestone and less commonly the Orthaular bed above the water at
the shore. Between the anticlines the Tampa limestone sinks out of
sight and is covered by swamp. In intermediate places it forms the
bed of the river, and perhaps from some such place Prof. Heilprin’s
Cerithium was collected. The lower layers of the Tampa limestone are
silicified or cherty in many places, but still remain yellowish. This
part of that bed can be distinguished from the Orthaulaxz bed chiefly
by color and by the absence of the characteristic Orthaulax, Pyrazi-
sinus, and other fossils of the older stratum.

In the city of Tampa good exposures of the limestone were obtainable
at the city waterworks (with which Magbey’s Spring is now incorpo-
rated) and at a quarry where the rock is excavated for road metal.
Here the rock is at least 20 feet thick. The lower part has few fossils.
Those of the upper part are in the form of molds. Natica amphora and
Venus pewite are particularly abundant; Cerithium hillsboroensis not
rare in the upper part. The upper surface of the beds, which is covered
by a yellowish loamy sand, is wave-worn with Lithodomus borings, lumpy
and irregular. The outer crust is harder than the rock below. The
yellow sand contains occasional phosphatic nodules and fragments of
bone. It descends into the fissures and depressions of the limestone and
averages 2 or 3 feet in thickness, covered by the usual layer, 3 to 6 feet
thick, of white siliceous sea sand.
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