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PREFACE.

In the winter of 1892, while a student at Harvard University, I began

a study of the Eocene corals of the United States, and have continued it,

with considerable interruption, during six years.

The study of corals presents peculiar difficulties. The classification

depends to a lai'ge extent upon minute and obscure structures that are fre-

quently destroyed in fossil specimens; and the system of classification, as

so many of the later students of these organisms have pointed out, is thor-

oughly unsatisfactory, but as yet no good system which can replace the

old one has been proposed, although recent investigators have accumulated

much valuable data that will jtrobably serve as the foundation for a better

and more natural system in the near future.

Another difficulty with which I have had to contend is one that con-

fronts all students of sv'stematic zoology, and especially those of paleo-

zoology, viz. What shall constitute a species? In many instances I have

had enormous amounts of material from successive horizons. It may be

set down as a law, that the difficulty of defining species in such collections

varies with the size of the collection. I have tried to be conservative,

and when a form in one horizon grades into a form in the horizon next

above, I have called them varieties of the same species, even when the

variety possesses an individuality that makes it easily recognizable. In

several instances diagrams showing the phylogeny of the varieties are

given. These large suites of specimens have shown certain biologic facts

that are indisputable, yet how tliese facts should be presented may be open

to discus.sion. My aim has been to present them as clearly as possible, and

in the simplest manner, and I hiipe that my method will prove satisfactory.

The objects of this paper should be here set forth: First, an attempt

has been made to define every species, to present good figures of it, by

which it can be easily identified, and to give its stratigraphic and geographic

distribution with all precision possible. Many species of fossil corals are

u
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excellent time markers iind liorizon iiulirators, as they possess a very small

stratigraphic range and a rather wide geographic distribntion. Second,

from tlie character of the coral fauna, assisted by the lithology, an attempt

has been made to determine the bathymetric conditions under wliioh the

strata were de})Osited. Third, all obtainable data concerning the structure

and de^'elopment of the species and genera are given, and the relationships

to other genera and species are often discussed, so that, wlien possible, addi-

tional lio'lit might be tlu'own on (picstions of coral morpholog^' and general

classification.

Tlie scope of this paper is wide, and necessarily very many questions

are broached that can not now be answered. An attempt has l)een made

to avoid much generalization, because generalizing upon insufficient data

witliin the last fifteen years hals put the classification of corals (and in some

instances their morphology) in a state of great confusion.

In ]nx studies I have received numerous courtesies from both institu-

tions and individuals in the loan of specimens and otherwise. I have had

opportunity' to examine collections belonging to the following institutions

or individuals:

1. United States National Museum; Dr. William H. Dall, Curator of

Terti;ir\ Invertebrates.

2. Mr. T. H. Aldrich, of Birmingham, Alabama.

3. Wagner Free Institute of Science, Philadel})lua, Pennsylvania;

C. W. Johnson, curator.

4. Philadelphia Academv of Natural Sciences, which contains all of

Lea's types and many of Conrad's. Many of these specimens were loaned

to me upon the request of Messrs. Heilprin, Pilsbr}-, and Stone.

5. ^luseum of Comparative Zoology of Cambridge, Massachusetts,

through the courtesy of Dr. R. T. Jackson.

6. Boston Societ}^ of Natural History; Prof Alpheus Hyatt, curator.

7. Louisiana geological survey, through Dr. Otto Lerch, former State

geologist.

8. Johns Hopkins University; Prof W. B. Clark, curator.

9. American Museum of Natural History of New York; Prof R. P.

Whitfield, curator.

10. The private collection of ^Ir. J. A. Singley, Giddings, Lee County,

Texas.
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Dr. J. C. Merriam, of the University of California, sent me all of the

Cretaceous and Tertiary materia] that he possessed from that State; and

Dr. T. W. Stanton, of the United States Gleolog-ical Survey, submitted to

me the Eocene corals collected by himself in California, and loaned me all

of the specimens in the United States National Museum from the Shark

River group of New Jersey.

My own jjrivate collection, and that made by me for the United States

Geological Svu-vey, both of which are now the property of the United States

National Museum, were also available for study.

Prof Alphonse Milne-Edwards, Director of the j\ruseum d'Histoire

Natm-elle of Paris, sent me, at the request of Mr. C. D. Walcott, Director

of the United States Geological Survey, photographs of Milne-Edwards

and Jules Haime's types of Astrohelia lesueuri, Oculina americana, and

Eiipsammia haleana, and Dr. H. S. Gane loaned me a specimen of TurhinoUa

acuticostata, which has the costse perfectly preserved.

Besides the acknowledgments already made, I am indebted to Dr. W. H.

Dall, Mr. C. W. Johnson, Dr. R. T. Jackson, and Prof. Alpheus Hyatt for

other personal kindnesses.

Dm-ing the summer of 1897 I went to Europe, for the puipose of

visiting various museums and studying collections of corals in order to make
comparisons with American material. While there I received courtesies

from Dr. W. Weltner, Gustos in the Museum ffir Naturkunde, Berlin; Dr.

N. Sokoh^w, of the Comite Geologique, in St. Petersburg; Prof. Th. Fuchs,

and his assistants, Drs. Wahner and Kittl, K.^ K. Hofmuseum, Vienna;

Professor Suess, of the University of Vienna; Gelieimrath Professor von

Zittel, in Munich; Professor Camei'ano, of the University of Turin; Messrs.

Bernard and Boule, of Muse'um d'Histoire Naturelle, Paris; Dr. Hemy
Woodward, Mr. A. Smith Woodward, Dr. J. W. Gregory, and 'Mr. R. B.

Newton, British Museum (Natural History); Messrs. L. L. Belinfante,

William Rupert Jones, and C. Davies Sherboni, of the Geological Society

of London, and Sir Archibald Geikie and Mr. E. T. Newton, of the Museum
of Practical Geology, London. To these gentlemen I express my heartiest

thanks for the aid that was rendered.

Mr. Robert T. Hill submitted to me for study all of the material col-

lected by him during many years of exploration for Mr. Alexander Agassiz

in the West Indies. This material lias been of great interest for comparison.
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Lantly, Dr. Richard Rathbuu lias given nie unrestricted use of the

collection of recent corals in the United States National Museum, and Miss

Mary J. Rathbun has shown every kindness possible in enabling' me to get

at any material that I desired to examine.

A few words of explanation of certain quotations in the svnon-\'inv

should be given liere. As the prepai-ation of this paper has extended over

several years, quite often a request has come to me for a list of a local

fauna, or for descriptions of its species. These requests have been complied

with, and in some of my own paj^ers I have referred to cei-tain of the

corals as sp. nov. or simply cited a nomen nudum. I have given nomina

nuda and species nova^ in the synonymy of the proper species, so that what

was meant in my earlier papers can be discovered. However, such spe-

cies date from the publication of this paper.

The illustrations are from drawings by Dr. J. C. McConnell and Messrs.

J. Henry Blake, Hunter Harris, E. Sheppard, and H. Chadwick Hunter.

Dr. ]\IcConnell has made by far the greater number of drawings. The
figures were drawn at three different periods, with rather wide intervals

between. Some were drawn in 1(S94, some in the spring of 1897, and

some in the winter o{ 1898-99. They have not all been made to the same

scale, but in the plate explanations the scale of the tigure or the size of

the specimen is given.



THE EOCENE AND LOWER OLIGOCENE CORAL FAUNAS
OF THE UNITED STATES.

By T. Wayland Vaughan.

NOME>^CIjATtJRE OF THE EOCEIVE AISTD LOWER OLIGOCE^TE
EOBMATIOXS OF THE UNITED STATES.

Attention is called especially to Bulletin 83 of the United States

Geological Survey, Correlation papers—Eocene, by W. B. Clark, and

to "A table of the North American Tertiary horizons, correlated with one

another and with those of western Europe, with annotations," by William

H. Dall.^ These two papers give a rather thorough treatment of the subject.

The following table is extracted from Ball's paper. Two points in this

table deserve special mention: First, the old name "Lignitic" or "Eolig-

nitic" is abandoned, and the various beds of these are placed in two

stages—a lower, "Midwayan," following Harris,^ and an upper, to which

the iiame " Chickasawan " is given; second, the old lithologic name
"Bulu-stone" is suppressed and the locality designation "Tallahatta" is

given.

Often one can not differentiate the various horizons of the Claibom-

ian in other States as they are recognized in Alabama and Mississippi;

therefore the name "Lower Claiborne" is convenient to designate collect-

ively that part of the Claiboruian below the Claiborne sand horizon.^

> Eighteenth Ann. Kept. U. S. Geol. Survey, Pt. II, 1898.

2 Am. Jour. Sci., 3tl ser., Vol. XLVII, 1894, p. 301.

'Harris wa.s the first to use "Lower Claiborne'' in this manner. Cf. Am. Jour. Sci., 3d ser..

Vol. XLVII, p. 301.
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Correlation table of lower Tertiary furmations; data to 1S'J'>; hy W.M. Dall.

Epochs and stages.



AGE OF BEDS CONTAINING THE CORALS. 17

says: "This, like the Eocene of North CaroHna, is regarded by Harris as

newer than that of Maryland and Virginia, which has been included under

the name of Pamunkey by Darton." One specimen of a species of Endo-

pachys was found in the material belonging- to the Academy of Natural

Sciences of Philadelphia. In no other State is a species of this genus

known from a horizon below the Claibornian; thei-efore I am inclined to

Harris's opinion that the Shark River beds are higlier than the Aquia

Creek beds of Darton's Pamunkey formation.

Maryland and Virginia.—In a rcccnt paper^ Prof G. D. Harris has advanced

the opinion that the Eocene of tliese States, the Pamunkey of Darton,- rep-

resents the same horizon as the Bells Landing beds of Alabama. Prof.

W. B. Clark ^ has more recently published the opinion that the Maryland

and Vu'ginia Eocene deposits "represent the greater portion of the Eocene

series of the Grulf, its highest members alone excepted." * The corals

which have been collected and studied from this regiciu all belong to the

same horizon. There is only one species, Eupsammia elahorata (Conrad),

common to the Alabama region, where it is confined to the Bells Landing

and Woods Bluff beds. Since the above was written Professor Clark has

sent me some specimens of BalanophyUia desinophyUum 3I.-Edw. and H. from

1 mile southeast of Mason Sj^rings, Maryland. This species ranges from

the Bells (Greggs) Landing horizon into the Lower Claiborne.

South Carolina and Georgia.—Thc collectious froiu tlicsc Statcs are insiguificant,

and sufficient careful paleontologic and stratigraphic work has not been

done to make a discussion of the Eocene in them possible.

Alabama, Mississippi, Arkansas, and Louis ana. ThcSC StateS fumisll the typC SeCtioU

of the Gulf States Eocene, and practically every horizon of both the Eocene

and Lower Oligocene contains species of fossil corals. The Gulf States

section in the table of formations is sufficient explanation of the stratigraphic

terms.

Texas.—Mr. E. T. Dumble, in the Journal of Geology for September,

1894, summarized what is known concerning the general character and the

sequence of the Eocene beds of Texas.

'Am. Jonr. Sei., Sd ser.. Vol. XLVII, 1894, pp. 301 et seq.

2Bull.Geol.Soc.Aiiieriea, Vol.11, Apr., 1891, pp. 439-443.

'Johns Hopkins Uuiv. Circ, Vol. XV, Oct., 1895, pp. 3 ami 4

Op. cit., p. 4.
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18 EOCENE AND LOWER OLIGOCENE CORAL FAUNAS,

Tlie tollowing- suli(li\'isions are recognized

:

3d. Frio clays.

3c. Fayette sands.

3/;. Yegua clays.

3a. Marine beds.

2. Liguitic beds.

1. Wills Poiut or Basai ciays.

1 is tlie same as the Midway beds of Alabama.

2 contains fossils characteristic of tlie Liguitic (as defined by Harris

in his Arkansas report) of Alabama, i. e., Chickasawan.

3a, 36, 3c, and Sd, all contain fossils belonging to tlie Lower Claiborne.

The Upper Claiborne is not represented. ^ The fossils, as acknowledged by

Mr. Dumble, were determined by Prof Harris.

California.—Tlie Tejoii gToup lias been correlated with the Eocene Ijy

numerous investigators. A review of the literature on the subject to ISOI

has been published Ijy Prof W. 11 Clark in his l>ulletiii on tlie correlation

of the Eocene."

In Science for August, 1893, page 97, Prof. G. D. Harris correlates the

fossils from Fort Tejon with the Lower Claiborne. Messrs. J. S. Diller and

T. W. Stanton make an additional contribution to the subject in Vol. V of

the Bulletin of the Geological Society of America, April, 1894, pages 437

and 438. Stanton has more recently made another contribution to the

subject,^ in which he recognizes an Upper and a Lower Tejon fauna, both

Eocene. He shows that the Martinez group of Gabb is a niixtureof Upper

Cretaceous and Eocene and determines to restrict the name Martinez to the

Eocene portion, which corresponds to the Lower Tejon. More stratigra})hic

work and more study of the faunas of the California Eocene are needed.

Dr. J. C. Merriam, of tlie University of California, is now engaged on such

a study, and has published one paper on the subject.* He restricts the name
Martinez to the Eocene })ortiou of Gabb's Martinez group, his conclusion

agreeing with that of Stanton.

' Op. cit., pp. 549-5i55.

2 Bull. U. S. Geol. Survey No. S3, pp. 100-106.

^The faun:il relations of the Eocene nnd Upper Cretaceous of the Pacific coast: Seventeenth
Ann. Kept. U. S. Geol. .Survey, Pt. I, 1896.

^The geologiir relations of the Martinez group of California at the typical locality : Jouru. Geol.,

Vol. V, No. 8, Nov.-Dee., 1897, pp. 767-775.
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I describe in this paper two corals

—

Far'ia merriami and Stephanocwnia

fairhanksl—both new species, that are doubtfully Cretaceous, and the strati-

graphic position of Grabb's "AsCrocosnia " petrosa is not yet known.

STRATIGRAPHIC AND GEOGRAPHIC DISTRIBUTION OF SPECIES.

All doubtful species are omitted from the following table, only those

that I recognize as valid appearing in it.

The corals, according to geographic distribution, may be divided into

several provinces.

(1) An eastern province, which may be subdivided into (a). Gulf
subprovince, extending as far as South Carolhia on the Atlantic slope;

(b), Virginia, in which State two species common to the Alabama region

are found; (c). New Jersey, in which State one species doubtfully common
to the Gulf subpro\'iuce occurs.

(2) A western, or the Californian province. No species common to the

eastern and western provinces are known, although some of the species of

one have analogues in the other.

As the greater number of the species occur in the Gulf region, the

typical Gulf States section is used to illustrate the stratigraphic occurrence.

When the bed from which a species comes can not be correlated with

that section, a note of its stratigraphic distribution is given in the column,

"Geographic distribution and remarks."
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Table showing straligrapliic and geographic distribution of species.
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Table shaming stratigraphic and geographic diatribittion of species—Continued.

21
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Table ahowing stratigraphic and geographic distribution of species—Continued.
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PROBABLE BATHYMETRIC DISTRIBUTION OF SPECIES.

The studies of various paleontologists and the results of the studies of

the bathymetric distribution of recent corals have shown that the fossil

coral faunas furnish consideralile data concerning' the conditions of depth

under which deposits containing such fossils were laid down. Using the

data which have been accunuilated from tkedgings an attempt is made to

show the probable depths at which the various beds containing fossil corals

herein described were deposited.

Genera represented in the Eocene of the United States and depths at tchich they now live,^

Fathoms.

Flabelliuu Shallow water to 1, 500

Aldrichia gen. nov.

Sphenotroclius Shallow water to 150

Platytrochus, probably extiuct.

Discotrocbus. extinct.

Turbinolia.^ 100- 220

Trochocyathus 100- 750

Paracyatluis Shallow water to 750

Caryophyllia Shallow water to 1, 500

Steriphonotrochus gen. nov.

Parasmilia ^0- 300

Astrohelia, extinct.

Oculina Shallow water to 50

Aiuphihelia- 158- 892

Cielohelia gen. nov.

Stylophora - Shallow water.

Madracis 38- 300

A.strauo-ia Shallow water to 315

Oladocora Shallow water.

Pavia Shallow water.

Dichoccenia Shallow water.

Haimesiastrtea gen. nov.

Astrocoenia Shallow water.

Platycceuia gen. nov.

Stephanoctjenia Reef.

Siderastrea Eeef.

Stephaiioiiiorpha gen. nov.

Mesomorpha, extinct.

'Most of the (lat.a here given have been taken from Moseley's Deep sea corals, in the Challenger

Reports, Zoology, Vol. II, Pt. VII, 1881, pp. 132, 133.

» Pourtales, Bull. Mus. Comp. Zoul. Harviird Coll., Vol. VI, No. 4, 1880, p. 96.
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Genera represented in the Eocene of the United States and depths at which ihcy non-

live—Continued.
Fathiims.

Balanophyllia Shallow water to 400

Eupsammia.

Rbectopsammia gen. nov.

Endopachys. '

Dendrophyllia Shallow water to 750

Dendracis, extinct.

Tnrbinaria Shallow water.

Porites Shallow water.

Total number of genera 36

Recent as well as fossil genera 24

Extinct genera, including the seven new genera 11

Probably extinct 1

Analysis of the recent genera.

Exclusively shallow water 9

Shallow water to 50 fathoms 1

Shallow water to 150 fathoms 1

Shallow water to 315 fathoms 1

Shallow water to 400 fathoms 1

Shallow water to 750 fathoms 2

Shallow water to 1,500 fathoms 2

From 38 to 300 fathoms 1

From 50 to 300 fathoms 1

From 100 to 220 fathoms 1

From 100 to 750 fathoms 1

From 158 to 892 fathoms 1

Data deficient concerning 2

Total 24

Of the twenty-two g-enera concerning' whicli we have definite informa-

tion, eighteen occur in water less than 50 fathoms deep, and ten occur only in

water less than .50 fathoms deeji; all may occur in water 100 fathoms

or less in depth, Amphihelia doubtfully excepted. The fauna as a whole

is one of only moderately deep or shallow water.

We shall now discuss the probable conditions of depth under which the

various beds of the Eocene in tlie diffei'ent States were deposited, so far as

the corals enlighten us.

' In Gnlf of California 39 fathoms (coll. U. S. Nat. Mus.).
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EOCENE.

MIDWAYAN STAGE.

Midway beds.—The spccIes wliicli I have seen belonging to this horizon all

come from one locahty, or from the same vicinity—Prairie Creek, Wilcox

County, Alabama.

There are eight species referred to these beds:

Oculina(?) smithi Vaugban. Siderastrea hexagonalis Vaughan.

Dicboccpiiia alabamensis Vaugban. Mesoinorpba duucani Vauglian.

Haimesiastra^a conferta Vangbau. Balanopbyllia poiiderosa Vaugban.

StepLanoiuorpba niouticuliformis Astraugia wilcoxeusis Vaugban.

Vaugban.

The two following species also are doubtfully referred to them

:

Paracyatbus cylindricus Vaugban. Trochocyatbus cingulatus Vaughan.

Dichocoenia and Siderastrea are exclusively shallow-water genera;

HaimesiastrjEa, Stephanomorpha, and Mesomorpha are shallow-water types

of corals; Oculina lives at a depth of 50 fathoms or less, and Balanophyllia

occurs both in shallow and in moderately deep water. We may conclude

that the Midway beds in the vicinity of Prairie Creek were deposited in

water considerably less than 50 fathoms deep.

sucarnoche-- clays and Naheoia marls.—Thcsc two liorizous are represented by only

two species, Flahellum conoideum Vaughan and Trochocyathus liyatti Vaughan.

The collection is not extensive enough to warrant any general conclu-

sion. The water at the time of the deposition of these beds was probably

100 fathoms or more in depth.

CHICKASAWAN STAGE.

Nanafaiia Bluff beds.—Ouly oue specles, BalmiopliyUia desmophyUum M.-Edw.

and H. var. microcostata Vaughan, is known from these beds. This genus

ranges in depth from shallow water to 400 fathoms.

Greggs Landing beds.—Scveu species are known from these beds from

Alabama

:

Oculina alabamensis Vaugban. Balanophyllia desmopbyllum M.-Edw.

Ccelobelia wagneriana Vaugban. and H.

Madracis gregorioi Vaughan. Balanophyllia annularis Vaughan.

HaimesiastriBa conferta Vaugban, Eupsammia elaborata (Conrad).
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From the genera represented, we infer that the beds were laid doAvn in

water less than 100 fnthorns in depth.

In Maiyland and "N^irginia, in the Pamunkey formation of r)arton, the

following spec/ies are found :

Flabellum sp. Balanophyllia desmophylluiu M. -Edw.

Turbinolia acuticostata Vaugban. and H.

Trocliocyatlius t-larkeaiuis (Vaugbau). Eupsammia elaboiata (Courad).

Eupsainniia couradi Vaugban.

The shallow-water forms of Alabama are not present; therefore we
infer that the water in the Virginia-Maryland region was deeper. The
character of the sediments (glauconitic sands) bears ont this conclusion.

Bashi or Woods Bluff beds.—Froui Woods Bluft" six specjcs have been collected.

They are

:

Flabennm jobnsoiii A'augban. Balanopbyllia desmophylhiiii M.-Edw. and
Paracyatbus ingosus A'augban. H.

Paracyatbus granulosus Vaugban. Balanopby]lia baleana (M.-Edw. and H).

Haimesiastra'a conferta Vaugban. Eupsammia elaborata (Courad).

All of these genera excepting Haimesiastnea may occur in shallow or

in rather deei) Avater, but probably the water was only moderately deep.

Hatchetig.ee Bluff beds.—Ouly oue spccles, Madracis r/refforioi, has been seen

from these beds. .ludging from the association wdiich this sj^ecies has at

Greggs Landing (Ikdls Landing beds), the inference is that the beds are a

shallow-wtiter deposit.

GENERAL CONCLUSIONS REGAEDING THE MIDWAYAN AND CHICKASAAVAN STAGES.

Fossil corals of tliese stages from only Alabama and Virginia have

been submitted to me for study ; therefore any conclusions reached will

apply only to those States.

The character of the sediments of any region gives us much data regard-

ing the depths at which the deposits were laid down, but any additional

contribution to the subject should be welcome. The data furnished by
a study of the corals found in our Eocene deposits lend additional confir-

mation to the existing opinion upon this subject. These deposits in Ala-

bama are usually of shallow-water origin, and probably none were laid

down at a much greater depth than 100 fathoms, while most of them

were deposited in water less than 50 fathoms deep. The Maryland-Virginia

deposits were almost certainly laid down in considerably deeper water

—

between 100 and 200 fathoms.
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CLAIBORNIAN STAGE.

LOWER CLAIBORNE.

Alabama, Mississippi, and Louisiana.—Fov Alabama, Mississippi, ancl Louisiaua,

excepting Natchitoches, the species are very nearly the same in all of these

States for this division of the Claiborne, and apparently all belong to that

horizon of the Lower Claiborne called the Lisbon beds.

The following- are the species :

Flabellum cuiieiforme Lonsdale. Trochocyathus depressus Yanghan.
Flabelluiii cuneiforiiie var. pachyphyllum Paracyatlius alternatus Vaughan.
Gabb and Horn. Paracyatbns belhis Vaughan.

Flabellum cuneiforme var. acutiforuie Discotiochus orbiguianus M.-Edw. and H.

Vaughan. Balauophyllia desmophyllum M.-Edw. and
Flabellum cuneiforme var. fragile H.

Vaughan. Endopachys maclurii (Lea).

Flabellum lerchi Vaughan. Endopachys lonsdalei Vaughan.
Platytrochus stokesi (Lea). Dendrophyllia striata Vaughan.
Turbinolia pharetra Lea. Dendrophyllia lisbonensis Vaughan.
Turbinolia wautubbeensis Vaughan.

No recent species of Platytrochus or Discotrochns are known.

There are no strictly shallow-water genera, but all of the recent gen-

era, excepting Endopachys^ (whose bathymetric distribution we do not

know), Turbinolia, and Trochocyathus, occur in shallow water. Trochocy-

athus ranges from 100 to 750 fathoms in depth, and Turbinolia from 100

to 220 fathoms.

The data at hand are not sufficient for a more definite detennination

of depth than is afforded by the Trochocyathus and Turbinolia—i. e., the

probable depth is 100 fathoms or more.

The species from Natchitoches, Louisiana, are:

Amphihelia natchitochensis Vaughan. Endopachys maclurii (Lea).

Madracis ganei Vaughan. Balanophyllia augustiuensis Vaughan.

The depth at which these beds were laid down is probably about the

same as that at which the other Lower Claiborne deposition took ])lace.

' In our Eoceue this genus sometimes occurs associated with shallow-water genera.
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Texas.—Tile followiug IS ii list of the Eocene corals of that State by

localities. All of the species belong to the Lower Claiborne.

Shij)2»s Fitrd, and 1 mile below, Bastrop Couutf/.

Flabellum cuueifornie Lonsdale. Discotrocbus orbignianus M.-Edw. aud H.

Platytrocbus stokesi (Lea). Eudopacliys luaclurii (Lea).

Turbiuolia pbaretra Lea.

Alum Bluff, Colorado River, 4 miles above Smithville, Bastrop County.

Flabelluiii cuueitorme var. pacbyphyllum Oculina or Astrobelia.

trabb aud Horu. Madracis jobusoni Vaugban. -

Smithville, Bastrop County.

Platytrocbus stokesi (Lea). Balanophyllia irrorata var. couiformis

Paracyatbus alteruatus Vaugban. Vaugban.

Turbiuolia jiliaretra Lea. Balanopbylliadesmopbyllum M.-Edw. and

Oculina singleyi Vaugban. H.!

Blm Creek, Lee County.

Flabellnin cuueifornie var. pacbypbyllum Jladracis sp.

Gabb and Horn. Eudopacbys maclurii (Lea).

Turbiuolia pbaretra Lea. ^
•

West Yeyuu Creek, Lee Couaty.

Balanopbyllia irrorata var. niortoni (Gabb and Horn).

Lexington, Jjve County.

Platytrocbus stokesi (Lea). Balanopbyllia irrorata var. mortoni (Gabb
Paracyatbus alternatus Vaugban. aud Horu).

Tui'binolia j)baretra Lea.

Black Shoals or Colliers Ferry, 1 mile beloip Milam- Burleson county line.

Paracyatbus alternatus Vaugban. Balauoi>byllia irrorata \m\ mortoni (Gabb
Turbiuolia pbaretra Lea. aud Horn).

Moseleys Ferry, Burleson Caiinty.

Turbiuolia pbaretra Lea. Balanopbyllia irrorata var. mortoni (Gabb
Oculina singleyi Vaugban. aud Horu).

^y}leelock, Robertson County.

Turbinolia pbaretra Lea. Balauoi)byllia desuiopliyllum .M.-Edw. and
Oculina siugleyi Vaugban. II.?
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Bold Mound, 9 miles southeast ofJewett, Leon County.

Flabellam cimeiforme var. pachyphylluin Tlatytrochus sfx)kesi (Lea).

Gabb and Horn. Turbiiiolia pbaretra Lea.

Alabama Bluff, Trinity River, Houston County.

Flabellum cuneiforine var. pacbypbyllum Balauopbyllia irrorata var. dicbotoma

Gabb and Horn. (Gabb and Horn).

Discotrocbus orbignianus M.-Edw. and H. Endopachys maclurii (Lea); partly var.

Turbinolia pbaretra Lea. tenue Vaugban.

Oculina singleyi Vaughan.

Lewis House, 2 miles east of Alto, Cherokee County.

Turbinolia pbaretra Lea.

San Augustine.

Flabellum cuneiforme var. pacbypbyllum Ampbibelia natcbitocbensis Vaugban.

Gabb and Horn. Madracis jobnsoni Vaugban.

Upon examining- the above lists, from the association of Oculina and

the large Madracis with the other species, the conclusion is reached that

the beds in which the corals occur were laid down in water probably less

than .50 fathoms in depth.

Shark River beds, New Jersey. TllC SpeClOS frOm thcSC bcds arC :

Flabellum mortoui A'augbau. Balanophyllia inauris Vaugban.

Trochocyatbus conoides (Gabb and Horn). Endopacbys sp.

The corals indicate a depth of 100 fathoms or more. The presence of

large amounts of glauconite would indicate a depth of between 100 and 200

fathoms.
CLAIBORNE SANDS BED.

The species that occur in this bed are:

(?) Flabellum cuneiforme Lonsdale. Platytrocbus claibornensis de Gregorio.

Spbeuotrocbus nanus (Lea). Turbinolia pbaretra Lea.

Spbenotrocbus claibornensis Vaugban. Turbinolia claibornensis Vaugban.

Platytrocbus stokesi (Lea). Rbectopsammia claibornensis Vaugban.

Platytrocbus goldfussi (Lea). Endopacbys maclurii (Lea).

The basis for forming an opinion regarding tlie depth at which these

beds were laid down is not very good. There is an absence of strictly

rhallow-water forms, but we know that all of the genera that are recent, as

well as fossil, also occur in moderately shallow water. As no reef building
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or strictly shallow-water genera occur in the assemblage, we conclude that

the water in which the corals lived was beyond the depth of reefs, probably

about 100 fathoms deep.

JACKSONIAN STAGE.

Good collections of corals from the Jaclvsonian stage have been made

in Mississippi and Louisiana. The species from the two States are almost

identical. They fu'e:

Flabellum cuueiforme var. wailesi Courad. Astrangia expansa Vaughau.

Aklricliia elegaiis Yaugbau. Astrangia ludoviciaiia Vaugban.

Turbinolia pbaretra Lea. Platycd-uia jacksoueusis Vaugban.

Trocbocyatbus luuiilitiformis (Courad). Balauoi)byllia irrorata (Conrad).

Trocbocyathus lunulitiformis var. uiont- Eudopacbys maclurii (Lea).

gomei'ieusis Vaughau. Eudopacbys maclurii var. triaugulare

Caryopbyllia dalli Vaughau. Courad.

Parasinilia ludoviciana Vaughau. Eudoi)achys uiiuutuin Vaugban.

Astrohelia burusi Vaughau.

The depth in which the species lived probably did nut exceed 50

fathoms. Astrangia ranges in depth from shallow water to 315 fathoms,

but is usually in shallow water. Parasmilia occurs iixnn 50 to 300 fathoms.

LOWER OLIGOCENE.

VIGKSI3URGIAN STAGE.

Red Bluff beds.—Tlic spcclcs fouud in tliesc beds are:

FlabeUum rhomboideuui Vaughau. Oculiua harrisi Vaughau.

Turbinolia insiguitica Vaughau. Balauopbyllia caulifera var. nuiltigrauosa

Steriphonotrochus pulcher Vaughau. Vaughau.

Oculiua aldricbi Vaughau. ISalauophyllia elongata Vaughau.

The Oculinai would suggest a depth of 50 fathoms or less.

vicksburg beds.—The great abundance of Oculinae in these beds indicate

conditions approaching those favorable to the growth of coral reefs—i. e.,

shallow-water conditions, or less than 50 fathoms.

Coral limestone at Salt Mountain, near Jackson, Alabama. Here COuditlonS faVOrablc for

reef-making corals obtained. (_)nly two species could be described, because

of the poor state of preservation of the material. They are Stylophora i^on-

clerosa Vaughau and Turbinaria (!) aJahamensis Vaugban. There are man}'

other species in the limestone.

The following is a general section at Salt Mountain:
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General nection at tialt Mountain, Alabama.
Feet.

Limestone, with reef corals, contains tlie two species above mentioned, and other

undetermined species, about 75

Hard limestone with triturated shell remains, echinoid spines, etc 20

Section of hill north side of Salt Creel- and cast side of small draw running into Salt

Greek.

Feet

Bed of Ostrea vicksburgensis, many Bryozoa, etc., matrix marly 10

Soft limestone, composed in large part of Orbitoides nmnielli, contains specimens

of Scutella, etc 30

The top of this section is l)elow the Ijottom of the 2)receding' section.

Smith^ gives the thickness of the Coral limestone as 150 feet. During

my visit to Salt Mountain I found his account of the sequence of the beds

absolutely correct, but several aneroid barometer measurements showed his

estimate of the thickness of the limestone actually composed of corals too

great. One of my measurements made it 90 feet and another 60 feet. I

believe bis estimate of the thickness of the beds above the Orbitoides nian-

telU zone correct. The corals here seem to have ffrown on a rising sea

bottom.

Pumpelly^ and DalP have shown that in Florida the Upper Oligocene

rests unconformably on the Vicksburgian Lower Oligocene. We do not

know the relations of the Upper Oligocene to the Coral limestone in Ala-

bama, but quite probably the elevation that made the coral reef possible

carried it above the surface of the water, and it had the same relation to a

rising land as the West Indian elevated reefs described by Agassiz and Hill.

Localities in Georgia.—Our collectious coutaiu specimeus from two localities

in Georgia. They are Russell Springs, Flint River, and Jacksonboro. The
species from the former locality are Stylophora minutissima Vaughan and

Astroca'uia pumpcUyi Vaughan, and from the latter Cladocora rescrescens

Lonsdale and Porites ramosa (Lonsdale).

It is quite probable that both of these localities are in beds of high

Eocene or Lower Oligocene age. Russell Springs belongs to the Ocala

horizon of the Vicksburg. The corals from them indicate shallow water, a

depth not too great for the growth of reef corals.

'Report on geology of Coastal Plain of Alabama: Geol. Survey Alabama, 1894, pp. 107, 108.

"Am. Jour. Sci., 3(1 ser., Vol. XL\'I, 1893, pp. 445 et seq.

'Bull. Oeol. Soc. Amer., Vol. V, 1894, p. 162.
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CORALS FROM THE MARTINEZ AND TETON BEDS OF CALIFORNIA.

Six species have been determined from these beds, viz:

riabellum remoudianum Gabb.

Flabellum califoniicum 'S'aiighan.

Trochocyathiis striata (Gabb).

Trochocyathus zitteli Merriam.

Trocbocyatbus stantoni Vaughan.
Trochocyathus californiamis Vaughan.'

It is not known whether Favia merriami Vaughan, Haimesiastrcea

petrosa (Gabb), and Stephanocoenia fairbanksi Vaughan are Cretaceous or

Eocene.

As we do not know the association of these species, very little can be

inferred about the bathymetric conditions under which they lived. The

simple corals probably lived in water at least 100 fathoms deep; the three

compound species probably lived at a depth of less than 50 fathoms.

This introduction has been written for the ]inrpose of showing what

assistance may be rendered by accurate paleontologic knowledge in solving

some of the problems of the oscillation of the sea bottom in past geologic

time. If we possess a minute knowledge of the stratigraphy of a series of

beds, and of the lithologic constitution of each part, and have carefully

made collections of fossils at every horizon from Avhicli they can he

obtained, accompanied by exact stratigraphic data, I believe it j^ossible, by

using the physical data furnished by stratigraphic knowledge and the

paleontologic data obtained by knowing the faunas, to discover with con-

siderable accuracy both the number and the amount of the oscillations that

any series of beds has undergone during its deposition. Corals are usually

especially good indices of the depth of the water in wliich they lived, of

its temperature, purity, etc.

AFFINITIES OF THE EOCEXE AXD EOWER OEIGOCENE CORAES OF
THE UXITED STATES FOR THOSE OF OTHER COUNTRIES.

Verv few of the fossil corals of these two periods are the same as or

similar to corals from localities not on the North Ameiican Conti)ient.

Occasional resemblances between the American and European species are

pointed out in the descriptions. In some instances the specific distinction

between an American and a closely related European form is not alto-

' Since this mauuscript was prepared, Doctor Merriam informs me that tbisspecies is Cretaceous,

being associated with CoraUiochama oruuiti and other Cretaceous species.
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gether satisfactory, but in only one instance have I identified an American

with a European coral. The analogy between species is usually between

those occupying the same relative stratigraphic positions.

There seems no resemblance between the species from the North

American Continent and those from the West Indian Islands. Not a single

species has been found common to the two regions.

This is not true of the Upper Oligocene and later corals of the Florida

region and the West Indian fossil and recent faunas; but usually there is

considerable difference in these.

GENERIC AFFINITIES OF THE EOCENE CORAL FAUNA OF THE GULF
REGION WITH RECENT FAUNAS.

The following is the geographic distribution of tlie recent genera found

also in our Eocene deposits, taken for the most part from Duncan's

Revision of the Genera of the Madreporaria:

Flabellum, almost universal.

Sphenotrochus, Mediterranean Sea and North Africa, coast of Brazil, European

coasts of North Atlantic Ocean, South Australian coasts.

Platytrochus, Australian seas (?)

Turbinolia, Caribbean Sea (Pourtales).

Trochocyathus, West Indies, South American seas.

Paracyathus, Mediterranean Sea, Indian Ocean, Pacific Ocean, California (Pearl

I.slands), Caribbean Sea, North Atlantic Ocean, Josephine Bank.

Caryophyllia, littoral and deep sea, very general.

Oculina, Indian Ocean, Pacific Ocean (?), Florida, and Caribbean Sea, Bermudas.

Amphihelia, Atlantic Ocean, Caribbean Sea, Mediterranean Sea, Australian seas,

Formosa.

Stylophora, Red Sea, Indian Ocean, Cape of Good Hope, Chinese seas, Australian

seas (?)

Madracis, Madeira, Florida, Caribbean Sea, Brazil, Isle de Bourbon, Indian Ocean,

Adriatic Sea (von Heider).

Parasmilia, Caribbean Sjea, Philippines.

Astrangia, East Indies, Florida, Central America, Panama Bay, east and west coasts

of North America, Strait of Magellan.

Cladocora, West Indies, Mediterranean Sea, Madeira.

Favia, West Indies, Red Sea, Indian Ocean, Pacific Ocean, Australian seas.

Dichoccenia, West Indies, East Indies.

Astroccenia, Caribbean Sea.

Stephanoccenia, West Indies.

MON XXXIX 3
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Siderastrea, Red Sea, Indian Oceau, islands oft' west coast of Africa, Caribbean

Sea.

Balauopbyllia, Mediterranean Sea, English Channel {B. n-gia), St. Helena, Madeira,

Philippines, Fiji, Japan, Korea, Chinese seas, Australian seas, California, Carib-

bean Sea.

Eupsaiuinia, Chinese seas.

Endopachys, Australian seas (1), west coast of America (Coll. U. S. Nat. Mus.).

Dendropbyllia, Atlantic Ocean, Cape Verde, Madeira, Mediterranean Sea, I'acittc

Ocean, Arafura Sea, Chinese and Australian seas. Bay of Panama, California,

Caribbean Sea.

The foregoing table shows that the generic relations of our Eocene corals

are about equally divided between the mid-Atlantic and the C!hina-

riiilippine Islands regions. There is a great resemblance between the

species of Paracyathus, Balanophyllia, Siderastrea, etc., now found in our

West Indian region and the Eocene species of the same genera.

MORPHOLOGY OF TIIK IHADREPORARIAK CORAL SKELETON^.

The following account of the }trincipal. elements of the coral skeleton

is intended as explanatory of the terms used in the descriptive ^jart of

this paper. No new elements of structure are described herein, but the

material used in illustration has been drawn as largely as pos,sible from

hitherto unstudied genera and species, so that this \niYt of the paper would

increase our knowledge of some corals, while serving the purpose for whicli

it is especially intended.

The two most important papers on this subject are von Koch's Das

Skelett der Steinkorallen, eine morphologische 8tudie,^ and Miss Maria M.

Ogilvie's ]\[icroscopic and Systematic Study of 3Iadreporarian Types of

Corals." Miss Ogilvie has also published many of her observations

in her monograph Die Korallen der Stramberger Schichten." Wilhelm

Volz has given a general account of the subject in his Die Korallen der

Schichten von St. Casian in Siid-Tirol.^

Besides these workers, many others have made I'areful observations on

the microscopic .structiu-e of the coral skeleton. Their works will be

referred to as occasion requires. One work, which initiated microscopic

'Festschrift fiir Carl Gegenbaur, Leipzig, 1896, Verlag vou Wilheliu Eugelmanu.

Philos. Trans. Koyal Soe. London, Series 15, Vol. CLXXXVII.
aPala-ontograpbica, Snijplcmeut II, Sect. VII, 1897.

^ Palaioutographicii, Vol. XLIV, Nns. 1 aud 2, 1896.
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research into the hard parts of corals, should receive special mention. This

is Pratz's memoir, entitled Ueber die verwandschaftlichen Beziehungen

einiger Korallengattungen mit hauptsachlicher Berlicksichtigung ihrer

Septalstructiu'/

ORIGIN OF THE CALCAREOUS DEPOSIT.

The first question concerning the skeleton of corals that engages one's

attention is the origin of the calcareous deposit. Von Koch, in Ueber die

Entwickeluno- des Kalkskeletes von A.steroides calvcularis und dessen mor-

phologischer Bedeutuug, first showed that the calcareous substance is origi-

nated by the ectodermal layer. He also considered the skeleton to be secre-

ted by the ectoderm and not formed by the calcification of it. The latter

question has been much debated. Von Heider has maintained that the

skeleton originates by an actual calcification of the cells,^ and believes that

he has recognized calcareous granules within the cell walls. Bourne doul^ts

the accuracy of this observation and gives another interpretation of the

phenomena.^ Miss Ogilvie has strongly supported the view of von Heider.

She has a rather lengthy discussion of the subject in her description of the

septum of Galaxea.* Tht) following extract shows the character of the ulti-

mate proof given by her:

It has been frequently mentioned by writers on corals tliat organic remnants

after removal of the polyp, may be fouiid on tbe skeleton. Wherever on the surface

I found such remnants, they consisted of calicoblasts which showed, in shape, size, and
contents, the varieties already drawn by Von Heider. The cells were round, or obovate,

Tbe contents varied from yellowish organic cell material to the inorganic fibrous condi-

tion. Comparison of my own observations on several corals with the figures given by
Von Heider, left uo doubt that the isolated skeletal element was a calcified calicoblast cell.

The italics are Miss Ogilvie's.

Further on,° in speaking of the dark bands of the growth lamella^ of

the septa, she says:

The highest magnifying power never displays any structure in the case of points

or bands that appear dark, but only shows a general amorphous substance, which I van

only regard as the carbonized residue of the originally unchanged organic parts of the

calicoblasts.

' Palii'ontographica, Vol. XXIX.
= Sitzung8b. K. Akad. Wiss., Wien, Vol. LXXXIV, Sect. I, Dec. No., 1881, pp. 652,653, 658. Von

Heider, in this paper, names the skeletou-forming cells calicoblasts.

^ Quart. Jour. Microsc. Sci., Aug., 1897, pp. 25, 26.

< Microscopic and Systematic Study of Madreporarian Types of Corals, pp. 114 to 117.

•'Ibid., p. 127.
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Miss Ogihne has presented no evidence that these calcareous pi'oducts

of the coral animal contain organic cell material, or that, there is " a car-

bonized residue " in the skeleton. Our knowledge of the origin of the

skeletal matter has not, therefore, been advanced by Miss Ogilvie's research.

In working over my own thin sections, I have seen practically all the

phenomena desciibed by Miss Ogilvie, but as yet I have been unaljle to

institute a seiies of rigid tests to determine their meaning.

After this paper had gone to press, Mr. Gilbert C-. Bourne's Studies on

the Stiiicture and Formation of the Calcareous Skeleton of the Anthozoa^

came to my notice. A resiun^ of Mr. Bourne's paper can not now be

given here. He proves effectively that the skeleton of the Madreporaria is

not originated hy the calcification of ectoderaial cells, but that it is secreted Ini

the calicoblasts.
THE BASAL PLATE.

In those corals that are originally attached to some basal object of

support, the first-formed skeletal part is the basal plate. This was first

discovered and described by von Koch in his study of the development of

Asteroidea cahjcularis.' He secured young larvae on bits of cork, and

observed that the building of the skeleton is begun by the larva forming

" a thin circular plate, composed of round or elliptical crystal elements

(Krystaldrilsen), which originally have openings between them, biit these

soon become filled out through a further secreti(m of lime bv the ectoderm."^

Von Koch states that "this first thin little plate is later more and more

thickened through a more or less clearly laminated deposit of new substance

by the ectoderm, and not seldom, even in old grown skeletons, it can still

be clearly shown in sections through the principal axis of the polyp." * In

examining young attached sjiecimens of corals, evgn fossil, the basal plate

can sometimes be clearly distinguished. PI. XXI, fig-. 12, shows a very

young stage of Bliectojjsamniia claibornensis, in which only the basal ])late

and a few septa have been developed. Quite frequently, by Ijreakiug a

young attached coral from its object of support, the basal })late may be

seen on the originally attached end of the coral. Theoretically it can not

Quart. Jour. Microsc. Sci. (N. S.), Vol. XLI, Pt. IV, No. 1G4, Jan., 1S99, pp. 499-547, pis. sl-xliii.

- Uelier ilio Kutwickelung- des Kalkskeletcs von Asteroides calycularis uud dessen morpbologi-

sclier Bedeutuiig: Mittli. Zoolog. Statiou zii Neajitd, 18S2, I'l. Ill, pp. 284 to 292, pis. xx, xxi.

'•' Das Skelett der Steiukoralleu. Gegenbaur Kestschiil't, p. 253.

* Op. ot loc. 8up. cit.
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be doubted that at first all corals possessed a basal plate. It seems that in

some corals it has been suppressed, and the formation of the skeleton begins

with the building- of the septa. Such a condition has been described by

Lacaze-Duthiers for Balanophyllia. ^

THE EPITHECA.

The discussion of the epitheca can best be introduced Ijy another

quotation from von Kochr "The epitheca is secreted by the outer sur-

face of the pallium and is, as this passes directly into the foot, a continua-

tion of the basis (basal plate), and is separated therefrom in that it does

not rest upon an object of sui)port (Unterlage), but makes an angle with

this (which may regarded as a plane)." The epitheca is a coating laid

down on the outside of the corallum over the ends of the septa and costaj

and on the outside of the wall. It presents numerous conditions; it may

be transversely wrinkled, covering the whole outer surface of the corallum;

it may be highlv polished, or it may be present as occasional threads or

shreds encircling some coralla at various levels. The height to which the

epitheca rises on the outside of the corallum is usually considered to be an

indication of the distance the soft parts extended down the outside of the

corallum. (See PI. I, fig. 1.) If the polyp invested the whole corallum,

there would be no epitheca; if, when distended, it reached almost to the

base, there would l^e only a little epitheca; if the animal did not protrude

itself beyond the calicular cui), the epitheca would reach to the calicular

margin—the epitheca keeping pace in its growth with the gradual eleva-

tion above the base of the lower edge of the soft parts of the animal. To

how great an extent this is proved I am not prepared to say. Ogilvie* says:

"The epitheca is an external basal structure laid down at the angle of the

aboral wall, where it bends toward the oral or peristomal region of the

polyp" (figs. 22, 36). Moseley has proved, from species of Flabellum

collected during th(! Challenger Expedition, that the soft parts do not extend

beyond the edge of the cup.* This fact may be correlated with the

epitheca extending to the upper edge of the corallum.^

1 Arch. Zool. Exp., .Sd ser. Vol. V, 1897. I bave been unable to consult this paper, and base my

reference to it on Bernard's paper in Jour. Linn. So(^, London, Zool., Vol. XXVI, 1898, p. 512.

-Op. Blip, cit., p. 254.

'Micros, and Syst. Stud. Mad. Types of Corals, p. 2^8.

•Deep sea corals: Challenger Reports, p. Ifi2.

"Fowler thinks that the polyp <>f FlnheUum patagonicum, when fully distended, covers the upper

fourth of the outside of the corallum. (.Minrt . .lour. Microsc. Sci., Vol. XXV, October, 1885, p. 586.
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Very few observations on this point are known to me, and I have had no

opportunity to make any myself. Ogilvie' considered the tliick extrathecal

deposit hxid down by many Turbinolids as epithecal in nature. The septa

and wall in many corals are externally increased in size and thickness from

the outside by the activities of the protruding soft parts. An example is

JEusmilia knoni, and the render is also referred to the description and figure

of Paracyatluis alternatus, page 105, PI. VIII, figs. 11 and 14, and of Cary-

ophylUa daUl, i)age 110, PI. IX, fig. 2. If the definition of epitheca given by

Ogilvie is to be retained, it seems to me very doubtful whether such nn

external deposit as that described for these species can be considered epitheca.

This question will be alluded to again in discussing types of walls.'^

PI. I, fig. 2, shows how the epitheca of Mauicina is laid down on the 2iro-

jecting outer ends of the septal trabecule. The microscopic structure is

quite diiferent from that of the septa and wall, but resembles that of the

dissepiments. The minute calcareous fibers do not show a definite grouping

around certain clearly recognizable points, centers of calcification, but are

placed normal to the epithecal surface.

SEPTA.

The basal plaie was descriVjed first, because it is the first part of tlie

skeleton formed, and the epitheca next, because it is considered the morplio-

. logic continuation of tlie former. After the basal plate, the septa are the

skeletal structures next formed.

In order to introduce the discussion of the septal structure, the septa

of Maniciiia areolata (Linn.) will be described in considerable detail.

STRUCTURE OF THE SEPTUM OF MANICINA AREOLATA (LINN.).

Exainined macroscopically, witli the aid <>f a hand len.s, tlie septum

exhibits on the lateral face a large number of elevated striae that run from the

wall to the se[)tal margin. Tlie strire on the inside of the wall pass upward

and inward, i. e., the inclination from the perpendicular is towai'd the inside

of the calice; on the outside of the wall the stria? at first pass upward,

bending outward, but soon come into an almost horizontal position. This

Hue, away from which the stride diverge, is called the area or line of diver-

'Op.cit., p.2.50.

= Bernard, in the paper already alluded to (pp. 504, ,")05), has ^iven an accurate and detailed

account of the epitheca. His statements are in accord with the conclusions of von Koch.
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gence. When the septum is viewed with the edge toward one, the strife are

seen to be perfectly symmetrical with reference to the median plane of the

septum, one stria standing exactly opposite another. Along the course of

each stria are some rather pointed granules. Each pair of opposite striae

ends on the septal margin in a distinct, rather pointed, tooth.

The septum maybe divided into two parts: First, that witliin the wall,

the intrathecal portion, or what is usually understood by the septum ; and

second, the extrathecal portion, or what is usually called the costa. The

inner ends of the septa become modified into lobes, called pali.

SECTION PARALLEL TO FLAT SURFACE OF SEPTUM.

(PL I, fig. 2.)

Such a section passes radially through the longitudinal axes of the

striae and permits a study of their minute structure. The distance across

the stria> is not alwavs the same. They are narrower at the line of diver-

gence, and become wider as they pass away from it. As the septal edge

is approached, new strife are quite often introduced between the old. The

distance across four striae near the line of divergence measures 0.655 mm.,

or an average of about 0.16 mm. At the edge one stria may measure

0.374 mm. across. Along the axis of each stria is a series of darkish or

clouded bodies, and crossing the axis are angular lines with tlie apex of the

angle directed distally. A pair of opposed striae is a septal trabecula; the

dark bodies along the axis are along its axis of calcification; the lines alluded

to as crossing the trabecular axis are the lines of trabecular growth, aud are

formed parallel to the growing edge of the trabecula. Between the trabec-

uljB are dark lines indicating the lines of their fusion. Examined more

closely, minute calcareous fibers that diverge distally from the axis of the

trabecula are seen. The dark line of the trabecular axis is composed of a

series of roundish bodies—there are about three in the space of 0.032 mm.,

although they may be slightly more crowded. The fibers converge prox-

imally to these dark points, which mark the axis of the calcification.

CROSS SF.CTION OF SEPTUM.

(PI. I, fig. 3.)

In this section the trabeculse are cut across, and one looks down upon

the ends of their axes. There is no necessity to give measurements of

the distance from one axis to the next, as, unless the trabeculai are cut
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exactly perpendicular to their axes, the measuremeuts will Iw niisleading.

The figure well shows the appearance of the section, but much of it has

no structural significance. The axis of the trabecula in cross section is

either a dark- or a light-colored point. Surrounding this point is a con-

centric light-colored area, which is composed of calcareous fibers that radiate

outward, like the spokes of a wheel, around the central point. In many

instances the fibers converge at one point, but in some cases there seem to

be several points, two or three, very closely crowded together, each with

its group or fascicle of fibers. Thu first condition is the usual one; the

latter is the exception. Running concentrically around the centers and

crossing the fibers are very fine, alternately darker and lighter bands—the

growth lamella?.' Outside of this lighter area and surrounding the trabeciilar

axis the figure sliows a darker area. This darker area has no structural

importance. The difference in color is due simply to difference in condition

of preservation. A suture indicating the line t>f fusion lietween adjacent

trabeculse can be distinctly seen between nearly all the trabeculte. The

granulations on the surface are produced by some fibers passing outward

beyond the general surface of the septum.

All septa whose structure has been studied have been found to be com-

posed of trabeculae more or less completely fused. The various methods

of trabecular formation will be briefly outlined.

As yet it has not been determined to what features of structure the

greatest systematic weight should l)e given.

THE AREA OR LINE OF DIVERGENCE.

Itwas pointed out in describing the structure of the Manicina areolata sep-

tum that the trabecular on one side of the line running parallel to the longi-

tudinal axis of the septum bend toward the interior of tlie corallum, while

on the outside of this line they bend toward the outside. The width of the

zone on either side of this line is variable, and in some instances the exter-

nal one may be very narrow or suppressed altogether. The external zone is

usually narrower or suppressed in coral> that have a small costal development,

with nonexsert septa, or those with septa rouHuent from one calice to the

next. The outer zone is very narrow in Flabellum, and in Mesomorpha

duncani (PI. XVIII, fig. 10) there is no line of divergence for an individual

I Cf. Ogilvie, op. cit., pp. Ill, 112.
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septum of one calice. The trabeculae in the last-mentioned coral pass

upward and slightly inward from a vertical line that indicates the limits

between two adjoining calices. The line of divergence in highly arched

septa, such as is the case in DicJioccenia stokesi M.-Edw. and H.,^ often coin-

cides with the vertical axis of the arch.

Thus, it seems that the relations of the septal zones, one on each side,

to the line of divergence depends on certain mechanical conditions In a

septum with a nonexsert margin and a small costal development, one would

expect the outer zone to be narrow or even suppressed altogether.

SIMPLIO AND COMPOUND TRABECULAE.

A simple trabecula may be defined as a trabecula composed of a single

series of simple calcification centers. Compound trabeculae may be of two

kinds. The Mussa septum may be taken as an illustration of the first." A
trabecula does not arise at a line of divergence running parallel with the

longitudinal axis of the septum. The septal margin presents large spini-

form teeth. Each one of these teeth nossesses its line of divergence, so

that each tooth has a structure analogous to that of such a septum as

Dichocoenia (Galaxea is the coral with which Ogilvie draws comparison).^

These compound trabeculee have their origin at a line of divergence corre-

sponding in position with the wall. The second type of the compound

trabecula may be illustrated by Orbicella (Heliastraea, auct.). Ogilvie has

described the struct^ire of the Orbicellan septum in her work already

quoted (pp. 139-146). It differs from Mussa in having smaller compound

trabeculse, and a calcification center is sometimes composed of groups of

fascicles which radiate outward from difterent points in the center. The

calcification center itself is compound. To enter into an elaborate discus-

sion of these features is somewhat beyond the purpose of this resume'.

DIRECTION OF THE TRABECULyE.

The inclination of the trabecular with reference to the longitudinal axis

of the septum is extremely variable. In many corals the angle between

them is at first small, but as growth proceeds the inclination becomes

greater. (Compare PI. I, figs. 2 and 4.)
_^ «

' See p. 140 of this paper.

2 Ogilvie, Microsc. and Syst. Stud. Mad. Types of Corals, pp. 128-139. Cf. fig. 14, p. 123.

^ Ogilvie uses the word homologne where I have used analogue. Her use of the word homologue
seems to me loose.
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There is every stage Ijetween this condition and one in which the

trabeculai pass horizontally niward (cf. Platycojuia, p. 150 and PI. XVII,

fig". 9a, of this paper). Miss Ogihne describes a similar one for Turbinaria

(see op. cit., pp. z03-211). Still other instances might be cited, but these

serve as examples.

WIDTH OF THE TKABECUL^.

The trabecuhie of different corals are of varying widths. In the

same septum the trabeculse are narrower at the point of their origin, and

become wider as they increase in length. The width of the trabecule is

extremely important, because it is one of the factors that determines the

character of the septal margin. The smallest that I have measured are

those of Haimesiastrcea conferta, which have a width of 0.016 nnn., and

those of Eusmilia knorri, which have a width of 0.048 to 0.069 mm. (PI. I,

fig. fi). Ogilvie says that the trabeculse of Goniastrnea "so far as they

can be clearly distinguished, have a diameter of 0.03 mm. to 0.04 mm."

"At the same time the surface ridge has a diameter of about 0.15 mm."^

The diameter of the trabeculse in Manicina has already been stated to

be from 0.14 mm. to 0.374 mm. A single trabecula in AntUUa: ponderosa

(Duncan), from Bowden, Jamaica, may measure 0.83 mm. in diameter;

0.55 mm. is not at all large for one. (See PI. I, fig. 4.)

INFLUENCE OP WIDTH OF TRABECULSE ON THE DIRECTION OP THE CALCAREOUS
FIBRO-ORYSTALS.

Ogilvie has frequently stated that in such corals as Euphyllia the

fibro-crystals stand almost perpendicular to the median septal plane.^ She

does not seem to have studied Euphyllia, herself, but refers to Bourne's paper

On the Anatomy of Mussa and Euphyllia and the Morphology of the

Madreporarian Skeleton.^ I have not studied Euphyllia, but have studied

Eusmilia. PI. I, fig. 5a, shows how tlie fibro-crystals converge downward

along the axis of a trabecula. The cross section (PI. II, fig. 2) shows the

fibers with an arrangement more or less perpendicular to the median septal

plane. There also seems to be a plane center of calcification—i. e., calcifi-

cation along a plane. The latter is merely an appearance. In the cross

section the trabecular axes can be distinguished as in Manicina, though not

so easily. They measure about the same distance across in Ijotli the radial

1 Ogilvie, op. cit., pp. 148, 149. - Op. cit., pp. 160, 161. ^ Quart. Jour. Microsc. Sci., Aug., 1897.
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and transverse sections. When the trabecular axes are very close together

and the septa are quite thick, after passing a slight distance away from the

axis, by simple mechanical crowding, the fibers must necessarily be almost

parallel one to another, and near the area of divergence they stand perpen-

dicular to the median septal plane; exterior to the area of divergence they

diverge outward, interior to it they diverge inward. It seems to me that

the arrangement of the fibers of a septum is a function of the size of the

trabeculjp, thickness of the septa, and the trabecular inclination, and that

it has no importance except when taken as an index to some other character

of the septum.

COMPACTNESS OF SEPTA.

If the trabeculse composing a septum are continuous and fuse com-

pletely, a cojnpact septum is the result ; but sliould the continuity of a

trabecula be broken, or should the fusion between adjacent trabeculae

be incomplete, septal perforations are produced. The greater number ot

corals described in this paper have solid septa. PI. XXI, fig. 7, Eitpsammia

elahomta, and PI. XXIII, fig. 3, Turhinaria (?) alahamcnsis, show corals

with perforate septa. Pratz^ has described in detail the structure of several

perforate septa, viz, Cyclolites, Astrjeomorpha, Leptophyllia, and his so-

called Thamnastrsea. We may inquire a little more closely into the causes

which produce a compact or perforate septum. In all of the septa whose

structure I know the fibro-crystals as seen in longitudinal, tangential, and

radial section pass outward from the median septal plane and converge

proximally (downward) along the trabecular axis. In order that the fibers

of adjacent trabeculse may unite, they nuxst possess a certain lateral elon-

gation as they diverge from the trabecular axis. Very often the fibers

bending outward from the trabecular axis must be longer than those passing

along the axis to the next calcification center. If the calcification centers

are elliptical or elongate in the direction of the axis of the trabecula, complete

fusion will be fiicilitated. Among some corals^ the fibers are often not

long enough laterally to meet those of the next trabecula. The consequence

is compact trabecular, whicli fuse where calcification centers are opposed,

but pores are left in the interspaces between the trabeculae where

no calcification centers stand opposite. When septal pores are formed in

I Op. et loc. cit.

'Cf. Pratz'8 fig. 4 of a septum of Cyclolites, section parallel to the flat surface of the septum.
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this way, they may exist near the septal margin, but as the coi'al increases

in ag-e they may be completely closed by further growth of the skeletal

elements.'

Tliere are instances in which septal pores are produced by the discon-

tinuity of the trabeculse. Miss Ogilvie^ says: "The irregular shape of the

septal pores in Eupsammia is due to the fact that the growth parts of one

trabecula may be disconnected, and also the growth parts of adjacent

trabeculo:?." Attention is called to the same condition in Balauophyllia and

Endopachys described on pages 163 and 189, respectively, of this paper.

SEPTAL MARGINS.

The usual descriptive terms applied to the margins of septa are

smooth or entire, finely dentate, coarsely dentate, spinose, etc. The char-

acter of the jnargins may be traced to two causes. Oiie is the trabecular

structure of the septum, and the second is the mode of trabecular growth.

The general statement may be made that a septal dentation is due to a tra-

becular axis projecting beyond the curve that limits complete trabecular

fusion.

Septa with so-called entire margins may be divided into three classes.

The first are those with septa composed of trabecular, that are formed

parallel to the septal margin. Platycoenia (see p. 150) has the trabeculas

directed horizontals^ inward; therefore the upper septal margin is smooth,

but the inner margin is dentate. The second type of entii'e margin is illus-

trated by Flabellum. The septum is composed of ascending trabeculse,

Imt the axis of the trabecula grows no more rapidly than tlie nonaxial

portion, and the resultant form of margin is a continuous curve. Occa-

sionally, in Flabellum or Trochocyathus, a trabecular axis may project

slightly and form a crenation. Tlie crenate margins will be discussed later.

The third type of smooth margin may be illustrated by Eusmilia. The
trabecular constitution of the septum has already been descril^ed. The
smooth margin in this instance is due to the extremely minute size of

the trabecuki?. Pectinia and probably Haimesiastmea are other instances.

The septa of 1\ ni(Bandritcs reall}" have very minutely crenate margins.

An examination of a thin section parallel to the flat surface of a septum

'Koby, Mou. polyp, jurass. de la Suisse: M^m. Soc pal. Suisse, Vol. XVI, ]i. .557.

= 0p. cit.,p. 19G.
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showed distinct lines of growth crossing the trabeculae. in a crenate

fashion.

Crenate margins are due to the projection of the axial portion of the

trabecula, but the fibro-crystals terminate along a rounded curve. The

curve is sometimes a semicircle, the center being below the, trabecular

apex.

It should be noted here that in corals which typically have septa with

entire margins, the fusion of the trabecula?. may not always keep pace with

their s'rowth, and thus sometimes a trabecula or several trabeculae may pro-

duce a dentation composed of one or several trabeculge. Caryoplujllia dalh

(PI. IX, fig. 2c) and Parasmilia lucloviciam (PI. IX, fig. 9) are illustrations.

Quite often young septa may have dentate margins, while the margins of

the older septa may be entire (cf Endopachys).

Septal dentations are of two kinds. The first is typified by Galaxea or

Manicina. Each trabecula ends on the septal margin in a distinct simple

tooth. The amount of prolongation of the teeth is variable. In the former

genus the teeth are quite short, while in the latter they may be rather long.

The second kind forms the coarsely toothed or spined septa. Mussa is prol^a-

bly the best illustration. Each compound trabecula forms a large tooth

or spine, and each minor component trabecula of the compound trabecula

has its minute dentation on the large one. PL I, fig. 4, illustrates the

dentation of a septum of Antillia ponderosa (Duncan) from the Bowden

beds (Oligocene) of Jamaica. There are large teeth, each of Avhich possesses

secondary dentations corresponding to the constituent trabeculse.

LATERAL ORNAMENTATION OP SEPTA.

This subject is best introduced by considering the structure of granula-

tions. Oo-ilvie has given a thoroughly satisfactory treatment of these.

They are fonned by the projection of fiiscicles of filjro-crystals beyond the

o-eneral septal surface. A granulation may coiTespond to one or to several

combined centers of calcification; in fact, a gi-anulatiou may be derived in

part from the calcification centers of several trabecule.

The arrangement of the granulations on the septal faces corresponds to

the courses of the trabecule, but is sometimes due to the fact that a granu-

lation is formed from calcification centers belonging to several trabeculse.

The trabecular courses may not be easily recognized at first.
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Miss Ogilvie lias divided sejjta, accordiug to tlieir ornameutation, into

two classes—(a) striated septa; (b) ridged septa. The descrijitive terms

indicate the character of the ornamentation. The striae or tine lines on

Turbinolia, Eupsamniia, and some other septa (see Trochocyathus hmuUti-

formis, PI. VII, iig. 4; D'lscoirochns orhif/tiianus, PL V, fig. 19a; and description

of Dichocoinia stokesi, p. 14U) are due to simple trabeculie, which often have

elongate g-ranulations placed along their courses. A particularly good illus-

tration of a striated septum is TrochosiuUhi ////// Vaughan.' Ridged septa

are due to the septa being composed of compound trabecula-. Such a

trabecula is thicker along its axial portion and thinner on the sides. The
result is a ridge of greater or less width, corresponding to that of the com-

pound trabecula. The graimlations of such a ridge follow the distribution

of the calcification centers. The genus Mussa is a good illustration of septa

of this class. Attention is especialh' called to (_^gilvie's work alreadv cited.

The striaj or ridges present different characters in different corals.

They may vary in the sharpness of the summit and also in Avidth, and stride

may be opposite or alternate in ])osition. Simple d(iscriptive adjectives

readily suggest themselves for the characterization of these features.

(3gilvie does not take into consideration all of the classes of sejita that

may be recognized. In Paracyathus, for instance, though the septa show

striaj around their upper edges and enable one to discover the direction of

the trabecular, deeper down in the corallum the granulations have fused

from one trabecula to the next to such an extent that thev are often

connected and arranged in curves j^arallel to the septal margin. (See

Paracyatlms helhis, I'l. VIII, fig. 20.) A good descriptive term fm- sucli

septa has not suggested itself.

The ornamentation of the septal faces of Haimesiastra'a (PL XVI, fig. 4)

is peculiar. There are no granulations and no raised stria', but gentle undu-

lations that cross tlie ti'abeculae.

PALI.

Pali are lobes or teeth occurring on or near the inner ends of septa,

and possess some recognizable differentiation from the main body of the

septum. Trochoci/afhus lunulitiformiH, PL VII, figs. 4 and 8; T. hiiatli, PL VI,

fig. 20; Paracyatlms aUernatus, PL VIII, fig. 11a; CaryophyU'td da/li, PL IX,

I Bull. Mus. Comp. Zool. Harvard Coll., Vol. XXXIV, 1899, p. 233, pi. xxxvi, fig. 4.
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fig. 2b; OcuUna vkhsburgensis^ PI. X, fig. 8a; and Cmlohelia wagneriaua, PL

XII, fig. 19b, indicate diff"erent kinds of pali. In the cross section of

paliferous corals the ])ali may usuallj^ be recognized by the modified

thickened inner ends of the septa. PI. VIII, fig. 7, Trochocyathus dtteU, is

an ilkistration of this.

The treatment of these structures by von Koch is so brief and excel-

lent that it is quoted in full:

The pali (or Pfiihlchen) are. not equal in value to tlie preceding skeletal iiarts

but can be con.sidered simply as appendages, differentiations of tlie septa. Tliis has

long been known of the so-called false pali (Cladocora, etc.); for one can here easily

see on the grown skeletons that the palus is only a lobe divided from the septal surface

by an indentation of greater or less depth. I believe that the same is also the case

with the so-called true pali; at least this can be proven for CaryophijlUa cyafhus,

which serves as the type of corals with true pali. There the young skeletons of less

than 24 septa possess no distinct pali (fig. 5). First, after this stage, they occur,

and then indeed as indistinct (unverkennbar) lobes of the sejita, thus as false pali

(PI. I, fig. 13), and first on old, thickened skeletons do they appear in that individ-

ualization which the much copied and generally known figure of Milne-Edwards

gives.'

The structure of the pali does not differ from that of the septa in any

essential way."
SYNAPTICUL.ffi;.

Syuapticula; are rods or bars that connect two adjacent septa. Exam-

ples of the rod-like forms are illustrated by the drawings of Mesomorpha

duncani (PI. XVIII, fig. 8c) and of StepJianomorpJia monticulifoniiis (PI.

XVIII, figs. <i and 7). The Ixir-shaped synapticulge are typically de^•eloped

in Fiingia.^ Structures similar in character are shown in this paper by

PI. VII, fig. 4, Trochoajatlius hmnUtiformis ; PI. VII, fig. IG, T. dcpressus;

PI. VIII, fig. 20, Pamcyathus hellus; and PI. V, figs. 19 and 19a, Discofrochus

orhigniamis.

Synapticulpe have their origin in the fusion of two opposed granula-

tions or of two opposed combined series of granulations across an inter-

1 Op. cit., p. 259. Von Koch adds in a footnote :
" Nach der gewohnliohen Darstellung sollcn die

Pali in der Kegel deiu ersteu Septeucyclns fehlou. Icli koniite vielfach konstatiren (z. B. bei Caryopli.

riigosa, Morph. .Iahrl>. 1880, etc.), dass die Pali anfaugs vor den Septan des ersteu Cyklus stelien und

bei deu iilteren Thieren vor denen des zweiten.''

- See description of Dichocnnia elolesi, p. 140; Ocitlina diffusa, p. 116; also Ogilvie, op. cit., pp. 149

and 153, description of the palus of Goniastru'a.

^Cf. Ogilvie, op. cit., p. 172, fig. 37.
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septal loculus. The granulations that go to form syuapticulse are iisuallv

more enlarged than the otlier granulations. Pratz recognized two different

types of syuapticuhv, leasing their differentiation upon whether two granu-

lations fuse directly across the interseptal loculus or whether a new center

of calcification is introduced to effect the junction. To the former kind he

gave the name false or i)seudosynapticula?, and to the latter true syuapticulse

or simply synapticulae.' Much has been written about the validity of this

distinction and its systematic value. PI. II, fig. 1, represents a section of

Siderastrea copied from Ogilvie (op. cit., fig. 71, p. 244)." Whether

syuapticulse are true or false seems to depend on spacial relations within the

interseptal loculi. If the septa are crowded or near their inner margins

where their surfaces are close together, the opposed granulations can fuse

directly, one to the other; but if the two opposed septal faces are somewhat

remote, additional calcification centers are needed to effect the fusion. The

figure of Siderastrea shows this well.^ (See PI. II, fig. 1.)

Therefore, in my opinion, whether syuapticulse are true or false is of

no special systematic importance.

THE WALL (THECA).

The wall of a simple coral or of a corallite of a colony is that part of

the skeleton that cuts off more or less completely the interseptal loculus

from peripheral^ commiuiication witli the outside.

The minute structure of the walls of corals is of very many types.

The oldest type is where the ends of the septa did not fuse distally, but

simply had their outer ends bound together by an epithecal covering.*

The figure of Bhedopsammia daibornensis (PI. XXI, figs. 12 and 13) shows

that this coral passes tlii'ough this stage in its early development (the basal

plate and epitheca being considered as homologous).

The next type of wall may be considered the pseudotheca of von

Heider.^ This is formed by the septa becoming distally so much thickeued

1 Op. cit., p. 9 (Vol. XXIX, p. 89).

-For criticisms on tbis subject, see Bernard, Geol. Mag., Mar. ami Apr., 1897, p. 176; and
Vaughan, Bull. Mus. Comp. Zool. Harv. Coll., Vol. XXXIV, 1899, p. 248.

'Von Koch in his Das Skelett der Steinkorallen, p. 260, says in a footnote: "Das Vorkommen
von iichten und uniichten Synapticnla zwischen denselben Septen wurde von mir bei Fiingia nacbge-

wiesen (Fig. 7). Aus dicser Figurliisst sich auch erseben (Fig. 3b), dass blosse Hockerchen der Septen

ein eigenes Krystallisations-centrura besitzen konneu." (Morph. Jabrb., Vol. XVI, 1890, pp. 687-688.)

iSee Ogilvie, op. cit., p. 218, lig. 72.

'Arbeiten aus dem Zoiilog. Inst, zu Graz., Vol. I, No. 3, 1886, p. 178.
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that they fuse together. The following species illustrate this kind of wall

:

Manicina areolata (PI. I, fig. 3, part of figure), Eusmilia knorri (PI. II, fig.

2), Caryophyllia cornuformis (PL II, fig. 3), Haimesiastrtsa petrosa (PI. XVII,

fig. 5), DicJioca'tiia alabamensis (PI. XV, fig. 4b), and others.

The eutheca of von Heider is formed by new centers of calcification

being introduced between the distal ends of the septa to effect fusion. This

type of wall is illustrated by Caryophyllia communis (PI. II, fig. 4), and

Oculina diffusa (PI. II, fig. 5).

There has been considerable difference of opinion among various stu-

dents of coral morphology as to the systematic value of eutheca and

pseudotheca. Therefore I have taken occasion to study the mural consti-

tution of a considerable number of genera, to determine, if possible, the

amount of importance that should be attached to its structm-e.

Caryophyllia communis (PI. II, fig. 4) and Caryophyllia cornuformis (PI. II,

fig. 3) will show that the character of the wall is not of generic importance

unless the genera be separated on that feature alone. I would call special

attention to the difference in spacial relations in these two cross sections.

In the coral where the septa are remote from one another the theca is a true

theca, but where the septa are crowded a pseudotheca is present. Spacial

relations seem to be the determining factor.

PL V, fig. 8, representing a section of Platytrochus stokesi, illustrates

another instance of pseudotheca among the Turbiuolida?. This section is

described on page 74 of this paper and need not be further noticed here.

An examination of the walls of several genera placed by Ogilvie in

her Amphiastraeidse was made because in defining the family she says

"true theca present."^

Pectinia mceandrites (Linn.) possesses in some instances undoubted tm.e

theca, but in others the theca seems false, formed by the fusion of the distal

ends of the septa. Dendrogyra cylindrus Ehr., the type species of the genus,

possesses an absolutely typical pseudotheca. The section of Eusmilia knorri

M.-Edw. and H., is extremely interesting, because in the same slide there are

both true theca and false theca. PL II, fig. 2, is drawn from a place where

false theca is present. In other places the true thecal centers of calcifica-

tion are perfectly distinct and are arranged in lines perpendicular to the

median septal planes. The wall undergoes peripheral secondary thickening,

'Op. cit.,p.334.

MON XXXIX 4:
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i. e., thickeniug external to the calcification centers, throug-li the activity of

the inner face of the edge zone.

I can not be sui'c that Ogilvie would have inclnded Dichocoenia in Her

AmphiastrseidsB, but she probably would have. Its structure is discussed

in considerable detail on page 140, in the descriptive ]iortion of this paper.

The wall is a typical pseudotheca.

The following description of the wall of EuphijUid (/hihrcsceiis (Cha-

misso and Eysenhardt) is quoted from Bourne:^

The centers of calcification are present as conspicuous dark lines running down

the center of each septum. The primary and secondary septa are but slighly thick-

ened toward the peripheral ends, the tbeca being mainly composed of the heads of the

tertiary septa. Fig. 7 shows that in the upper part of the caylx the tertiary septa

project from a stouter thecal piece, the two together forming a T, of which the thecal

portion is the crosspiece. There are no sutures separating the septal from the thecal

portion. Lower down in the calyx the tertiary septa die out altogether, but the cross-

pieces re'presenting their thecal portions remain, and then the section has precisely

the appearance figured by Fowler in Lophohelia. From the relations which obtain in

Euphyllia, I am not disposed to think that the intercalated pieces figured by him are

essentially thecal structures sliarply distinguished from septa.'-

An examination of the walls of a consideral)le number of genera of

the so-called Astra^idse has shown the same variability as in the above-

described Eusmilid genera; therefore it does not seem necessary to describe

the occurrence of eutheca and pseudotheca among them to get at a general

conclusion.

Before stating such a conclusion T wish to note tlie character of the

wall iu Lophohelia proUfera (Pallas).^ This species possesses a true theca,

and has both ento- and ecto-crelic septa and tentacles, according to Fowler;

lOp. cit., pp. 27, 28.

-The following quotation from von Koch (Das Skelett der Stcinkoralk-n, ]t. 265) is apropos in

this connection: "In tier Sti'uktnr der Mauer findet sich ein Unterschicd, der wuhl iu dem Verhiilt-

niss der Septen zu den Parietes und der dadurch modlficirteu Ablagening von Verdicknngsschiehten

seine Erkliirung- findet: Komnien zwei Parietes auf eineu Intersept;ilraum so sind anf deni Qiier-

Bclinitt des Kelches zwischen je ^wei Septen zwei dunkle Trenuungslinieu zu bemerkeu. die ein

Manerstiick ein.sehliessen, das von keincm Septum durchkreuzt wird (sogenannte Eutheca), kommt

ahcr auf einen Interseptalrauni uur ein Paries, so findet sich zwischen zwei Septen uur eine Tren-

nungslinie, und die Mauerstiicke erscheinen nach der Lagerung der Krystallisationslinieu als

Anhlinge der Septen (sogenannte Pseudotheca [fig. 16]). Da das Einschieben ueuer Septen nicht

mit der \'ermehrung der Parietes glcichzeitig zu erfolgen braucbt, so kauu derselbe Kelch in einer

gewisseu Hc'lhe sich nach dein zweitcn.ja es kimnen sogar beideu Typen an demselben Querschnitt

vorkomnien (also Eutheca und Pseudotheca uelieneinander), wenu ein Thcil der Peripherie in seiner

Entwickcluug etwas vorgceilt oder nacligeblieben 1st (Taf. I, fig. 18). Die Theca kaun (lurch spiitere

Ablagerung, besouders ;iuf der ,\ussenseite, sebr verdickt werden (Taf I, fig. 21)."

'Fowler, Quart. .lour. Microsc. Sci., Vol. XXVIII, No. 109, Aug., 1SS7, |>i>.
(i-10.
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there is in each iutei'septal loculus a mesentery (paries), l)ut still, in appa-

rent contradiction to von Koch, the theca is the so-called true theca (eutheca).

From the great variation not only in the same species, but in a section

of a single corallite, no special systematic importance can be attached to

the theca being of the so-called true or false variety. True theca marks

the Anlagen of new septa, as vou Kocli and Bourne liave shown, or occurs

in calices where the septa are distant from one another and their outer ends

are not sufficientlv thickened to etfect peripheral fusion. True theca is

correlated with two factors in the gro\vth of the individual coral—the first

factor is simply a stage in the development of the septa, and the second

is merely that of sj^acial relation. The character of the theca will vAry

with the variabilit)' of these two factors In the case of the first, the

variability will depend upon the retardation t)r acceleration of the distal

and proximal (thecal) i)ortion of the young septum with reference to the

free inner portion, and in the second upon the distance between the septa.

These two factors may be to a large extent functions of each other.

Before ending the discussion of the wall of the so-called " Madreporaria

Aporosa," a few words will be added on tlie wall of the Turbinolid corals.

Ogilvie,' in her definition of the famil}-, says: "A true theca or pseudotheca

is present peripherally; in all cases coalescent with the epitheca." On page

250 she says: "In many Turbinolid* the deposit of calcareous matter on

the outside of the thecal centers of calcification becomes very great, and may
be either compact or show hollow spaces." The character of the epitlieca

in Turbinolids is variable; in Paracyatlms bellus(see PI. VIIT,figs. IC to 18) it

consists merely of occasional encircling slu-eds, while in Flabellum it is closely

applied to the wall, often highly })olislied and porcellanous in nature. There

are many Turbinolids in which there is no vestige of an epitheca, e. g.,

Platytrochus, Discotrochus, etc. I do not see more reason for calling the

external thickening of tlie wall and peripheral ends of the septa of such

corals as Paracyatlms alternatus (p. 10.5) ejntheca than I can for calling the

internal growth of tliese parts by the same naine. In corals possessing an

edge zone the peripheral parts of the skeleton should grow just as those

parts within the wall. If the ej)itheca is formed at the bend between the

aboral body wall and oral body wall, we must try at least to distinguish

I Op. cit., p. 333.
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between the deposits formed at this angle and that laid down by the broad

inner surface of the edge zone.

The relations of the soft parts of the Turbinolida; to the skeletal parts

needs lnl^ch more study, and until such studies have been made we can not

know the homologies of all the skeletal structures of the group. In fossil

species soft parts can not be observed, but comparisons can be made with

recent corals. Sucli a comparative study leads me to the belief, above stated,

that the extrathecal thickening of many Turbinolid corals is formed in the

same way as in Eusmilia, by the inner face of the edge zone applied against

the outside of the corallum wall and peripheral ends of the septa, and is not

epitheca according to the accepted definition of the latter. The fact that dis-

sepiments ^ sometimes aid in the formation of the corallite wall, or assist in

giving it strength, has been noticed by several authors. ~ The wall of a

West Indian Lithophyllia (i. Jacera or cubensis, I am not decided about the

relations and synonymy of these two so-called species) is strengthened by

dissepiments. The relations of dissepiments to the wall of Stephanocoenia

intersepta are described on page 153.

]\Iany corals may have perforate walls, because the septa may not be

uniformly thickened throughout their length in tlie thecal ring, or the fusion

of the septa may not be effected by the introduction of the so-called true

thecal calcification centers. In some Turbinolids, e. g\, genus Turbinolia,

there are regular rows of pores between the costal Pores occur also in

Trematotrochus, and there are intercostal dimples in iit least some species

of Sphenotrochus (cf SpJtcnotrochns nanus, p. 84). Tlic intercostal pores

may not be regular, l)ut only occasional, as is noticed in I'aracyathus hellus,

page 108. Such occasional perforations may occur in almost any normally

impei'forate wall, and have no special significance ; it is only when they

occur constantly that they are of systematic importance.

The walls of such corals as Alveopora belong in the last class. Bernard

has described the structure of this genus with great care.'' The wall is

formed by the fusion of interlocking septal spines.

' For discussion of dissepiments, see p. 53 of this paper.

^ Ogilvie, op. olt., p. 251 ; liernard, On the attiuities of tlie Madreporariau semis Alveopora witli

the Paleozoic Favositicbu: Jour. Ijiiin. Soc, London, Zool., Vol. XXVI, 18'JS, p. 500.

'Loc. sup. cit., pp. 499-500.
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SYNAPTICULAR WALL.

The descriptive term tells how such a wall is formed. The synapticulae

are iisually grouped in a definite zone, so as to form a perforate wall.

Stephanomorpha possesses such a wall. Fungia is a typical example. The

walls of the EupsammidaB are synapticulate (cf. descriptions of BalanophijUia

irrorata, p. 163, and Eupsammia elaborata, p. 182). It is scarcely necessary

to state that the synapticulate and imperforate walls grade into each other.

COLUMELLA.

The columella is the result of an attempt of the coral zooid to build a

central basal support for itself. Three different kinds may be recognized.

First, the false columella is formed by the fusion of the inner ends of the

septa into a more or less compact mass. The variation of tliis class of

columellse is in the degree of solidity— if the septa fuse simply by a few

processes without secondary thickening, the columella will be weak and

spongy ; if they fuse firmly by their inner margins and are then secondarily

thickened, a large strong columella will be the result. Second, the lamellar

columella is where the axial space of the corallite is occupied by a lamella.

Very often it can be shown that this kind of a columella is merely a differ-

entiated portion of some large septum, and such is almost certainly its

origin in all cases.' Third, the true columella is of several kinds. In a

considerable number of genera it is a single style that rises from the bottom

of the calice; in some others it consists of a varying number of rods or

more or less flattened and twisted pieces that have their origin at the bottom

of the calice.

DISSEPIMENTS.

Dissepiments are the thin calcareous partitions by which tlie coral

zooid cuts itself off" from the lower part of the corallite cavity wliich it can

no longer occupy. As growth proceeds along the upper portion of the

skeleton the zooid is continually being lifted upward, and a space below it

is left vacant. Dissepiments are formed to give basal support to the zooid.

The dissepiments are arched, the highest part usually being at tlie wall.

The distance apart is usually quite regular, as it represents the amount of

a growth period."

' Cf. Ogilvie, op. cit., p. 245. 'Ogilvie, op. cit., p. 244.
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If the dissepiments at the end of a growth period are formed in a plane

perpeiidicuUir to the vertical axis of the corallite, they are called tabulae.

The microscopic structure of dissepiments is quite different from any-

thing described in the preceding, excepting epitheca. No calciffcation

centers could be detected in any dissepiments. They are composed of

fibro-crystals standing at right angles to the secreting surface, and show a

more or less distinct Inmination parallel to the secreting surface. An

enlarged section of a dissepiment is shown in PI. II, fig. 6, Tltysanus excen-

triciis, and in PI. II, fig. 2, EusniiUa knorri. These specimens are not quite

so satisfactory as the material I have of Diphr'ta cerehrifoniiis, on which the

above notes are based. The method of growth of the dissepiments is

especially well illustrated l)y the specimens of Haimesiastrma conferta

(PI. XV, figs. () and 8). The formation begins against tlie septal faces and

extends across the interseptal loculus until the two parts meet and fuse. A
distinct suture indicating the ])lace of fusion can nearly always be seen in

good fresh specimens.^

KEIHARKS ON THE CL,ASSIFICATIOK OF CORALS.

The classification of corals is in a most unsatisfactory condition, and

no classification that will stand the test nf tliorDUgh criticism has as yet

been proposed. It would re([uire too niiicli space to review all the systems

that have been sugge.sted. In this jniper the following family names are

used: Turbinolida' (in which family Parasmilia is included), Oculinidte,

Stvl<ii)htiridi\i, Astrangidffi, Astroccenida, Fungida?, Eupsamraidas, and

Madreporida*. The name Astreid;e has properly no i)lace in the classifi-

cation of corals, as there is no genus bearing the name Astrea (see p. 154).

Therefore I have not used it, and several genera that hitherto would have

been referred to it, as formerly understot)d, I have not placed in any family.

The whole classification of corals from l)eginning to end must be worked

over, and in mv opinion manyof tlie old families must be divided into sev-

eral if n( it man's' families. A new classificat i( m must lie leased on a knowledge

of three things; P^irst, the coniparative anatomy or morphology of the corals,

i. e., an intimate knowledge of the skeletal structures and their relations to

the soft parts; second, the post-embryonic development of the corals; third,

' The methods of reiiroductiou .and the combination of zooids into colonies will not be discussed'

as iiny late text hook on paleontology will give a general idea of the subject.
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their succe.s.sioii in geologic time. No one has approached the subject in tliis

manner. Bernard is working along these lines, but his work is not far

advanced. The past classifications have been based on some particular

featvires, usualh' of the skeleton, without reference to the whole structure

and 1 listory of the organisms. The classification of Milne-Edwards and Haime

was based on the gross morphology of the skeleton; that of de Fromentel

on the mode of growth. Duncan based his on a combination of the gen-

eral skeletal featvires and mode of growth, but evidently did not seek to

find what characters were of phylogenetic imjiort. Von Heider and Ort-

mami based theirs on the structure of the wall, which has been shown to

possess almost no systematic value. (3gilvie was carried away by her

researches into the microscopic structure of the septa of corals, mixing with

her results the false princii^les used by Pratz, von Heider, and Ortmann in

their attempts at classification. She has made but small contribution to

formulating a true system of classification. The work of all these, and of

man^ other investigators, has continually added to our knowledge of corals,

until now we understand fairly well the whole make-up of the coral skele-

ton and much of the relations existing between the skeleton and soft parts,

even if there is still a great deal to be learned. As oiu' knowledge of fossil

faunas increases, we know more and more of the succession of the various

species, genera, etc., in time. Therefore, probably jjefore many years, some-

one may be able to give us a classification based on the actual phylogenetic

grouijing of the various genera.

If the above represents the status of the question of classification, it

is evident why I have not adopted or proposed any system. 1 will state

that I believe the family Turbinolida?. shdlild be divided into several

families. Flabellum has not as much in common with Platyti'ochus or

Discotrochus as it has with Eusmilia. I have projected a revision of the

Turbinolid genera, but it is not in a condition for presentation.

. There is no means of determining how many difi'erent types of corals

are represented by the old Astreid family.

Under these conditions the only possible thing to do was to describe

my material with all the care possible, so as to aid in the future work of

rean-anging the various coral genera.
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DESCRIPTIONS OF SPECIES.
Order ALCYONARIA Milne-Edwards and Haime.

Family Ir^ENNATULID^ai: M.-EcIm-. and H.

Genus GRAPHULARIA M.-Edw. and H.

Geaphularia pekplexa (de Gregorio.)

PI. II, figs. 7 to 8b (reproduced from de Gregorio.)

1890. CoralUnni pcrplexum de Gregorio. Mou. de la Fauue eocenique de I'Ala., p. 253,

pi. xliv, tigs. 5 a, b, c and G a, b, c.

"Cor. cyliudraceum Ifevigatum, ad sectionem rotundatuin, lateribus

tenue compressum."

Translation: "Cor. cylindrical, smooth, with round section, sides niuch

compre

M. de Gregorio adds the following observations : "This is a A-ery inter-

esting species, because this genus is xerj poorl}- represented in the Tertiary

sti'ata. The section shows a slightly radiating structure and a kind of cen-

tral nucleus. The external surface is polished; however, it appeared to me

tuberculous, but upon examining it better, I perceived that its irregularities

were produced l)y occasionally attached foreign liodies. I possess only two

specimens."

Neither the locality nor the geological occurrence is given.

Order ZOANTHARIA Milne-Edwards and Haime.

Suborder ZOANTHARIA SCLEIKJDERMATA M -Edw. and H.

Family TURBINC )LI13.F: M.-Edw. and H.
Genus FLABELLUM Lesson.

Flabellum conoideum sp. nov.

PI. Ill, figs. ] to 4.

1894. FlalieUnm coiioidoHm Vaughan noni. iiud. Rept. geol. Ooast. PL Ala. : Ala.

Geol. Survey, 1894, p. 248.

Attached by a small short pedicel. Slightly compressed conical in

shape. No lateral wing or lateral processes. Cross section elliptical,

rounded at the ends of the longer transverse axis, not angular, as is usually

the case with the others of our Eocene species of Flabellum. Obscure

costse correspond to the primary and secondary septa. Lines of growth

are well marked; sometimes corresponding to them are girdling, rather

shallow, depressions. The wall is thin at its upper edge, but thick in its
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lower portion, owiug- to internal calcareous deposit. Epitlieca well devel-

oped, extending to the upper edge of the corallum wall. Septa slightly

exsert, margins entire; inner free portion undulated, sides granulate. In

the adult there are 16 principal septa. Septal arrangement four complete

cycles, members of the fifth cycle appearing near the ends of the longer

transverse axis. In the specimen illustrated in PI. Ill, fig. la, there are 72

septa, which are divided as follows:

First cycle 6

Second cycle

Third cycle 12

Fourth cycle -i

Fifth cycle 24

Total "2

Of the 16 principal septa, 12 belong to the first and second cycles, and

4 to the third cycle. The septa of the third cycle near the termini of

the longer transverse axis join tlie columella. In moderately young speci-

mens, such as illustrated in PI. Ill, fig. 3, there are three complete cycles, and

members of the fourth cycle are appearing near the ends of the longer

transverse axis of the calice. The septa of the third cycle (PI. Ill, fig. 3)

have just reached the columella as thin lamella?. In PI. Ill, fig. 4, these

youngest principal septa have become much thickened. The study of young

forms of this species clearly shows that the explanation given by Semper^

for the number of principal septa in Flabellum, intermediate between 12

and 24, and further amplified by von Marenzeller,^ holds for this species, as

well as for the ones they studied.

The columella is typical for the genus, i. e., is formed by the fusion of

septal trabecular. Calice not very' deep.

'Zeitschr. fiir wis*. Zooloft., Vol. XXIT, 1872, pp. 243 et seq.

2Z.)ol. .Jahrb. 1«87, Vol. Ill, Pt. I, pp. 25-50.
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Measurements of three specimens are as follows:

Greater transverse diameter of calice.

Lesser transverse diameter of calico..

Height of corallum

Depth of calice

2{m.

17.75

u.r,

Mm.

12

9

10

3fm.

10

9

13.3

a PI. Ill, fig. 1. ''PI. Ill, tig. 2.

Localities.—Prairic Creek and Matthews Landing, Alabama.

Geologic occurrence.—Black Bhifif (Sucanioohee) and ^Matthews Landing

(Nalicola) beds.

Types.—United States National Museum.

No other species of Flabellum known to me presents the characters out-

lined above. The subconical form without any sharp angle at the termini

of the longer transverse axis of the calice and complete absence of any

lateral processes are the most salient eharacters.

Flabellum conoideum var. matthewsense var. nov.

PI. Ill, tigs. 5 to 6a.

Differs from typical F. conoideum in having well-developed costa^, cor-

responding to the first and second cycles of septa, but grades directly into

the typical form of the species.

All of the specimens of this variety that were examined have only 12

principal septa each. The ej)itheca is decidedly of the character of that

of F. Irrchi. It is highly i)robable that the latter species is a descendant of

tliis variety.

Locality.—Mattlicws Laiidiiig, Alabama.

Geologic occurrence.—Mattlicws Laiidiug (Naheola) beds.

Types.—From collection of Mr. T. H. Aldrich in tlie LTnited States

National Museum.

Specimens.—In collectioiis of Wagiicr Free Institute of Science, Phila-

del])hia.

Tiie coral oljtained by Mr. Harris from the Midwayan stage of southern

Arkansas, and noted by him in his Tertiary Greology of Southern Arkansas,'

pages 49 and 54, pi. iii, hg. 6, seems from the figure to lie a conical- shaped

Flabellum. The figure shows three cycles of costse, the first cychj being

I Ann. Kept. Geol. Surv. Arl;. for 1S92.
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the iiKist prominent, the second less, and the third the least prominent.

The base is terminated by a small pedicel. The specimen seems to be a

costate variety of Flahellum conoideuin, and prol:)ably is referable to variety

niatfheivstmsc.

The exact locality of tlie specimen was "2 to 3 miles north of Bradford,

on the St. Louis, Iron Mountain and Southern Railway."

'

Flabellum johnsoni .sp. iiov.

PI. Ill, figs. 7 to 7b.

' This species is described from a single specimen. Form triano-ulnr,

cuneate ; attached by a pedicel 2 mm. hig'h. The cross section is subellip

tical, with subacute angles at the ends of the longer transverse axis. No

marginal wings, l)ut the edges are irregular. Costse not prominent, seven

or eight on each face, distinct, but low, with rounded transverse profile.

Very fine girdling lines of growth, some girdling depressions. Septa rather

thick, with granulate sides, arranged in six systems, four complete cycles

and 16 of the fifth cycle in the systems next the ends of the longer trans-

verse axis. Apparent arrangement eight systems of four complete cycles

each.- Interseptal loculi filling with internal calcareous deposit. Columella

f( irmed of septal trabecular Greater diameter, about 1 4 mm.; lesser diameter,

about 10 mm. ;
height, 13 mm.

Locality.—Woods Bluft', Alabama. (C. W. Johnson.)

Geologic occurrence. Woods Bluff bcds.

Type.—Wagner Free Institute of Science, Philadelphia.

The distinct pedicel and few low costse characterize this species. It

probabh^ is an ancestral form of the FlabeUum cuneiforme group, to be

described later.

Flabellum lerchi sp. nov.

PI. Ill, fig-s. 8 to 9a.

1895. i^/a^je/ixw /erc/« Vaugliau nom. mid. Am. Geol.,VoI. XV, p. 217.

189G. Flabellum lerchi Vaughan iiom. mid. Bull. tJ. S. Geol. Survey No. 142, p. 19.

Attached by a very short pedicel, almost sessile. Shape subconical,

cross section elliptical, varying considerably in the amount of comjn-ession.

The external surface is highly polished, the epitheca well developed and

porcelain-like. Corresponding to the principal septa (first and second

' H.arris, op. et loi\ sup. cit.
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cycles) are distiuft subacute ribs. The ribs are so undulated by the Hues

of growth that they have the appearance of a row of pustules when viewed

from the side. Angles at the end of the longer transverse axis oi' the calice

sharp. Septa slightly exsert, usually in four cycles, those of the first tw^o

cycles fusing by their inner margins to form the columella. Sometimes as

many as 18 septa may reach the columella. The number is usually less.

I have not seen any specimen with five complete cycles. Their free inner

portions are thrown into undulations, along the crests of which are granu-

lations arranged in checkered rows. The columella is solid or shows but

few vesicles.
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1845. FlaheUum (?) cuneiforme Lonsdale. Quart. Jour. Geol. Soc. Loudon, Vol. I, p.

512.

1848. FlaheUum cuneiforme Milne-Edwards and Haltue. Auuales sci. nat., 3d

series, Vol. IX, p. 266.

1851. FlaheUum cuneiforme Milne-Edwards and Haime. Polyp, foss. des Terr. Pal.,

p. 32.

1857. Flahelhim cuneiforme Milne-Edwards and Haime. Hist. Jfat. des Corall., Vol,

II, p. 82.

1861. FlaheUum cuneiforme de Fromentel. lutrod. a I'fitude des Polyp, foss., p. 89.

1866. FlabeUum cuneiforme Conrad. Check List, p. 2.

1890. FlaheUum sp. de Gregorio. Mou. de la Faune eocenique de I'Ala., p. 257, pi.

xliv, iigs. 23, 24.

Corallum attached by a short pedicel; shape cuneate, compressed,

especially in the lower portion. Often there is just above the pedicel a

well-marked thoug-h not large wing, which becomes obsolete in the upper

portion of the corallum. Septa of the first, second, and third cycles have

corresponding to them costpe, which are sometimes tuberculous in appear-

ance. The costse are largest on the middle of the lateral faces. Epitheca

fairly well developed, but usually not highly polished. There are girdling

lines of growth, and often encircling band-like depressions. The wall

frequently has a very ii'regular surface, due to encircling lines of growth

and band-like depressions crossing the costfe. The edges of the corallum

are irregular, and as high as the wing extends they are acute. Septa rather

thin, in five cycles of six systems, iifth cycle not always complete. The

appearance is of 24 systems of three cycles each. The first three cycles

form the columella by the fusion of their inner margins. Their sides are

ornamented with granules arranged in checkered rows; inner margin

transversely undulated. Interior of the corallum in lower portion filling up.

Caliee deep. Height of corallum, 24.5 mm. This specimen is represented

in PL III, fig. 12.

Localities.—Claibome, Alabama ; Lonsdale cites Eutaw Springs, Wilming-

ton, and Cave Hall, South Carolina. The varieties are widely distributed

in Alabama, Mississippi, Louisiana, Arkansas, and Texas.

Geologic occurrence. ClaibomiaU Stage.

This species is so extremely variable that it is almost impossible to

characterize it. The following four or five varieties, which at first appear

to be distinct species, can be distinguished.

I saw in the collections of the Geological Society of London specimens

of FlaheUum cuneiforme from Lonsdale's original material. These specimens
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ai'c proljtibly the types. They are easts in a yellow argillaceous liiuestone;

IK) hjcality is o-iven. I was permitted to make rubber squeezes from the

casts, and PL III, fig. 10, represents one of tliem. No further remarks

seem necessary. In tlie United States National Museiini is a cast of u

Flabellum from Eutaw Springs, South Carolina. In size, shape, etc., this

cast agrees in toto with Conrad's FlaheUmu ivailesi. This is intei'esting, as

the specimen comes from one of Ijonsdale's original localities, l^ecause of

the fragmentary character of the material F. cnneifonne was originally based

upon, we can not fix the exact variety of the species that was Lonsdale's

type, but we can be sure that it was eitlier what Conrad called F. wailesi

or a form between var. wailesi au(\ \:\v. pavlijiplnilhini.

Flabellum cuneiforme var. pachvpiivllum Gabb aud Horn.

I'l. Ill, tigs. 11 aud 13 to IS.

1800. Flnbellum pachyphyUum Gabb and Horn. Jour. Acad. Nat. Sci. Phila., 2d ser.,

Vol. IV, p. 388.

1895. Flahellum cuneiforme var. pachyphyllum Vauglian. Am. Geol., Vol. XV, p. 1'13.

189G. Flahellum evneiforme \\\r. pdcliyphylhnii Vauglian. Bull. T". S. Geol. Survey No.

142, p. 48.

This variety may be recognized l)y its compressed cuneate form, rather

thick wall and septa, its smooth external surface, and its poli.shed and thick

epitheca. It passes directly into the form figured in PI. Ill, fig. 18, wliicli

lacks tlie latei'al wings entirely, whose sides diverge at a wide angle, and

approaches the form that I have named var. arut/forme.

Localities—Northwestcm Louisiana, Texas, Mississippi; 4 miles northeast

of Quitman, Clarke County, Mississippi; McLeod's mill, Clarke County,

Mississippi; Wautubbee Hills, Mississippi; 8 miles west of Enterprise, Clarke

County, Mississippi; 10^ miles south of west of Enterprise, Clarke C-ountv,

Mississippi; 4 miles west of Newton, Mississippi; 3i miles southeast of Quit-

man, Clarke County, Mississippi; 2 miles southeast of Hickorv, Newton

County, Mississippi ;Coffeeville, Alabama; sec. 17, T. 18 N., R. 6 W., Bienville

Parish, Louisiana; Pittman's mill, SW. \ of SE. \, sec. 19, T. 19 N., R. 7 W.,

Louisiana; SE. ^ of SE. ^ of sec. 26, T. 19 N., R. 9 W., Webster Parish,

Louisiana, on road from Minden to Mount Lebanon; Rayburn's well, sec.

29, T. 17 N., R. 5 W., Louisiana; Mount Lebanon, Louisiana; Holstun's,

sec. 17, T. 18 N., R. fi W., Louisiana; Bold Mound, 9 miles southeast of
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Jewett, Texas; Elm Creek, Lee County, Texas; San Augustine, Texas; 1

mile below Sliipps Ford, Bastrop County, Texas; Alabama BluiF, Trinity

River, Houston County, Texas.

Flabbllum cuneiforme var. acutiforme var. nov.

PI. III. figs. 11) and 20.

This species lias almost no lateral wings just above the pedicel. Its

form is triangular, and the sides meet at a decidedly acute angle, about 50°.

The basal portion of the corallum is compressed and slender.

Mm.

Greater diameter of calice 26. 2o

Lesser diameter of calice
1'-

Heiglit of corallum ^"^

Lo,3,ities.—St. Maurice, Louisiana; and Mississippi.

Geologic occurrence. LoWCr ClaiborUC.

Types.—United States National Museum.

Flabbllum cuneiforme var. fragile var. nov.

PI. Ill, lig. -'1.

This is a variety found abundantly at McLeod's mill, Suwonlovey

Creek, Clarke County, Mississippi; it presents some peculiarities of

note.
'

The coralla are compressed, attached by short pedicels; a small lat-

eral wing exists on the edges of the lower half of the corallum, above the

pedicel. Low, rounded distinct costfe correspond to every fourth septum.

The epithecfi is not polished, and the impressed lines marking the median

septal planes are nearly always very distinct. The bottom of the corallum

not filled up by internal (lei)osit, as in var. pachyphyUnm. The corrallum is

quite fragile au"d tends to In-eak across along the growth curves. The ^-ariety

is usually smaller than the other ^•arieties, but it grades directly into

pachiphyUum.

\dditionanocauty.—Bakers Bluff, Alabama (collection of T. H. Aldrich).

Geologic horizon.—Claibornian, or immediately below the Claiborne sands

horizon.

Types.—United States National Museum.
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Flabbllum cuneiforme var. wailesi Courad.

PI. Ill, flgs. 22 to 23a; PI. IV, figs. 1 to ;3a.

1855. Fhthellnm wailesi Coiiriid. I'roc. Acad. Nat. Sci. Pbila.; VoL YII, p. 263.

ISOG. Flabellum wailesi Conrad. Check List, p. 21.

1886. Flabellum wailesi f Aldrich. Prelim. Rept. on Tert. Foss. of Ala. and Miss., p. 49.

18!I0. Flabellum irailrsi de Gregorio. Mon. de la Faune (-ocenique de I'Ala., p. 256.

1894. Flabellum tvailcsi Harris. Tert. geol. south. Ark.: Ann. Rept. Geol. Siirv. Ark..

1892, Vol. II, p. 172.

1895. Flabellum. cuneiforme var. wailesi Vaughan. Am. Geol., Vol. XV, p. 223.

1896. Flabellum cuneiforme var. wailesi Vaughan. Bull. U. S. Geol. Survey No. 142,

p. 51.

This variety may be recognized by its size, which is usually larger tlian

the other varieties of the species, by its very thin wall, its very thin septa,

and its thin epitheca. Impressed lines radiating from the pedicel and

corresponding to the septa are seen beneath the epitheca. The epitheca

is frequentl)" broken away. Crossing the ends of the septa are minute

transverse lines of growth, as illustrated in PI. Ill, iig. 23a. Conrad in

his original descrijition mentioned "the imjjressed radiating lines."

The sides usually diverge at a greater angle than is usual in F. cuneiforme.

In the collection of the Philadelphia Acadeni}' of Natural Sciences there is a

variety of this form labeled in maimscript by Conrad "jP. percarinatitiii." It is

subtriangular in outline, is slightly more elongated than is usual in the variety,

and the costa^ in the midiUe of the faces are rather large. A subvariety is

almost conical and ([uite slender. (See PI. IV, figs. 3, 3a.)

Localities.-—Jacksou and Vicksbitrg, Mississippi; Montgomery, Louisiana;

three-quarters of a mile above Vinces Bluff, Saline River, Arkansas; Ham-

maker's well, sec. 8, T. V2 S., R. 9 W., Arkansas: Wadworth's well, Long

Prairie, Arkansas.'

Geologic occurrence.—Jacksouiau aud Vicksliurgiau stages.

This variety of F. nineiformi' bears considerable resemblance to Flabelliun

sedecimcostatum Sokolow.' Dr. Sokolow has kindly compared specimens of

l)oth, and writes me that he finds the following points of difference:

All the specimens of Flabellum from Jekaterinoslaw are more compres.sed from

the sides (von Seiten mehr gedrii(dct) and also more conical; the edges of the calices,

and therefore the lines of growth also, are decidedly less curved than in Flabellum

'Ark. localities, fide Harris, vide op. sup. cit.

-Die unteroligociine Fauua der Glaueonitsaude bei der Eisenbahubriii-ke vou Jekaterinoslaw

:

U^m. du Comit<3 Gcologique (Russia), Vol. IX, No. 3, 1894, pp. 100-101, fig. 13 (in Text), pi. ii,

tigs. 2a, b, c.
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cuneiforme; the ribs of Flabellum sedecimcostatum are somewhat weaker and more of

a size (however, my specimens are more worn). Therefore, it is my opinion that,

although Flabellum scdeHmcotitatum is very near Flabellum cuneiforme, still there is

more of a basis for not identifying these two species.

The comparison is made in S2:)eakiug of the relations between TrocJio-

cyathus discoides Sokolow and TrochocyatJms lunulitiformis (Conrad), (see

page 94 of this paper). The amount of compression of F. cuneiforme var.

wailesi varies much, so that apparently the only basis for separating the two

species lies in the character of the costse. Whether or not this will hold,

must be determined by further work.

Flabellum cuneiforme var. magnocostatum var. iiov.

PI. IV, figs. 4 and 4a.

In the Red Bluff beds, exposed at Garlands Creek, Mississippi, a curious

variety of Flabellum cuneiforme is found. This variety is charactei'ized by
having a thick wall and four or five very prominent costse on the faces. It

grades into forms without prominent costse and with thin- walls, j^assing

directly into var. wailesi.

These varieties of Flahellum cuneiforme occur in a definite geologic suc-

cession, and were it not for the presence of intermediate forms, we should

be obliged to consider them distinct species. They are a series of connected

forms, and we may confidently represent their genetic relations by the

following diagram

:

Red Bluff.

Jacksonian.

Upper Claiborne.

Lower Claiborne.

MON XXXIX 5

Vai'. wailesi. Var. magnocostatum.

Var. wailesii (and probably

typical cuneiforme).

cuneiforme (probably

typical).

Var. fragile.

Var. acutiforme.

Var. pachyphyllum.
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Since F. pachyphyUum is the radical from which the other varieties are

derived, it appears that tlie species should bear that name, and the other

names be referred to varietal positions. The name ctmeiforme is the oldest,

and according to the law of priority it must stand for the species.

It is quite probable that Flabellum johnsoni Vaughan is the ancestral

form of this series.

Flabellum sp.

Prof W. B. Clark sent me six indeterminable specimens of a s^iecies

of Flabellum collected at Aquia Creek, Virginia. The specimens occur in

association with Eupsammia elahoraia (Conrad).

Corallum compressed cuneiform, attached by a short pedicel, with

slightly developed marginal wings above the pedicel. The dimensions of

the two largest specimens, whose outer surface is unfortunately so very

much corroded that its detail is destroyed, are

:

Greater diameter of calice.
I

Lesser diametiT oC calice..

Height of corallum

Mm.

14

9

15

Mtn.

13

7

14+

Distinct costal correspond to the larger septa. The number of the

septa was not determined with certainty, but is about forty.

This may be a new species, but has a resemblance to some varieties of

F. ctmeiforme, especially to the older varieties of that species.

Flabellum mortoni sp. nov.

PI. IV, tigs. 7 to 10.

This is one of the species confused with ^^ Turbinolia" inauris Morton,

in the collection of the Academy of Natural Sciences of Philadelphia.'

Corallum cuneiform, base small, edges and faces converging toward

it; cross section elliptical. The following gives the dimensions of a series:
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Specimens 1 to 3 are the types, and ax'e in the United States National

Museum; 4 to 6 are in the collection of the Academy of Natural Sciences of

Philadelphia.

The outer sm-face of the corallum is covered by a smooth, polished

epitheca; costae may be absent or very slightly developed. In the latter

case they are low, usually flattish, and correspond to the intercostal areas.

The septa in the upper part of a corallum are thin ; in the lower portion

they have undergone some secondary thickening, but apparently not to so

great an extent as in some of the other species, viz, F. cuneiforme var. pachy-

phyllum or F. remondianum. The actual number of septa in an adult calice

can not be made out with certainty because of the infilling of the calices

with foreign material (glauconitic sand) and the decomposition of the septa-

There are about 70. PI. IV, fig. 10, represents a cross section of a coral-

lum. Its dimensions are : Greater diameter, 13 mm.; lesser diameter, 7 mm.

The free margins of the septa show transverse undulations; septal faces

granulate. Columella quite poorly developed, false.

Locality.
—"Upper part of second bed of green sand of Cook, or lower part

of the third, Williams', Squankum, New Jersey." (Meek and Hayden.) The

specimens in the Academy of Natural Sciences of Philadelphia bear on the

accompanying label only "New Jersey."

Horizon.—Shark River beds—probably Claibornian.

Types.—United States National Museum.

This species seems to have as its nearest relative some of the varieties

of F. cuneiforme. Its surface is much smoother, the costse being much less

developed, and none of tlie specimens that I have seen show any marginal

wings.

FLABELLUM REMONDIANini Gabb.

PI. IV, figs. 5 and 6.

1864. Flabellum remondianum Gabb. Geol. Surv. of California, Paleontology, Vol. I,

p. 207, pi. xxvi, fig. 199.

1893. Flahelhim remondianum Boyle. North Amer. Mesozoic Invert. : Bull. U. S. Geol.

Survey No. 102, p. 127.

1896. Flabellum remondianum Vaugban. Seveuteenth Ann. Rept. U, S. Geol, Survey,

Pt. I, pp. 1036-1037, pi. Ixiii, flgs. 1 and 2.

1897, Flabellum remondianum Merriam. Journ, Geol,, Vol, V, pp, 770, 773,

The following is Gabb's description: "Polypidom triangular, convex

on the sides, acute and sti-aight on the lateral margins; sides marked by
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eight or nine prominent radiating- riljs, with reguhxrly concave interspaces.

Upper surface unknown."

Mr. T. W. Stanton collected near Benicia, California, many casts and
• specimens of this species embedded in sandstone. From the study of this

material the following description has been prepared:

Form cuneate, triangular, and compressed; the cross section shows

acute, alajform projections at the ends of the longer transverse akis. On the

sides in the upper portion of the coralluni there are nine subacute prominent

costse, along the crests of which are usually minute tubercles; in the lower

portion of the corallum the costaj are very indistinct. Occasionally between

the prominent costse are fainter ones. The septa in a section of a corallum

that was studied were thin, 78 or 81 in number. There were only 22 of the

fourth cycle, it being incomplete between one septum of the first cycle and

the septum of the second cycle, which corresponds to the middle of one lat-

eral face. There were 32 septa of the fifth cycle, intercalated in the systems

between the primary septa at the ends of the longer transverse axis and the

primaries standing nearest the middle of the lateral faces. Apparently there

are a few members of the sixth cycle in two of the systems next the termini

of the longer transverse axis. The sides of the septa are granulate. Lower

portion of corallum entirely filled by calcareous deposit. Columella parietal.

Longer transverse axis of caliee .

Shorter transverse axis of caliee .

Height of corallum

21

8

Mm.

14

11

Locality.—Army Point, near Benicia, California.

Horizon.—"Martinez and Tejon." (Dr. J. C. Merriam.)

Specimens.—Uuited Statcs Natjoiial Museum.

The character of the costfe and the ahieform projections are the best

criteria by wliicli to separate this species from the triangular varieties of

F. cuneiforme, to which it is closely related.
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Flabellum califoknicum sp. uov.

PL IV, figs. 11 to 12.

Form cuneate, but usually curved in the plane of the shorter transverse

axis of the calice. Attached by a very short j^edicel. Cross section com-

pressed, elliptical. Surface costate; costre not very prominent; five on each

side, slightly larger than the others. Slight girdling depressions. Septa

about 52.

Greater diameter of calice

Lesser diameter of calice

.

Height of corallum

Mm.

12.5

7.5

12

Mm.

12

7

13.5

Locality.

—

Tavo aiid a half miles northeast of Clayton, Contra Costa

County, California. (T. W. Stanton.)

Geologic occurrence.—Tcjou bcds (upper part), abovc coal horizon.

Types.—United States National Museum.

The size and shape of the species, its indistinct costfB, and the usually

curved form of the corallum make it easily identifiable. This is the only

curved species that I know from the Eocene of the United States.

The specimens are poorly preserved, and do not permit all of the details

of the structure to be worked out.

Flabellum khomboideum sp. nov.

PI. IV, tigs. 13 to U.

Shape, subcuneiform; seen from the side its outline subtriangular;

transverse outline of adult, as seen from above, rhomboid; both the edges

and the faces diverge at wide angles. The median portion of the faces is

abruptly swollen, as if it had been pu&hed out from within. Marginal wings

rudimentary or absent. The corallum is attached by a short i)edicel.

There are no costae. The epitheca is very thin, pellicular, and scales oflf

easily; it extends, however, to the calicular margin. When the epitheca is

broken away, impressed lines corresponding to the septa are revealed;

transverse lines of growth arranged en chevi'on. Wall thin and weak.
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Septa thin, weak, with grauuhite sides. The principal septa vary from 20

to 24, between each pair of which there are three smaller septa. Between

each pair of septa there is often a row of small pits.^ Interseptal loculi not

filled with stereoplasm. The columella appears to be a basal deposit laid

down around the ends of the septa, and entirely independent of them.

The columellar substance is merely plastered on the septal margins and

has an independent origin. (See PI. IV, fig. 14.) The columellar space is

not solidly filled.

Greater diameter of calice

Lesser diameter of calice .

Height of corallum

Mm.

19

16

15

Mm.

13

13.5

13.5

12

13.5

Localities.—Red Blufif, and near Shubuta, Mississippi.

Geologic occurrence.—Yicksbiu'gian stagc, Red Bluff beds.

Types.—From collection of T. 11. Aldrich in tlie United States National

Museum.
Specimens.—Uuitcd Statcs Natioual Museum.

Genus ALDRICHIA gen. nov.

Corallum simple, small, elongate, compressed, attached by a very

short and small pedicel. Costre well developed, granulate. Calicular fossa

shallow. The columella in the lower part of the corallum consists of a few

trabeculse that reach across from some septa to those opposite; higher in the

corallum, lobes arising on the inner portion of the septa unite to the septa

and to one another. These pali-like lobes give to the upper surface of the

columella a papillate appearance. There are no true pali, and no essential

columella. Septa very slightly exsert, not very numerous, in type species

18 to 24.

The septal composition, as made out, is as follows:

At the wall a notch divides the inner portion of the septum from the

outside costal portion. This is similar to the condition seen in Platytrochus.

The septa are solid, with granulate sides. Looked at one way, the granules

I These pits are probably for the insertion of the mescuterial muscles.
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appear aiTanged in rows or curves sloping downward and outward from the

columella ; in other places they seem arranged in curves parallel to the septal

margin. But the granules have another arrangement across the curves, and

where each row of granules perpendicular to the margin (in the septal plane)

emerges at the surface is a corresponding dentation. Except near the

columella, the septal teeth are directed out^yard; near the columella, they

are directed inward. In a ground section parallel to the septal face the

calcification centers have one arrangement in nearly horizontal lines or

curves, evidently parallel to the septal margin, and another arrangement in

diverging lines perpendicular to the transverse lines or ciu-ves. The calcifi-

cation centers are nearer together in the lines jjarallel to the septal margin

than in those perpendicular to it. Summing up, the septa are composed of

ti'abeculse completely fused, with an area of divergence situated interior

to the wall, and have dentations corresponding to the points of emergence

of the trabeculse on the septal margin. It should be added that the septal

dentations are not acute, but are rounded.

The origin and character of the columella have already been described.

Wall.—The ground cross section of a corallum that I have studied is

not thoroughly satisfactory, but as the material at my disposal is limited,

this section must suffice. The septa, where they are rather remote, seem to

project through the wall, and between the distal ends a piece is inserted to

eff"ect the fusion. Apparently a true theca is present. But in other places,

where the septa stand near together, it appears that the outer ends of

the septa are enlarged sufficiently to join with each other directly and

form a pseudotheca. Apparently the above is the constitution of the wall,

but it can not be asserted positively that this is correct. The occurrence of

true and false theca alongside each other is not remarkable, as was pointed

out in the introductory chapter on the morphology of the coral skeleton

(13. 491).

Aldriohia elegans sp. nov. ^

PI. IV, figs. 15 to 19.

Corallum small, straight, or slightly curved in the plane of the longer

transverse axis of the calice; elongate; cross section, compressed elliptical;

attached by a small, short, nipple-like pedicel. Some specimens may ulti-

mately become free. The costfe are well developed, granular, rather broad,

those next the edges of the corallum often slightly broader than those on
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the middle of the lateral faces; correspond to all cycles of septa. Tnter-

costal furrows not ver)' deep. Septa from 18 to 24 in number, very slightly

exsert. Their surfaces are beset with small, rather blunt, spines. The

columella is traljecular, and in the lower portion of the corallum is very

poorly developed; in the upper portion it is reinforced by lobes sent up

from the inner ends of the septa. Upper surface papillate. Calice very

shallow.

Greater diameter of calice

.

Lesser diameter of calice..

Height of corallum

Mm.

1.7

1

4.3

Mm.

2

1.25

3.2

Mm.

2

1.75

6

Localities.—Dry Crcck, Jackson, Mississippi ; Montg-omery, Louisiana.

Geologic occurrence. JacksOlliail StagC.

Types.—From collection of T. H. Aldrich in the United States National

Museum; and Wagner Free Institute of Science.

Specimens.—Uiiltcd Statcs Natloiial Museum and Wagner Free Institute

of Science, Philadelphia.

In the character of its columella tliis little species resembles the species

of Platytrochus.

The following observations were made on a specimen with 18 costaj and

18 septa: It is slightly curved in the plane of the longer transverse axis of

the calice, and one side of the corallum is a little more convex than llie other.

Of the 18 costJE 12 persist to the top of the pedicel, and there are faint indi-

cations of 6 on the pedicel. The septal arrangement is in six systems, each

system containing two complete cycles, and there are six se})ta of the third

cycle. The sei)ta of the third cycle arise, one on each side of three septa

of the first cycle. These three septa of the first cycle are the two at the

ends of the longer, transverse axis of the calice and one on the more convex

side of the corallum. Tliis method of intercalation (^f the septa of the third

cycle would make the corallum bilaterally unsymmetrical, i. e., seven septa

would lie on one side of a plane through the vertical axis of the corallum paral-

lel to the longer transverse axis of the calice, and nine would lie on the other

side. In order to maintain the bilateral symmetry, a twisting takes place,

by which one of the tertiary septa stands at one end of the longer transverse
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axis of the calice. As a result of this twisting, eight septa lie on each side

of a plane through the vertical axis of the corallum parallel to the longer

transverse axis of the calice.

In specimens with 24 septa there are three complete cycles in six sys-

tems.

Genus PLATYTROCHUS Milne-Edwards and Haime.

1S4S. riatytrochiis Milne-Edwards and Haime. Annales sci. nat., .3d ser.,Yol.IX,p.246.

1857. Plati/trochiis Milne-Edwards and Haime. Hist. Nat. des Corall., Vol. II, p. 71.

1884. Platytrochus P. M. Duncan. Jour. Linn. Soc, Loudon, Vol. XVIII, p. 18.

The following is the characterization of the genus given in the Histoire

Naturelle des Corallaires

:

Le polypier est simple, droit, cuneiforme et ue presente aucune trace d'adherence.

La columelle est essentielle, fasciculee et termiuee par une surface papilleuse. Les

cloisons sont debordantes, larges, tres-peu inc^gales et fortement granulees lat^rale-

meut. La muraille est uue, mais presentedes cotes de deux sortes; celles qui occupent

le milieu de chaque face du polypier s'elargissent a mesure qu'elles s'elevent; celles

qui sont situees sur les c6t6s sont, au contraire, plus fortes et beaucoup plus larges

vers la base que pres du calice; de sorte que les bords lateraux du polypier sont

presque paralleles.

The first intimation that this characterization of the genus was faulty was

given 1)}^ de Gregorio when he described Platytrochus claibornensis, in his Mon-

ographie de la Faune eoc^nique de I'Alabama. In speaking of the columella

of that species lie says, "Columella ficta, irregulari, palis eflformata." From

a study of longitudinal sections of Platytrochus stokesi and P. claibornensis, I

can assert that the columella is not essential, as both Milne-Edwards and

Haime and Duncan state. De Gregorio is mistaken when he says "palis

eflformata," for there are no true pali.

On the inner margins of the septa there are small pillar-like lobes. The

papillate axis of the corallum, hitherto denominated the papillate termina-

tion of the columella, is nothing but these lobes derived from the inner ter-

minations of the septa. These lobes are inclined hiward, so that along the

inner border of a septum a series of lobes ranged one above another can be

distinguished. As any given lobe would increase in height, due to its incli-

nation, it would approach an axial position. When the lobes approximate

one another closely, they frequently fuse. In some instances appar-

ently the ends of opposed septa fuse across the axial space. In Platytrochus

there is no essential columella, i. e., the columella is not a separate element

of the corallum structure, having an existence independent of the septa.
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The columella in this genus is derived in the same way as in the new genus

Aldrichia described in this monograph. (See PI. IV, fig. 24.)

In the definition of the genus Platytrochus the following modification

must be made

:

Columella false, formed ):>)' the fusion of lobes from the inner margins

of the septa, or by the fusion across the axial space of the inner margins of

the septa.

This necessitates the removal of Platytrochus from the alliance Placo-

trochoida to which Duncan referred it.

The mode of costal increase is very important. This is noted on page

7G, in the description of P. goldfussi.

The following notes on the structure of the septa and wall may be

added:

The septal margin is divided by a notch at the wall into a portion inter-

nal to the wall and one external thereto. The septa are solid, and are

composed of ascending trabecular, whose courses are marked by rows of

granulations. There is a line of trabecular divergence approximately half-

way between the wall and columella. Each trabeciila, where it emerges at

the septal margin, has coi'responding to it a prominent tooth. The teeth are

not especially sharply pointed.

The columella has already been described in detail.

Wall.—In the distal portion of a septum there ai-e several sets of calcifi-

cation centers alongside one another, and between the enlarged ends of the

septa a line of fusion can be distinguished (see PI. V, fig. 8). The theca is

false. In the thin inner portion of the septa there is a single series of calci-

fication centers, and in the thicker distal portion there are several series of

centers.

Platytrochus stokesi (Lea).

PI. IV, tigs. 20 to 24; PI. V, figs. 1, la, and 8.

1833. Turbinolia utokesii Lea. Contrib. to GeoL, p. 194, pi. vi, fig. 207.

1838. Turbinolia st(>l;esii Michelotti. Spec, zoopbyt dil., p. 50.

1S45. Endopachys (pars) Lonsdale. Qnart. Jour. Geol. Soc. Loudon, Vol. I, p. 514,

figs, b and c.

1848, Turhinnlia ntulwuii Broun. Index Pal., p. 131G.

1848. Platytrochus stokesii Milne-Edwards and Haiine. Annales sci. uat., 3d ser.,

Vol. IX, p. 247, pi. vii, fig. 7,
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1850. PlatytroeJms stol-esii d'Orbigny. Prodr. de Pal., 6tage 25, num. 1245.

1851. Platyirovhus stokesii Milue-Edwards aud Haime. Polyp, toss, des Tei-r. Pal.,

p. 29.

1857. Platytrochm stokesii Milne-Edwards and Haime. Hist. Nat. des Corall.,Vol. II,

p. 72.

1861. Platytrochus stokesii de Fromentel. Introd. a I'fitude des Polyp, foss., p. 93.

1860. Platytrochus stokesii Conrad. Check List, p. 2.

1881. Platytrochus stokesii Quenstedt. Kohren- u. Sternkorallen, p. 941, pi. clxxis,

fig. 75.

1886. Platytrochus stokesii Aldricb. Prelim. Rept. on Tert. Foss. of Miss, and Ala.,

p. 49.

1886. Platytrochus stokesii Meyer and Aldricb. Jour. Cincinnati Soc. Nat. Hist., Vol.

IX, No. 2, p. 50.

1890. Platytrochus stokesii de Gregorio. Mon. de la Fauue ^ocenique de I'Ala., p. 254,

pi. xlv, figs. 1-14.

Shape short cuneate, transverse outline elhptical, base emarginate.

Costfe 24, corresponding to all of the septa. The nine costse on the middle

portion of a face converge toward the base, and become narrower as the

base is approached; the marginal costse, i. e., those at the ends of the longer

transverse axis, and those standing immediately next them, become wider

toward the base. The costse next the marginal ones are the larger, and are

very much expanded inferiorly. All of the costse are gi'anular; the seven

in the middle of a face begin as a single row of granules; they later

become tlu-ee granules alongside one another. The eight intercostal

furrows on the middle portion of a face are nearly straight; the furrows

immediately outside of those do not converge uniformly toward the base,

but near the basal end of the corallum usually bend outward. Septa 24,

three cycles. Those of the first and second cycle meet the columella.

The septa of third cycle fuse by their inner margins to the sides of those

of the first. The surface beset with sharp granules. The upper margins

of the septa crenate-dentate and the inner portions undulated. No true

pali present. Columella described in discussing the genus.
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Localities.—Clalbonie, White's marl lied (Monroe County), Lisbon and

Grosport, Alabama; South Carolina;^ Lexington, Lee County, Texas; Bold

Mound, 9 miles southeast of Jewett, Texas; 1 mile below Shipps Ford,

Bastrop County, Texas; Newton and Wautubbee, Mississippi. Meyer and

Aldrich cite Jackson, Mississippi (vide op. sup. cit.).

Geologic occurrence.—Claibomiau iu general.

The distinctive characters of this species will be noted after the

following:

Platytrgchus goldfussi (Lea).

PI, V, figs. 2 to 7.

1833. Turhinoiia f/olflfiifisii Lea. Gontrib. to Geol., p. 19.5, pi. vi, fig. 208.

1838. Turbinoiia goM/Kstiii Michelotti. Spec, zoophyt. dil., p. 57.

1848. Turbinoiia goldfussii Bronu. Index pal., p. 1315.

1818. Plati/trochus gold/iissii Milue-Edwards and Haime. Anuales sci. uat., 3d ser.,

Vol. IX, p. 21S, pi. vii, tig. 9.

1850. Plati/trochus gold/ussii d'Orbigiiy. Prodr. de Pal., etage 25, num. 1245.

1851. Platytrochus [loldfiissii Mllue Edwards and Haime. Polyp, foss. des Terr. Pal.,

p. 29.

1857. Platytrochus qoldfussii Milne-Edwards and Haime. Hist. Nat. des Corall., Vol.

II, p. 72.

18G1. Plafi/froclius (joldfussii de Frpmentel. Introd. a I'fitude des Polyp, foss., p. 93.

1806. Platiitroclius gold/itssii Gonrad. Check List, p. 2.

1890. Platytrochus (/oldfussii de Gregorio. Mon. de la Faune eoccuitpie de I'Ala., p,

255, pi. xlv, figs, 10-20.

Shape cuneate, cross section elliptical, base compressed, usuallv rounded,

sometimes emarginate. Costae rather wide, granulate, from 24 to 36 iu

number. The nine ribs and their derivatives nearest the median portion of

the lateral faces are widest in their upper portions, there consisting of about

three granules alongside of one another; they converge toward the cen-

ter of the base, becoming narrower as they approach it, and near their origin

consist of t)nly one njw of granules. The marginal costaj and those stand-

ing immediately next are wider, are composed of a large member of gran-

ules, and increase iu breadth as the base is approached. The costae next the

median eosta of a lateral face sometimes trifurcate.^ The intercostal furrows

near the middle of a face are straight; those bordering the marginal costje,

and usually those standing next to them (i. e., eight in all, four to each

face), are usually curved in such a manner that their termini approach the

'Specimens in the 5Ju8. of Comp. Zool., Cambridge, Mass.

-Tlie mode of costal and septal increase is tlie same in Platytrochus as iu Sjihenotrochus (see pp.

82-84).
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middle of the base. Septa 24 to 36 in number. Columella with a papillate

upper surface.
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M. de Gregorio lias characterized this species very well. The costse in

this species are very different from those of the two preceding. Through-

out most of theii- length the costaj of P. stokesi and P. goklfussi are made up

of a double or triple row of granules; but those of P. daibornensis, except

next the edges where they are thick and confused, show scarcely any gran-

ulations, and the granules are usually in a single row. The cost^, except

near the edges, resemble very closely those of Sphenoirochus.

The columella in this species is identical in its general characters with

those of the two preceding. In a longitudinal section it is seen that addi-

tions are made to it by paliform lobes, which arise from the septa and are

slightly inclined inward. Later these pseudopali are united to the septa by

cross connections between them, leaving the line of fusion indicated by a

row of holes. Seen from above, the columella has a papillate surface.

Mm.

Greater diameter of calice 3. 6

Lesser diameter of calice 2

Height of corallum 5

Locality.—(Jlaibome, Alabama.

Geologic occurrence. ClaiborUe Sauds.

A grain of sand is frequently included in the base of a specimen.

Geuus DISCOTROCHUS Milne-Edwards and Haime.

1848. Dincotrochus Milne-Edwards and Haime. Annales sci. nat., 3d ser.. Vol. IX,

p. 251.

1857. DiscotrocUm Milue-Edwards and Haime. Hist. Nat. des Corall., Vol. II, p. 76.

1883. Biscotrochus Zittel. Traite de Pal., Vol. I, p. 275.

1884. Discotrochus P.M. Duncan. Revision of the Genera of Madreporaria: Jour.Linn-

Soc, London, Vol. XVIII, p. 30.

" Corallum simple, discoid, free, without any trace of the place of

fixation. Calice somewhat flat, columella fasciculate and papillate on its

surface. Septa slightly exsert. The Vvfall horizontal, naked, and presenting

simple costa?."
^

The wall is, at least in part, a pseudotheca. The columella is com-

posed of several erect rods (or erect trabecular) that fuse from place to place

one to another or to the septa l)y crossbars. The septal trabeculse next the

columella are erect, and sometimes, by becoming separate from the main

'Hist. Nat. des Corall., loc. cit.
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septal mass, reinforce the columella. Passing outward, the trabeculse bend

more and more from the columella. The septal margins are crenate. There

are processes extending inward from the wall similar to those seen in Trocho-

cyatlms lunuUtiformis and T. depressus. Synapticulaj (pseudo) are sometimes

present near the places of fusion of the higher to the lower cycles of septa.

Where the septa come very close together the lateral granules sometimes

fuse across the interseptal loculi.

DiscOTROCHUS OBBiGNiANUs Miliie-Edwards and Haime.

PI. V, figs. 13 to 19b.

1848. Discotroclms orbigniamis Milne-Edwards and Haime. Annales sci. nat., 3d ser..

Vol. IX, p. 252, pi. vii, fig. 6.

1851. Discotrochus orbignianus Milne-Edwards and Haime. Polyp, foss. des Terr.

Pal., p. 30.

1857. IHscotrochus orbignianus Milne-Edwards and Haime. Hist. Nat. des Corall.,

Vol. II, p. 76.

1861. Bisvotrovhus orbignianus de Fromentel. Introd. a I'fitude des Polyp.foss., p. 93.

1881. Biscotrochus orbignianus Queustedt. Kiihren- und Sternkorallen, p. 948, pi.

clxxix, flg. 95.

1895. Biscotrochns orbignianus Vaugban. Am. Geol., Vol. XV, p. 213.

1896. Biscotrochus orbignianus Vauglian. Bull. U. S. Geol. Survey No. 142, p. 48.

The following is a translation of the original description

:

Corallum very flat; lower surface concave in its central portion, horizontal near

the edges. Costa- unequal, rather large, slightly prominent, indistinct in the central

part, which is separated from the flat marginal portion by a small circular rim. Calice

somewhat flat, or very slightly convex, with fossa scarcely indicated. Columella

moderately developed. Five orders of septa; six equal systems. Septa unequal,

slightly elevated, regularly convex above, moderately thin, crowded together; those of

the fourth and fifth orders larger than the tertiaries. The faces covered with very

large grains, almost equally spaced, but disposed in series sensibly vertical. Height,

1.5 mm. ; diameter, 6 mm. Fossil from Alabama. Collection Alcide d'Orbigny.

This description is so excellent that I do not change it.

The young individuals of this species present certain peculiarities

worthy of note. A series of young specimens are represented in PI. V,

fio-s. 14 to 16a. The youngest specimens that I have are disk-like, or,

differently expressed, resemble a section of a small cylinder. The specimen

shown in PI. V, fig. 14, is 4.5 mm. in diameter and about 1 mm. high.

It has an almost perpendicular wall and shows no sign of attachment. In

the next stage the costse around the base begin to project beyond the

perpendicular wall and to form with the septa an arch extending thi-ough
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and over the wall. A continuation of this mode of development ultimately

results in the normal adult form, as shown in PI. V, figs. 17, etc.

There is considerable variation in the curving of the septal margins

around the periphery of the corallum. In some specimens the peripheral

part of the corallum is quite thin, the costal margin being rounded so abi'uptly

into the septal margin that they almost make an angle with one another.

In other specimens the periphery of the corallum is quite thick, the costal

margin then passing by a gentle curve into that of the septum. This is the

only especially noteworthy variation that I have noticed.

Additional localities.—Uppcr layer, Sowilpa Creek and Coifeeville Landing,

Tombigbee River, Alabama; Wautubbee Hills, Mississippi; 2 miles south-

east of Hickory, Newton County, Mississippi; 3 miles northeast of Newton,

Newton County, Mississippi; 1 mile south of Hickory, Mississippi; 6 miles

west of Desoto Station, Clarke County, Mississippi; 1 mile south of Hickory,

Mississippi; 8 miles south of Hickory, Mississippi; railroad 4J miles east

of Newton, Mississippi; near Mount Lebanon, Louisiana; Pittman's mill,

Claiborne Parish, Louisiana; Shipps Ford, Bastrop County, Texas; Ala-

bama Bluff", Trinity River, Houston County, Texas.

Geologic eccurrence. LoWCr Clalbome.

The only other species of this genus known to me are Discofrochus

micheUottii M.-Edw. and H., from the Miocene of Turin, Discotroclius duncani

Reuss, Miocene of Austro-Hungary, and Biscotrochus f alternans Sokolow,

Lower Oligocene of Jekaterinoslaw, southern Russia.

Genus SPHENOTROCHUS Milne Edwards and Haime.

Sphenotrochus nanus (Lea).

PI. V, figs. 20 to 24, fig. 22 ( !).

1833. Turbinolia nana Lea. Contrib. to Geol., p. 195, pi. vi, fig. 209.

1838. Turhinolia nana Miehelotti. Spec, zoophyt. dil., p. 55.

1848. tSphenotrochus "' nanus Milue-Edwards and Haime, Anuales sci. nat,, 3d ser..

Vol. IX, p. 24G.

18C1. Sphenotrofihus f nanus de Fromentel. Introd. il I'Etude de tolyp. foss., p. 93.

1890. Platiifrochus nanus Lea sp. dub. de Gregorio. Mou. de la Faune eoceuique de
I'Ala., p. 255.

Description of Lea's type, in the Academy of Natural Sciences of Philadelphia. Fomi CUUeatC

transverse outline elliptical. Strong costse of nearly equal prominence cor-

responding to all of the septa; those on the lateral faces corresponding to
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the septa of the first cycle' trifurcate a short distance above the base. This

method of trifurcation is shown in PI. V, fig. 20. Septa in three cycles,

24 in number. Those of the first two cycles reach the columella. Their

surfaces granulate. Columella lamelliform. Seen from the side it presents

an outline like the base of a cordate leaf. The central projection seen from

above shows that it consists of two elongate little knobs, one on each side of

the vertical axis, i. e., along the shorter trausve'-se axis of the calice. These

little knobs are shown in the upper sui-face view of the calice, PI. V, fig. 20a.

Mm.

Greater tra,nsverse axis of calice 1-8

Lesser transverse axis of calice 1

Height of corallum 2. 7

Locality.—Claibome, Alabama.

Geologic occurrence. Claibome Sauds.

PI. V, figs. 20 and 20a, are drawn from Lea's original type. Lea's

figure is not absolutely correct in the details of the costaj. In the side

view (PI. V, fig. 20) the specimen was turned a little. Lea's type is a

young specimen.

The following additional notes are based on material in the United

States National Museum.

The measurements for the large specimen (PI. V, fig. 22) are:

Mm.

Greater transverse axis of calice
-' 5 (or more).

Lesser transverse axis of calice 3

Height of corallum 7.3

The costa are rounded in profile and are granular.

This specimen might be Sp. claibornensis sp. nov. Its state of preser-

vation is not perfect.

In order to get an accurate comprehension of the species, it seems

best to trace its development as closely as the material at my disposal will

permit.

The specimen which shows the youngest stage of all the specimens

tliat I possess is 2 mm. high. It shows four costse originating at the bottom

of the base; two other costse, one standing at each end of the longer trans-

verse axis, are introduced very soon after, making six. One more costa is

' In this description the cycles are ilenomlnated as traditionally understood.

MON XXXIX
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soon developed on the middle of each lateral face, making eight. In the

next succeeding stage eight more costpe are introduced, bringing the number

up to 16. The next stage possesses 24 septa. Each costa standing next

the median costa of each lateral face has another costa introdiiced on each

side of it—four costa on each face, eight in all. These eight, added to the

16 previously developed, make 24.

The next young specimens to be described being attached do not

permit the costal development to be followed so closely.

The youngest specimen, or at least the smallest, is 1.5 mm. high, and

is attached to a sand grain. It shows IG costa3 extending to the object of

sup]iort. Soon after this a costa is introduced on either side of each one of

the four costse standing next the median costse of the lateral faces. So that

the young coral, only 1.5 mm. high, has already (so called) three cycles of

septa and as many costal. Twelve septa (every other one) reach the

columella.

The specimen next in size to the. one last described is about 2.75 mm.

high. It has the same number of costse and septa. The costas are not

very*all, are somewhat thin, and have a rounded edge. On the ilat side

are striations that run in a horizontal direction. At this stage no costa

shows a tendency to become especially thicker than the others. The col-

umella is as represented in the figure of the calice of Lea's type, PI. V,

fig. 20. Most of the twelve large septa show a thickening on the inner

margin, just before j(iining the columella, and at the thickening a small

tooth can be distinguished.

The next stage is represented by a specimen of the following dimensions:

Mm.
Greater diameter of calice 2.3

Lesser diameter of calice 1. 75

Height of coralliim 4. 25

The calice of this specimen is represented by PI. V, figs. 21 and 21a.

The costaj are rather low, flat or rounded in profile, and jiossess

minute granulations. At this stage ten additional costa? have been added,

one costa on each side of each of the four costaj on the faces of the coral-

lum, next the sejjta at the ends of the shorter axis of the calice; and two

more costaj have arisen, one on each side of one costa of the last cycle

standing next the one on the middle of the face. The costse standing at
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the ends of the longer transverse axis, and those standing immediatel)" next

to these have become wider than the others. Along the edges of each

wider costa is a double row of granulations, one on each side of the svim-

mit. Where I could find granulations along the summits of the narrower

costse there was only a single row. On the sides of the costse are the

striations already noted.

Passing to the septa: There are 34 septa; on one side of a vertical

plane through the longer axis of the calice there are 15, while on the other

side there are 17. This asymmetry is surely only temporary. The thick-

enings of the septa near their inner termini have progressed so far that they

have fused to a considerable extent and have formed an apparent lamina

on each side of the real columella, which is very distinct and absolutely

tyjjical.

The last stage would probalily be represented by the large specimen

already noted, and whose measurements are given. (PI. V, fig. 22.)

The base of this specimen is broken, so it can be seen that it is solid.

The costse at the termini of the longer transverse axis of the calice and

those standing next have become decidedly wider than the others. In fact,

the three costse nearest each end of the longer transverse axis on each face

are wider than those on and near the median portion of the lateral faces.

There are now 40 costaj and a corresponding number of septa. The

last eight costse have arisen, one on each side of each costa, standing on

each side of each secondary costa at the ends of the shorter transverse

axis of the calice.

The descent of the costse and corresponding septa can be summarized

thus

:

First cycle + second cycle 4+4
Third cycle, ou cacli side of each member of first cycle 8

Fourth cycle, on each side of the four that stand next the secondaries on the

middle of the lateral faces 8

Fifth cycle, ou each side of the four quaternaries that stand next the secondaries

on the middle of the lateral faces 8

Sixth cycle, introduced iu same relative position 8

Total 40

By an examination of the figures most of these features can be dis-

tinctly seen. New septa and new costse are introduced at fom- points only,
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i. e., on each side of the costa or septum standing next the one in the vertical

plane of the shorter diameter of the calice.

All the septa in this large specimen seem to reach the columella, but

the calice is not perfect. The tliickening near the inner ends of the septa

has progressed still further, so there appears to be a lamina on each side of

the columella and joined to it by prolongations of the septa through the

lamina. The columella itself presents no peculiar characters.

In both the young and old specimens, in the intercostal furrows are

pits, arranged in double rows, and they apparently perforate the wall.

The details of the septal structure as interpreted from a study of the

flat surface of a septum are as follows :

The septal margin, generally speaking, would be described as entire,

but it shows delicate crenations, the crenations corresponding to the emer-

gence at the surface of rows of granules. The septa are solid, made up of

completely fused ascending trabecuLn?. There is a line of divergence at

the interior edge of the wall. Interior to this line the trabeculse pass

upward, inclining slightly inward ; exterior to it they bend outward at a

considerable angle. The arrangement of the granules, the delicate, faint

striations around the septal margins, and the direction of the marginal

crenations were used to determine the trabecular constitution.

It should also be noted that the septa seem to join pali, which stand

between the septa proper and the columella. In the longitudinal section

are four vertical rows of pores. The two external rows indicate the demar-

cation between septa and pali; of tlie other two rows, one is on each side

of the columella and indicates the lines of junction by cross projections

between it and the pali. (See PI. V, fig. 23.')

Specimens.—United Statcs National I\Iuseuni; Philadclpliia Academy of

Natural Sciences, Lea's type.

There has been much misunderstanding concei-ning this little species,

probably because it is so rare. M. de Gregorio seems to have had no speci-

men of it. The systematic position given to the form by Milne-Edwards

and Haime is undoubtedly the correct one. M. de Gregorio confused it

' Some notes on the soft parts of the recent Splienotrovliiis ruhescenn are given by Fowler in tbe

Quart. Jour. Microsc. Sci. (N. S.), Vol. XX VIII, No. Ill, Feb., 1888, pp. 421-424. He states that the soft

tissues are outside the tbeca, there is no peripheral lamellie of the mesenteries, and the costa; corre-

spond to eutoca'lic septa.
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with forma of Platytrochus, but it does not possess the broad marginal costse

nor the cohimeHa characteristic of that genus.

Mihie-Edwards and Haime, from Lea's figure, considered the species

very close to Sphenotrochm' miUetianus (Defrance). From the figure of Sp.

milletianus, given by Michelin,' the two forms appear very distinct. The sides

of Sp. miUetianus, at the end of the longer transverse axis, are subi)arallel ;
the

corallum may possibly be narrower at the calicular margin. The sides of

Sj). nanus, however, taper to the base.

SpHENOTROCHUS CLAIBORNENSIS Sp. nOV.

PI. VI, figs. 1 to 3a; PL V, fig. 22 (?).

Corallum cuneiform; cross section compressed elUptical; base rather

narrow or quite wide, but in the latter case narrower than the length of the

ffreater transverse diameter of the calice. In the base a sand grain is some-

times included. Measurements of four specimens give the following:

Greater diameter of caliee .

Lesser diameter of calice .

.

Heigbt of corallum

Mm.

3.75

Mm.

4.5

2.3

6

Mm.

5

2.5

7.5

The calicular margin is considerably lower at the ends of the longer

transverse axis than at the ends of the shorter. The two costse, one at each

end of the longer transverse axis, and the costse standing immediately next

these two—six in all—are wider than the others, and are densely granulate.

The other costaj are narrow, and are simple costal plates, or may be in part

a sino-le row of granules, or may be partly composed of a double row of

granules. All three conditions are represented. The mode of costal develop-

ment is identical with that already described for Sphenotrochus nanus, i. e.,

new costiB are introduced at only four points, on each side of the costse

standing next the costse at the ends of the shorter transverse axis of the

corallum. The costce con-espond to the septa. There are 40 septa in speci-

men No. 3 of the above table of measurements; ui specimen No. 4 there

are 36. Very many of the septa reach the columella. The upper margins

' Iconographie Zoophytologique, pi. Ixxiv, fig. 1.
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are somewhat, tliougli not very greatly, elevated above the wall, and are

entire; there are no dentations, and if crenations are present they are very

faint. The inner septal edges are thickened and liave a decided tendency

to fuse laterally. The septal faces are covered b}^ many small granulations,

which are arranged in iiiore or less regular curves parallel to the upper

septal margin, and possess also a linear arrangement. The inferred trabecu-

lar constitution is the same as in Sp. nanus. The columella is lamellar, but

is peculiar in that it terminates above in about six elongated knots, which are

arranged with their longer axes in the plane of the longer diameter of the

calice. The calicular fossa is not very deep.

Locality.—Claiborne, Alabama. (Burns, Schuchert, and L. C. Johnson.)

Horizon.—Claibome sands.

Types.—United States National Museum.

This species can be easily distinguished from Sp. nanus by (1) the tend-

ency of the costaj to be granular, (2) the ujij^er termination of the columella

(c£ figures), and (3) its larger size, though there may be an occasional over-

grown specimen of »S|/;. »(^n/(f.s-.

Gl-iius TURBINOLIA Lamarck.

TUKBINOLIA PHARETRA Lea.

I'l. VL figs. 5 to 10.

1833. TurhinoUapharetra Lea. Coutrib. to Geol., p. 190, pi. vi, fig. 210.

1838. TurhinoUa pharetra Bronn. Leth. geog., Vol. II, p. 900.

1838. TurhinoUa pharctra Micljelotti. Spec, zoophyt. dil., p. 04.

1848, Turbinolia sulcata Broiiu (paitim). lud. Pal., p. 1310.

1848. TurhinoUa phantra Mllue-Edwards and Haime. Aunales sci. nat., 3d ser., Vol.

IX, p. 235.

1850. TurhinoUa pharetra d'Orbigny. Prodr. de Pal., etage 25, num. 1242.

1852. TurhinoUa pharetra Ferd. Koenier. Die Kreidebildungen von Texas, p. 5.

1857. TurhinoUa pharetra Milne- Edwards aud Haime. Hist. Nat. des Corall., Vol. II,

p. (i3.

1861. TurhinoUa pharctra de Fronientel. Iiitrod. a I'liltude des Polyp, foss., p. 91.

1866. TurhinoUa pharetra (JouiAd. Check List, p. 2.

1886. TurhinoUa pharetra Aldricli. Prelim. Kept, on Tert. Foss. Ala. and Miss., p. 49.

1890. TurhinoUa pharetra de Gregorio. Mon. de la Faune c'oct'nique I'Ala., p. 254,

pi. xliv, tig.s. 12-19.

1895. TurhinoUa pharetra Vauglian. Am. Geol., Vol. XV, p. 213.

1896, TurhinoUa pharetra Vaughan. Bull. U. S. Geol. Survey No. 142, pp. 48, 49,

Shape elongate, conical. Wall a true tlieca. Co.st;« 24 in number,

rather prominent, rounded in profile but not flattened, margins simple, entire.
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At the calicular opeuliig- they are of equal size. Near the base 12 of the
costse are larger, the intermediate ones becoming- very insignificant; only
6 are prolonged to the basal tip. Intercostal furrows perforated by a double
row of pores.

Septa moderately exsert, with entire margins, in three cycles, 24 in

number, their surfiices granulate. Columella strong, terminated above in a
hexagonal star, which projects slightly above the upper margins of the septa.

The septa of the first cycle fuse to the rays of the star.

When a corallum of TurUmlia pharetra in cut longitudinally across the
septal planes, i. e., tangentially, it is seen that the septal surface is trans-

versely fluted (see PI. VI, fig. 10). When the flat surface of a septum is

examined, an extremely curious ornamentation meets the eye. Slopino-

downward from the wall, at an angle of about 45°, are regularly spaced,
parallel rows of granules. Near the base of the corallum there are two
granules iu each row; near the top four or five is the usual number. The
length of the rows is about half the distance between the wall and the colu-

mella. Along a middle vertical line on the side of the septum a series of
swellings on the septal surface begins. These are spaced similarly to the
rows of granules and are in a certain sense continuations of them. A row
of granules and a septal swelling together form a series. Where the o-ran-

ules cease the septal swelling begins, but the latter do not run in the same
direction as the former. They swing into a horizontal position and continue

tp the columella. The swellings are simply the septal undulations. (See
PI. VI, fig. 5.)

In order to show the striking difi"erence between Turhinolia pliaretra

and TurUnolia sulcata Lamarck, with which it has been compared, a
longitudinal section of TurUnolia sulcata is represented on PI. VI, fio-. 4.
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Louisiana and Texas. It is shorter and thicker than typical Turbinolia

pharetra and tlie costte are somewhat sharper. Although some minor dif-

ferences can be pohited out, it does not seem possible, in \'iew of the

hundreds of specimens that I have examined, to separate it from Turhinolia

pharetra.

Localities.—Eoccuc of Alabama, Mississippi, Louisiana, and Texas; 1 mile

below Shipps Ford, Bastrop County, Texas; Lexington, Lee County,

Texas; Bold Mound, 9 miles southeast of Jewett, Texas; Lewis House, 2

miles east of Alto, Texas ; Alabama Bluft', Trinity River, Houston County,

Texas; Moseleys Feny, Brazos River, Burleson County, Texas; Black

Shoals, or Colliers Feny, and Smithville, Texas; Elm Creek, Lee County)

Texas ; Gosport, Claiborne, near Pugh's, Sowilpa Creek, and T. A. Rumbley's

Monroe County, in Alabama; Jackson, Mississippi; Holstun's well, 5 miles

southeast of Gibbslaud, Louisiana; Rayburn's well, sec. 29, T. 17 N., R. 5

W., Louisiana; Montgomery, Louisiana.

Geologic occurrence.—Upper aud LowBr Claibome and Jacksonian stage.

Milne-Edwards and Haime say: "This species has the same form as

Turhinolia sulcata, from which it differs by its ribs, which are not very

prominent, but large, especially in the lower portion. The intercostal fur-

rows are h(iwever rather large." ^ The very striking diff"erences in the lateral

ornamentation of the septa have been shown. The columella also is very

different. \\\ fact, the two species have very little in common.

Turbinolia wautubbeensis sp. nov.

PI. VI, figs. 11 to 12.

Shape conical, with a subobtuse base. Cross section circular. Costse

48 in number; 24 correspond to the 24 septa, and 24 are rudimentary costa?.

At the calicular margin the costaj corresponding to the septa are all of the

same size, wdiile the rudimentar}^ costfe are smaller. As the base is

approached the costse corresponding to the septa become nuieh larger and

more prominent; about one-third of the distance from the calicular margin

to the base the rudimentary costae become smaller; then all of the costse

grow smaller until, about L3 mm. from the apex, those corresponding to the

primary and secondary septa become larger and more prominent again, those

coiTesponding to the tertiaries becoming much finer. At this second enlarge-

' Hist. Nat. des Cor.all., Vol. II, p. 63.
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ment the rudiinentaiy costai disappear. The primary and secondary cost?e

seem to continue to the apex of the base. All of the costse are rather com-

pressed ; their margins are entire and smooth. The intercostal furrows are

perforated. The wall is rather thin. Septa 24, in three cycles, six systems,

somewhat exsert, faces undulated, granular.

The ornamentation of the sides of the septa is of the same type as in

T. jiharetra, but shows very important differences in the minor details. The
first difference is that the ornamentation of T. wautuhbeensis is less regular.

The rows of granules on the outer portion of the septum slope downward
and inward, but extend more than halfway across the septal face. In the

rows the granules are not so absolutely regular as in T. pharetra. Another

difference is that the transverse undulations of the septa are less pronounced

than in T. pharetra. A close examination of the margin of a septum showed

that the granular arrangement, and by inference the trabecular constitution

of the septa, is of the same general type as all the preceding corals here

discussed. The granules are formed in curves parallel to the upper septal

margins. On the inside of the wall corresponding to the highest point in

the arch of the septal margin there seems to be an area of divergence. The
outward-directed granules can be seen distinctly only at the septal margin.

The columella projects far above the corallum wall
;
presents a star-shaped

outline when seen from above. Diameter, 4 mm. ; height, 9 mm. ; columella

projects 1 mm. above the corallum wall.

Localities.—Wautubbee, Mississippi; Claiborne, Alabama (Lisbon hori-

zon); Holstun's, 5 miles southeast of Gibbsland, Louisiana.

Geologic occurrence.—Lower Claibome.

Types.—PI. VI, iig.s. 11 to lib, from collection of T. H. Aldrich in

the United States National Museum; PI. VI, fig. 12, from United States

National Museum.

TuBBiNOLiA ACUTicosTATA Vaughan.

PI. VI, figs. 13 to 13b.

1895. Turbinolia acuticostata Vaughan. Johns Hopkins Univ. Circ, Vol. XV, No.

121, p. 6.

1896. Turbinolia acuticostata Vaughan. Bull. U. S. Geol. Survey No. 1-il, p. 89.

Conical in shape, as is usual in the genus. Size small. Costse tall and

thin, with crenate margins. Beginning with 6, 6 additional cost?e are soon
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developed, making 12, between wliicli, in the intercostal fniTows, are double

rows of perforations. The 12-costal condition exists for about 1..5 mm. from

the base, when 12 additional oostse are introduced. The costae on the basal

portion of the corallum are very slightly larger than those on the upper

portion; thev are not so prominent on the basal jiortion as in Turbinolia

pharetra. In tlie extreme upper portion 24 rudimentary costse are intro-

duced, making the total number 48—-twice as many costae as septa. In the

intercostal furrows, after the development of the rudimentary costae there

are only single rows of perforations; during the 24-costal stage there are

double rows of alternating perforations in the intercostal furrows. The

septa are 24 in number, in three cycles. Those of the third cycle fuse, about

halfway between the corallum wall and the columella, Ijy their margins to

tlie sides of those of the first cycle. Their sides are beset with distant,

sharp, small spines. The septa are thin and weak. Columella ends in a

small, slender, hexagonal style. Height, 6.5 mm. ; diameter of calice, 3 mm.
Localities.—Potomac Creek, Virginia; Pojjes Creek, Maryland.

Geologic occurrence.—Pamuukcy foHuation, Aquia Creek beds.

Type.—Johns Hopkins University.

The crenate character of the costae distinguish this species from the

other Eocene Turljinolia- witli rudimentarv costae.

Turbinolia claiijornensis sp. nov.

PI. VI, fig. U to 1Gb.

Corallum small, conical, witli acute delicate costae, the margins of

which are entire. Around the calice there are 48 costn?, 24 correspond to

septa, and as many are rudimentary. The rudimentary costae are initiated

about 3 i mm. from the base. The costae of the first and second cycles are very

slightly enlarged near the base of the corallum. Tliere are three complete

cycles of septa. Their surfaces are covered with distinct conical spines.

The primary septa reach and fuse to the columella. The upper termination

of the columella is not a star, but compressed, a little excavated on the sides

below the up})er surface, and slightly granulate. Height of corallum, 5 mm.

;

diameter, 3 mm.
Locality.— (

"hiibome, Alabama.
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Geologic occurrence. Claiboi'lie Sailfls.

Types.—PI. VI, figs. 16 to 16b, specimen on which the above descrip-

tion is based, from collection of T. H. Aldrich in United States National

Museum; PI. VI, figs. 14 and 15, United States National Museum.

Since the foregoing description was written, I have found several speci-

mens in the United States National Museum. A study of these permits

considerably more detail to be added to the description. The ornamenta-

tion of the septal faces is quite diff"erent from that of T. pliardra and

T. wautuhheensis. The septa are verj- slightly undulated transversely, and

that is only along the inner portion. The septal surface, as a whole, is flat.

The granules, although originally introduced in curves parallel to the septal

margins, are not introduced regularly, so they do not show any very defi-

nite aiTangement. The smaller septa are joined to the larger by a series of

processes placed one above another, thus leaving a series of pores. This is

quite different from the condition met with in T. fiulcata, where the smaller

septa fuse solidly by their margins to the sides of the larger.

A specimen much larger than the one from Mr. Aldrich's collection has

the following dimensions : Diameter of calice, 4 mm.: height of corallum,

9 mm. Figs. 14 and 14a, PI. VI, are drawn from it. The only special

peculiai-ity of this specimen is that the columellar upper surface is apparently

reinforced bv several thickened processes from the septa.

The distinguishing features of the species are the presence of (1) rudi-

mentary costce; (2) the entire margins of the costse; (3) the simple enlarg-

ing, without a notch, of the costse in the basal portion; (4) the compressed

granulate (not stellate) termination of the columella; (5) the size.

TUEBINOLIA INSIGNIFICA Sp. nOV.

PL VI, figs. 17 to IS.

This is a minute coral, conical in shape. Costse rather tall, com-

pressed, their sides near junction with corallum wall fluted, corre-

sponding to intercostal perforations. Margins apparently almost smooth.

Around the upper margin of the corallum there are 20 well-developed

costse and 20 rudimentary costpe (twice as many costje as septa); 6 septa

continue without any change to the very apex of the base. On the apex

of the base is a minute star-like body, the rays of which alternate with the

costse of the first cycle (i. e., the 6 more prominent costie). The costse of
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the second cycle are notched 0.5 or 0.75 nun. above the base. There are

costse corresponding- to the septa of the third cycle, and after the second

cycle of septa is fully develo})ed rudimentary costse usually exist. The

septa developed between the first and second cycles of septa do not always

correspond to the rudimentary costse found between those two cycles.

When a septum develops in this way, a costa corresponding to it is devel-

oped. Therefore we have both a rudimentary costa and a regular costa

alonsrside each other in the same interval between two costse of the first

and second cycles, respectively. The intercostal furrows are always per-

forate, and when the i-udimentary costje are not present there are double

rows of perforations.

A distinguishing feature of this species is that in the basal portion the

costal terminations are not enlarged. Of the 12 costse that extend to the

base, 6 do not change at all and 6 are simply notched about 0.5 mm. above

the base.

The septal aiTangement is simple: it is six systems and tln-ee cycles.

In two systems of the larger sjiecimen that I have examined the third cycle

is not complete. The septa of the third cycle fuse by their margins to the

sides of those of the first cycle. Excepting the first cycle, the septa are

thin; their sides are beset with small spines.

The specimens are not well enough preserved to permit the details of

the columella to be fully made out, but we can be sure that the upper ter-

mination is a style and not a strongly stellate pillar, the rays of which join

the inner ends of the septa of the first cycle, such as is characteristic of T.

pharetra and T. wautuhheensis. The columella of T. insignifica has a rather

prominent upper termination. Diametei", 2 mm.; length, 3.5 mm.

Locality.—Old Red BlufiF Station, 3i miles south of Shubuta, Mississippi.

(F. Burns, collector.)

Geologic occurrence. Red Bluft' bcds.

Types.—United States National Museum.

The character of the (columella above noted, the peculiarities of the

costfe in its basal portion, and its very small size serve to distinguish this

species.
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Genus TROOHOCYATHtJS Milne-Edwards and Hairae.

TBOCHOCYATHTJS HYATTl sp. nov.

PI. VI, figs. 19 to 21; PI. VII, fig. 1.

Shape short, trochiforra; cross section circular. Free in adult; on the

base a scar as if the corallum were attached in its younger stages. Gran-

ular costse corresponding to all of the septa, sometimes obscured by the

epithecal deposit. On the upper part of the wall, when not covered by

epitheca, they are very distinct; those corresponding to the septa of the

first two cycles the largest. Epitheca thick, usually not reaching to the

upper margin of the theca. Septa in four cycles, six systems, exsert,

especially those of the first two cycles; there are sometimes small septa

of the fifth cycle; their surfaces granular and undulate. Those of the

third cycle fuse by their inner edges to those of the second cycle. Pali

in two crowns, present before the first tlu-ee cycles of septa, undulate, with

granular surface. Columella composed of ascending rods or trabeculse

which present a papillate upper surface

Mm.

Diameter of calice 11.8

Height of corallum 10

ilt,

10

8

Myn.

11.8

8.5

Mm
11

6

Localities.—Black Bluff" and Prairie Creek, Alabama.

Geologic occurrence.

—

Black Blufi" (Sucamocliee) beds.

Types.—United States National Museum.

The following additional notes on the septa may be added: The septa

are composed of ascending trabeculcTe, which possess a line of divergence.

The courses of the trabeculse are indicated by rows of granules. The

rows of granules do not stand opposite one another on opposite sides of the

septum, but alternate in position. The septal margins are usually entire or

nearly so, but occasionally the trabeculse project slightly on the margin

and make obscure dentations, especially on the septa of the higher cycles

near the wall. The costse are serrate or granulate. Near the places of

fusion of septa by their margins to the sides of lower cycles synapticulse

sometimes occur. The wall seems to be formed by the fusion of the distal

ends of the septa, or it may be an eutheca.
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Tkochocyathus LUNULiTiFOKMis (Coiirad).

PI. VII, fig-8. 2 to 4, and tig. !1.

1855. TurhhwUa hniiilitiformis Conrad. Troc. Aead. Nat. Sci. Pliila.. Vol. Til. p. 203.

1895. Trocliocyuthvs li(niiliti/ormis Vauglian. Am. Geol., Vol. XV, p. 22.3.

189G. Trochocyathus liiniilitiformis Vauglian. Bull. U. S. Geol. Survey No. 142, p. 51.

Corallum .siibdiscoid; base convex, attached by its central portion;

transverse outline circular; costse distinct, granulate, slightly alternating in

size, corresponding to all cycles of sej)ta. Septa in four cycles, six systems.

Surfaces densely granulate. Pali before all the septa except the last cycle,

their surfaces granulate. Calice circular fossa not very deej). Columella

fascicular, its upper surface papillate. Diameter, 9.5 mm.; height, 4 mm.
Localities.—Jacksou, I\Iississippi ; Montgomery, Louisiana.

Geologic occurrence.—Jacksoniau Stage.

Conrad's description of this sjjecies was extremely poor, and he pub-

lished no figure. Tliere can be no doubt, however, that he meant this form.

Troohocyathus lunulitiformis var. montgomeriensis var. nov.

PI. VII, tigs. 5 to 8.

This variety can be distinguished from the typical forms of Trochocya-

tlnis limuUtiformis (1) by having a flatter base; (2) bv being more depressed;

and (3) by its costse being- more prominent and more strongly alternated in

size. Diameter, 8 mm.: height, 2.5 mm.
Locality.—Montgomerv, Louisiana.

Geologic occurrence. JacksOUiaU StagC.

Types.—United States National Museum.

The following gives more detail concerning the wall, septa, etc.: There

is no epitheca. The wall is formed by the direct fusion of the distal portion

of the septa, witliout the intervention of secondar}^ calcification centers (PI.

VII, fig. 9). The septa ai-e com])osed of trabecular : slightly above the

wall is a line of divergence. The pali seem to possess their own trabecules

and centers of calcification, sej^arate from those of the septa. In the septa

the courses of the trabecular are indicated Ijy rows of granules, which are

at the same time arranged in cm-ves jiarallel to the septal margins. There

is the same alternation in position of the rows of granules already noted

in Trochon/afhus hyatti. As the trabecuLT? approach the septal margin they
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diverge, the space between adjacent trabeculse becoming' larger. In the

intervening space new trabeculse may be introduced. The septal margins,

especiaUy in the more exterior portion, are minutely serrate or crenate, the

serrse corresponding to the emergence of the trabeculse at the surface. The

margins of the interior half (roughly speaking) are so-called entire, i. c, the

trabecular terminate in a practically smooth continuous curve.

Projecting interiorly from the wall are processes that in cross section

have the structure of synapticulae—the so-called pseudosynapticula? (see

PL VII, fig. 9). The appearance on the side of a septum is shown in PI.

VII, fig. 4.

The columella is composed of several rods that rise upward from the

base; they fuse by cross pi-ocesses, and their upper terminations produce

the papillate upper surface of the columella.

There appear to be synapticulse also, formed by the fusion of granules

standing opposite each other on adjacent septa. The granules on the septa

are long. Those on adjacent septa usually alternate with each other in

position; sometimes, however, they stand opposite; quite often they will fuse,

forming the so-called pseudosynapticulse.

This species is extremely close to Trochocyathus cUscoicles Sokolow,'

so close that after Dr. Sokolow had kindly compared specimens of Tr.

lunulitiformis with Tr. discoides he wrote me as follows

:

I have from Jekaterinoslaw only a siugle injured specimen of Trochocyathus. A
comparison of this specimen with those that you have sent me shows no diflference on
the under (outer) side. 1 have also found no differential character in the septa. But
the columella of my specimen is somewhat wider thau that of Trochocyathus lunuliti-

formis, and the upper surface of the columella of my specimen is more irregularly

papillary (warzig); also the pali are somewhat more strongly developed. But as I

have only one and that an incomplete specimen, I can not establish that my Trocho-

cyathus discoides is without doubt a new species, aud will not oppose placing Trochocy-

athus discoides in the synonymy.

While in St. Petersburg in the summer of 1897, through the courtesy

of Dr. Sokolow I had the privilege of examining- the type of his discoides.

The septa of his species seem to me thinner than in Tr. lunulitiformis.

For the reasons that he has given, and on account of the one I have stated,

it appears better to not place his species in the synonymy of Conrad's;

but the resemblance between the two is most striking, and ultimately

' Die unteroligociine Fauna der Glauconitsande bei der EisenbaUnbriicke von Jekaterinoslaw:
M«m. (Ill Coinitc GimiIokhi"" (Russia), Vol. IX, Xo. 3. 1894, pp. 92-94, fig. 7 (in test), pi. 1, lig. 5:i-d.
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tliey may be shown to be the same. Should the hatter prove true, Soko-

low's name should stand, as Conrad did not describe his species sufficiently

clearly and did not figui-e it at all. Sokolow wrote a splendid description

of his species, and published exquisite figures of it.

Trochocyathus californianus sp. nov.

PI. VII, figs. 10 to 13.

Corallum discoid, attached at the middle of the base, which is almost

flat, very slightly convex or concave. Measurements of four specimens are:

Diameter of corallum.

Height of corallum.-.

Mm.

6

2.25

Mm. Mm.

7

2.75

Mm.

. 7

2.5

Costse correspond to all septa. They are low, rather thick at the

wall, but with a subacute edge, finely granulate, and equal. There is no

perceptible alternation or diff'erence in size. There are three complete

cycles of septa, and ver}- nearly all the members of the fourth. They

are thin, their upper margins arched from the wall to the calicular fossa.

Peripherally, occasional dentations on the margins ; faces granulate. Pali

are present. They are thin, and before some septa broad, but the details

can not be ascertained. Calicular fossa shallow, calice widely open.

Columella fascicular, composed of erect rods rising from the base.

Locality.—Sau Joaquiu coal mine, California.

Geologic horizon. CrCtaCCOUS ?

Types.—Four sjjecimens sent to me liy Dr. J. C. Merriam, University of

California, and returned to him. One specimen has been presented by Dr.

Merriam to the United States National Museum.

This species is extremely close to Tr. InniiJitiforniis; in fact, the

specific differences here pointed out are not thoroughly satisfactory.

The specimens of Tr. luimlitiformis have the cycles of costa- indicated by

'corresponding sizes, (jr they alternate in size. The costiT? of Tr. califor-

nianus are, as above stated, equal. This difference seems good, but when

more specimens of the latter have been discovered, and the details of the

pali and columella can V)e worked, still oiher differences may be found.
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This species, as well as Tr. lunulitiformis (Conrad), should be compared with

Tr. discoides Sokolow, from Jekaterinoslaw, southern Russia.

Oue of the type specimens of the Tr. caUfornianus shows an interesting

feature, probably an abnormality. Apparently a bud is being formed from

the calicinal region. PI. VII, fig. 13, represents the condition.

Trochocyathus depeessus sp. nov.

PI. VII, figs 14 to 17.

Form subdiscoid, or bowl-shaped; transverse outline subcircular,

slightly irregular. Base convex, calice wide open and moderately deep.

There is no sign of attachment, although the base is disfigured in eight of

the nine specimens that I have examined. Costee corresponding to all cycles

of septa not very prominent, but distinct to the base. In size they are sub-

equal ; every fourth is usually slightly more pi'ominent than the three inter-

vening. They are slightly acute, and along the crest is a single series of

granules. Their sides 'ilso are granulate.

Septa numei'ous, about 80. The arrangement is extremel}' difficidt to

make out, as the primaries and secondaries are of the same size. They pro-

ject very slightly above the upper margin of the wall. The free margins

of the septa, after rising a little above the wall, lie in a horizontal plane for

about one-fourth the diameter of the calice; then they fall to the bottom of

the calice in a curve parallel to the corallum wall. The}' are considerably

thicker near the wall. The sides are highly ornamented. The pattern of

ornamentation is extremely complicated. It is shown in PI. VII, fig. 16.

Two zones of different kinds of ornamentation can be recognized. An
outer, in which there are projections from the corallum wall. Between

these projections are small, closely crowded granules They are arranged,

in not very distinct rows, subparallel to the upper margin of the septa

at the wall and to the processes extending inward from the corallum wall.

The second zone consists of elongated granules that slope upward and

inward, making an angle of approximately 45° with the septal margin.

The general scheme is very well represented in PI. VII, fig. 16. The

interpretation of this arrangement of granules is that there is a line of

trabecular divergence along a line extending lengthwise just about the

middle of the septum; above this line the trabeculse are directed upward

(i. e., inward); below they are directed outward or downward (morpho-

MON XXXIX 7
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logically, outward). The rows of granules on opposite faces of a septum

are opposite, and when the edge of a septum is viewed from above they

give the appearance of striations extending down the sides of the septum

and across its margin. Around the fossa the margins are entire, but

external to the fost.a they are gently and finely crenate. In the region of

the wall the septa are much thicker, and there are many minute granules

along the edges and free portions. Pali before all cycles of septa except

the last; small, with rounded upper margins, sides granulate. Columella

fascicular.

Greater diameter of calici

Leaser diiimeter of calice

Heislit of corallum

1

Mm.

11.75

11.5

3.5

Mm.

10. 75

9.75

3.5

Mm..

9. 75

9

4

Locality.—8ix milcs west of Desoto Station, Clarke County, Mississippi.

(F. Burns, collector.)

Geologic occurrence.—Lower Claibome.

Types.—United States National Museum.

The only closely related species is Tr. Iinmlitiformis. Tr. depressus is

easily recognized by its more irregular transverse outline and its more exca-

vated calicular fossa.

Trochocyathus stantoni sp. nov.

PI. VII, figs. IS and 18a.

Form discoid; base flat, with a scar in the center as if it were attaclied,

covered by epitheca which reaches to the calicular inargin. Twenty-four

costie of equal size ; apparently there are 24 smaller costiie alternating with

the large ones. Septa arched, projecting high above the flat base, side

granulated, margins slightly undulated transversely. T'he arrangement is

in four complete cycles of six systems, the total number being 48. Those

of the first, second, and third cycles of about the same size; the fourth cycle

smaller. Calicular fossa deep. Pali present, but the details could not be

made out. Character (jf the columella could not be ascertained.

The measurements are: Diameter of l)ase, 14.25 mm.; height, 5.75

mm.; depth of calice, more than 2 nun.
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Locality.—Two aiid a lialf miles northeast of Clayton, Contra Costa

County, California. (Collected by T. W. Stanton.)

Geologic occurrence.—Tejon group, above the coal horizon.

Type.—United States National Museum.

This species is founded upon one specimen embedded in an indurated,

coarse-grained, glauconitic sandstone. It Avas with great difficulty that

enough of the matrix was removed to permit as many details of the septa

and pali to be ascertained as are stated above. The base is eroded so that

the character of the costal ornamentation can not be described full)-. There

can scarcely be a doubt about the generic determination of the species,

notwithstanding our ignorance of some details. The other discoid species

of the genus are Tr. californiamis, Tr. ImmUtiformis, and Tr. depressits. Tr.

stantoni is the only one whose septa arch high above the corallum wall, and

the only one that has the base covered by epitheca. An examination and

com2)arison of the figures will make these differences appavent. The great

differences in the costae also will be readily recognized.

Troohocyathus cingulatus sp. nov. -

PI. VII, figs. 19 to 19b.

Form short cornute, basal portion small, subpedicellate, curved in plane

of lesser diameter of the calice. Transverse section subelliptical. Scar of

attachment preserved. Corallum wall ornamented by 42 low, distinct, gran-

ulate costse, corresponding to all cycles of septa, and alternating in size.

Epitheca appears to be entirely absent. There are several girdling depres-

sions and bands, giving the species a cingulate appearance.

Septa are moderately strong, thicker near the wall, and sometimes

thicken somewhat before joining the columella, 42 in number; 21 principal

septa with alternating smaller ones. The various cycles are extremely

difficult to make out. Their sides are ornamented witli rather prominent

spines, which usually appear to be truncated. Columella fascicular. Greater

diameter of calice, 8.6 mm.; lesser diameter of calice, 8 mm.; height, 9.5 mm.
Locality.—Prairie Creek, Wilcox County, Alabama. (L. C. Johnson,

collector.)

Geologic occurrence.—In tlie lower Ijcds of tlic Cliickasawau stage, or in the

Midwayan stage.

Type.—United States National Museum.

This pretty little species is described fi-om a single specimen, Init it is
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utterly distinct from any other of our Eocene corals, and is very easily rec-

ognized, sinipl}' by its short cornute form and the lower alternating- costse.

The calice is not well i)reserved, the margins of the septa being broken

away. The columella is apparently essential, although it is frequently fused

to the ends of the septa. Near their inner terminations, just before they

join the columella, the sejjta become thicker and fuse by slight lateral

outgrowths or by their margins. Pali are present, but their details could

not be made out.

Trochocyathus clarkeanus (Vaughan).

PI. Vll, figs. 20 to 23.

1895. Taracydthus (?) clarkeanus Vaughau. Jobus Hopkins Univ. Circ, Vol. XV, No.

121, p. 0.

189G. Paracyathus (f) clarl-eanuH Vauglian. Bull. U. S. Geol. Survey No. Ill, p. 89.

Corallum conical, usually slightly curved. Cross section elliptical.

Nearly always showing a distinct area of attachment, which is variable in

size. Costix? not very prominent; acute: 48 in number, corresponding to all

the cycles of the septa; nearly equal in size. In young specimens those

corresponding to the last cycle of septa are smaller than those earlier devel-

oped. No epitheca was observed and is most probably absent. 8epta thin,

not exsert, sides gfanulated; 48 in number, arranged in six systems of four

cycles each; those of the first three cycles reach the columella; the fourth

cycle fuse by their inner margins to the sides of the third cycle. Calicular

fossa shallow. Pali appai-eutly before all of the cycles of the septa except

the last, small and thin, and appear to lie arranged in two crowns. Rudi-

mentary dissepiments apparentl}- present. Columella fascicular; upper

surface papillate.

The measurements of the two specimens are:

Greater diameter of calice

Lesser diameter of calice .

Height of corallum

7

6

12.5

Mm.

7.75

5.5

9.75

Localities.—Potouiac Crcck and Aquia Cret'k, Virginia.

Geologic occurrence.—Pamuukcy formation, Aquia Creek beds.
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Types.—Johns Hopkins University.

Specimens.—United Sttitcs National Museum.

The specimens on which this species is founded are all imperfect. I

could not obtain accurate details concerning the characters of the columella

or of the pali, but the species seems to present all the essential characters

of Trochocyathus, and is therefore referred to that genus. There is no other

species of coral with which it could l)e confused ; therefore critical notes are

unnecessary.

Teochocyathus steiatus (Gabb).

PI. VII, fig. 24; PI. VIII, figs. 1 to 3.

1864. Trochostnilia striata Gabb. Geol. Surv. California, PalsBontology, Vol. I, p.

207, pi. xxvi, fig. 195.

1893. Trochosmilin striata Boyle. North Amer. Mesozoic Invert. : Bull. U. S. Geol.

Survey No. 102, p. 290.

1897. Trochosmilia striata Merriam. Journ. Geol., Vol. V, p. 771.

The following is the original description: " Elongate, slender, curved,

section circular or subcircular ; epithelium rudimentary, surface marked by
numerous prominent stria?, usualh' rounded, of variable size, and often

showing a well-marked alternation of larger and smaller ones. Surface of

calice unknown."

Locality.—Divislou B,'near the coal mine at Mount Diablo, California.

Mr. Stanton obtained a considerable number of specimens of this species

in Contra Costa County, California. From a study of these specimens I

can give more information concerning the characters of the species, and can

determine its generic position with reasonable certainty. The form of the

corallum was described well enough by Gabb. Tlie costre are rather prom-

inent, subacute, alternating in size, and correspond to all cycles of sejjta.

No epitheca was seen on any of the specimens. Sejita rather thick, the

inner terminations of all except the last cycle thickened, 44 in number (in

thin section studied), two half systems of the fourth cycle being incomplete.

Their sides granulate. The interseptal spaces devoid of dissepiments.

Columella fascicular, upper surface papillate. The thickenings on the inner

ends of the septa without doubt represent pali. Therefore, there are pali

before all septa, except those last introduced, and they are arranged in two

' B is the upper division of Galib's section, and was supposed to be Cretaceous.
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rather reaular crowns. It can scarcely be doubted that the species is a

genuine Trochocyathus.

The size and relations of the dimensions of different specimens are so

variable that we give no measurements; the figures give the same data in

more comprehensive form.

Locality.—Ncar Clayton, Contra Costa County, California. (Stanton.)

Horizon.—Tejou bcds (upper part).

Trochocyathus zitteli Merriam.

PL VIII, figs. 4 to 7.

1897. ri(tc(>.imili(( 11. sp. Merriam. Journ. Geo!., VoL V, p. 770.

Doctor Merriam very kindly sent me six specimens of this species, and

on that material the following description is based.

The form of the corallum is short cornute, curved in the plane of the

shorter transverse axis of the calice.

The following are measurements of five specimens:

Greater dianieter of calice

Lesser <liaineter of calice

Height of corallum I
12

1
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are distinct pali, with an elongate elliptical cross section before all septa

except those of the last cycle, and are arranged rather definitel}' in two

crowns. The wall and septa become secondaiily thickened. Columella

composed of a few ascending more or less twisted laminae. Calicular fossa

rather deep.

Locality.—Maiilnez, California.

Horizon.—Martinez group.

Types.—Collection of Dr. J. C. Men-iam, University of California. Speci-

mens iipon which the above description and figures in this paper are based

are in the United States National Museum.

Trochocyathus conoides (Gabb and Horn).

PI. VIII, flgs. 8 to 10.

1S()0. Trochosmilia conoides Gabb and Horn. Jour. Acad. Nat. Sci. Phila., 2d ser.,

Vol. IV, p. 399, pi. Ixix, figs. 12 and 13.

The original description is : "Resembles closely Tr. mortoni (i. e., Balano-

phyUia irrorata ^•ar. mortoni), above described, differing in its much more

robvist form and the finer strife exteriorly, which are granulous."

Locality.—" Crctaccous, N. J."

The type of this .species is, fortunately, in the Academy of Natural

Sciences of Philadelphia, and the authorities of that institution very kindly

loaned it to me. The type is a miserable fragmental specimen, and

from what Gabb writes of it one would suspect it to be related to Balano-

phyllia. Fortunately there are specimens of the same species mixed with

Morton's ^^Turbinolia" inauris in the Philadelphia Academy collections, and

there is also a specimen in the United States National Museum. All of the

specimens without doubt come from the same locality. A specimen of

Flabellum mortoni sp. nov. is in the vial with Gabb's type, both labeled

"Types"! This species is with it in all of the lots of specimens. It is

possible that Tr. conoides may be the same as Morton's discarded "Tiirhi-

nolia" inauris. The following description is not based on the type, as it is

not well enough preserved to serve as a basis for a specific diagnosis,

though the specimen can, as already stated, be identified:

Corallum short cornute, rapidly increasing in diameter, curved in

the plane of the shorter transverse axis of the calice; cross section

elliptical.
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The following table gives nieasuremeuts of several specimens

:
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Museum material from near Squankum, New Jersey; therefore we know

both the horizon and locahty of the species accurately. The matrix of

the specimens is a coarse-grained glauconitic sand, with some finer light-

colored calcareous material. The interseptal loculi are occasionally quite

deceptive in appearance. They are often filled with grains of glauconite,

between which are shreds of the lighter-colored material. The result of

this is to give, quite frequently, the appearance of a very well developed

endotheca. This appearance is described, because it might deceive one who
is not accustomed to handling corals that have suffered from the effects of

fossilization. This species, strange to say, seems to have its nearest ally in

TrocJiocyatlms sitteli Merriam, from Martinez, California. The resemblance

is not very great, as a comparison of the descriptions and figures of the two

species will show. Attention is directed especially to the difference in the

characters of the costfe.

Genus PARACTATHUS Milne-Edwards and Haime.

Paraoyathus altbrnatus sp. nov.

PI. VIII, figs. 11 to 14b.

Form compressed conical, with the base truncated, attached at the

truncation. In one specimen the place of attachment has been almost com-

pletely covered by a subsequent calcareous coating, leading to the inference

that in the adult stage the individuals may be free. Costae corresponding

to all of the septa, distinct, acute, subacute, or rounded in profile, granulate,

alternating in prominence. Wall rather thin and not of uniform thickness.

Septa slightly exsert in four cycles, six systems, in some systems members

of the fifth cycle. Those of the first two cycles reach the columella, those

of the third cycle fuse b}^ their edges to the sides of the second; sometimes

the fourth fuse similarly to the third. Surfaces granulate. Pali before all

the septa except the last cycle, bilobed, granulated on sides. Rudimentary

dissepiments present. Columella fascicular, papillate. Depth of calice

about one-tliii-d tlie len"-tli of the corallum.
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These measurements represent the usual size of adult specimens. Sev-

eral varieties, with sizes indicated, are figured in PI. VIII, figs. 11 to 14

Localities.—Near Mount Lebanon, Louisiana; Holstun's well, Louisiana;

SW i of SE. 1 sec. 19,T. 19 N., R.7 W., Louisiana; Rayburn's well, sec. 29,

T. 17 N., R. 5 W., Bienville Parish, Louisiana; Newton, Enterprise, and

Wautubbee, Mississippi; 3 miles northeast of Newton, ]\Iississi})pi; 2 miles

southeast of Hickory, Newton County, Mississippi; 8 miles south of Hickory,

Clarke County, Mississippi; 8 miles west of Enterprise, Mississippi; 1 mile

south of Hickorv, Mississippi; 4.\ miles east of Newton, Mississippi; upper

layer, Sowilpa Creek, Alabama; Smithville, Texas; Black Shoals, or

Colliers Ferry, 1 mile below the Milam-Burleson county line, Texas; Lex-

ington, Lee County, Texas.

Geologic occurrence.—Lowcr Claibome (Llsbou horizon).

Types.—b'nited States National Museum.

Specimens.—Museiuu of Comparatlvc Zoology, Cambridge, Mass.; T. H.

Aldrich's collection; and Wagner Free Institute of Science.

Additional notes on the wall septa, etc.—Tlic Wall IS a pseudotlieca, i. c., fomied by

the fusion of the distal ends of the septa. The septa have thickenings at

right angles to the septal plane in the nmral region. A thickening from

one septum meets that of the opposed septa, and the two fuse. A little line,

indicating tlie jilace of fusion, could be seen between nearly every pair of

septa in the cross section. The septal thickenings to form the wall are not

usually exactly in a ring, but the thickening on one side of a septum may

be interior or exterior to the thickening on the other side.

The septa are composed of completely fused ascending trabeculse,

which possess a line of divergence coinciding in position with the wall.

The courses of the trabecuhx; are indicated by rows of granules. Tlio rows

on opposite sides of a septum do not stand opposite, but alternate in posi-

tion. The septal margins interior to the wall are entire ; exterior to it the

trabeculse frequently project slightly along their axes, making obscure den-

tations. No svnai)ticula} were seen; the septa are usually rather far apart,

so the granules do not fuse across the interseptal loculi.

Three minor varieties of this species may be recognized, but they are

not of sufficient importance to merit naming. Variety a, the typical form

represented bv PI. VIII, fig. 11; variety ft, the specimen with very wide

base and low rounded costa^, represented by PI. VIII, fig. 14; variety
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(', larger than variety a, and the costpe are more })roniinent and mf)re acnte,

represented by Ph VIII, fig-. 12. The intergradation between all tlie ft)rm3

is complete.

This species is very close to ParacyatJms crassus M.-Edw. and H./

from the English Bracklesham beds. I was able to examine specimens of

Pantcyatlms crassus in the British Musenm (Natural History). The size,

character of costse, and general external appearance ftirnish no criteria for

specific difi"erentiation. The jjali seem to furnish a good basis for separa-

tion. In I', crassus they are thin, weak, transversely fluted, and have a

small inner tooth. The paliof P. alternatus, as PI. VIII, fig. 11a, shows, are

stout, with a strong- distinct inner lobe. Should this character ultimately

prove insutficient for the diff"erentiation of the species, P. alternatus must

become a synonym of P. crassus.

PARACYATHUS GKANTJLOSUS sp. DOV.

PI. VIII, figs 15 to 15b.

This species is extreme!}' close to P. alternatus; therefore a difterential

diagnosis is given. The two ultimately may be miited. The general form

is indicated by the figm-e. The view of the calice from above, looking down
upon the columella and pali, is characteristic of the genus. The pali are

undulate, granular, and some have small wing-like lateral expansions.

The transverse outline of the calice in P. alternatus is elliptical, while

in P. granulosus it is practically circular. With increasing height P. alterna-

tus increases more rapidly in diameter tlian P. gru)iidosus ; therefore the base

of attachment is proportionately larger in the latter species. The costse

of P. granulosus are not prominent, not very acute, not strongly alter-

nated in size, and are densely and minutely granulate. In P. alternatus a

deposit of callous is laid down upon the original costse on the lower portion

of the corallum. This callous is costate, its costje corresponding to the

original costa;. The costse of P. granulosus are not covered by a subsequent

deposit of callous. G-reater diameter of calice, 6.1 mm.; lesser diameter of

calice, 6 mm.; height of corallum, 7.2 nnn.

Locality.—Lowcr layer Woods Bluif, Alabama.

Geologic occurrence. ^Woods Bluff bcds.

Type.—From collection of T. II. Aldricli in the United States National

Museum.

'Mon. Brit. Fobs. Corals, Pahcontogr. Soc, 18.50-1854, i). 23, pi. iv, figs. 1. la-lo.
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Pabacyathus bellus sp. nov.

PI. \ail, figs. Ki to 20.

1895. Paracyathus bellus Vaugban uom. nud. Am. (xeol., Vol. XV, p. 217.

1896. Paravyathus bellus Vaughau uom. nud. Bull. U. S. Geol. Survey No. 142, p. 19.

Form rather elongate, slightly eur^'ed, attached by a rather broad

base, cross section nearly circular, enlarging very little in diameter with

increasing height. Costse corresponding to all cycles of septa, no noticeable

alternation in size. Along' the summit of each costa there is a singfle row of

regular g-ranules. Intercostal furrows narrow. Epitheca rudimentary,

occasional slu'eds or bauds girdling the corallum. Wall not verv thick.

The number of septa varies from 24 t(i 36 ; the latter seems the usual num-

ber. Sides of the septa densely graimlate, the granules elongated and

disposed in curves parallel to the septal margins. Pali before all of the

septa except those ol" the last cycle. Seen from above they are very diffi-

cult to distinguish from the papillate surface of the columella. They are

small, slender, weak, with granulations similar to tliose on the se})ta.

Columella fascicular, its upper surface papillate. Calice shallow.
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so the granules often fuse across the interseptal loculi. There are some

projections extending inward from the wall, and the granules are elongated

in curves parallel to septal margin. The latter is true to a less degree in

/'. alternatus.

This species resembles Paracyathus crtr?/op%/?MS (Lamarck) ^ quite closely

in its form and in the character of the costa;. A study of specimens of the

latter in the British Museum (Natural History) showed it to be a decidedly

Larger species, and its calice is deeper.

Paracyathus rugosus sp. nov.

PI. VIII, figs. 21 to 21b.

Only one specimen of this species has come under my observation,

and it can be best characterized by a differential description.

Looked at superficially, the species resembles P. heUus; the first diff'er-

ence is that the corallum of P. rugosus enlarges more rapidly in diameter as

it increases in height. The costse of P. rugosus are composed entirely of a

series of subtriangular plates whose upper angles project a little. The

costffi are very rough, and if the end of the finger is drawn along them

from the calicular margin toward the place of attachment, the projecting

points will catch in it. The costa? correspond to all cycles of septa, and

there is no alternation in size. Septa in three cycles. Pali as usual in

the genus.
'

Diameter of calice, 4 mm.; height of corallum, 9 ram.

Locality.—Lower bed. Woods Bluft", Alabama.

Geologic occurrence. Woods Bluflf bcds.

Type.—From collection of T. H. Aldrich in the United States National

Museum.
Paracyathus cylindrious sp. nov.

PI. IX, figs. 1 to lb.

This species is extremely close to P. hellus. In shape its base is pro-

portionately broader. The principal difi'erence between the two species is

in the character of their costse. In P. hdlus the intercostal fun-ows are

verynarrow; they are not so wide as the costa;; in P. cyUndrkus the costse

are not so prominent as in P. hellus, and'the intercostal furrows are much

wider. The costje are low, acute, equal in size, granulate; there are gran-

Milne- Edwards and Haime, Mod. Brit. Foss. Corals, Palajontogr. Soc, 1850-1854, p. 24, pi. iv, fig.

2, 2a-2c.
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ules also in the intercostal furrows. The granulations usually are not seen,

owing to having been worn slightly. The number ot" costiii and septa is

from 32 to 36, the same as in 1'. hdlus.

Diameter of calice

Diameter 1.5 mm. above base.

Diameter of base, about

Height of coral] um

Mm. \
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Localities.—Cveole Bliiff, Montgomery, Grant Parish, Louisiana: ^'intes

BlufF, Saline River, Arkansas.

Geologic occurrence. JacksOniaU StagC.

Type.—United States National Museum.

The very large but acute costal easily characterize this species.

They are sometimes fully 1 mm. in height.

Caryophyllia should have septa with entire margins, Ijut there is evi-

dently SO great a variation within this specimen itself in the character of the

septal margins, that it does not seem ijossible to refer it to another genus,

when, excepting this peculiarity, every other feature is typical for that

genus.

Caryophyllia texana sp. nov.

PI. IX, figs. 3 and 4.

Corallum attached, a short pedicel and scar of attachment usually

present; form short cornute, curved in plane of the shorter axis of the

calice; transverse outline elliptical. Costaj corresponding to all cycles of

septa; not prominent, regulaidy alternating in size; rather acute, surface

granulate. The presence of epitheca doubtful. Septa project but little

above the upper margin of the corallum wall, in at least four cycles, rather

stout, sides granulate. Margins entire. Septa composed of completely

fused ascending trabeculse, with line of divergence at the wall. Pali present,

stout, well developed. Details difficult to discover, because of the poor state

of preservation of the interior of the specimens. Apparently in one crown

before the tertiaiy septa. (It is because of this arrangement of pali that

the species is referred to Caryophyllia.) Details of the columella can not

be made out from the material in hand.

Greater diameter of calice

Lesser diameter of calice.

Height of corallum

Mm.

15

13

17

Mm.

12

9

13.5

Mm.

12

9

8.5

Locality.—Sail Augustiiie, Texas.

Geologic occurrence. LoWCr Claibome.

Types.—Collection of Wagner Free Institute of Science. Philadel})hia.
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This sj)ecies is represented in tlie collection of the Wagner Institute

by ten specimens, including fragments. They were embedded in a glau-

conitic sandy clay, and the interior portions have rotted away to such

an extent that the details of the sejjta, pali, and columella could not be

ascertained as fully as was desired. The generic determination seems cer-

tain, and the species is so characteristic that it can be easily i-ecognized.

The low costse separate it inmiediately from Carpoj)hyUra dalli, whose costse

are very prominent. The septal margins are widely diflterent, as the

descriptions of the two species show. The specimen represented in PL IX,

fig. 3, is interesting, because it shows apparent reproduction by budding.

I was unable to decide whether there was gemmation, or whether one coral

had simjjly attached itself to the other for support'; probably the latter

is the case.

Genus STERIPHONOTROCHUS gon. iiov.

This genus need not be described at length, because a single character

s.'parates it from (Jeratotrochus as represented by C. duodecimcostatus. The

following description of the type species of the genus, Steriphonotrodms

pnlclier s]). nov., will show its external reseniblnnce to C. duodecimcostatns,

and the similarity in the character of the columella. The septal marg-ins of

Ceratotrochus are entire, without any indication of dentations or crenations,

as a careful study of C duodecimcostatus, C. (Conotrochus) tyjms, and C. multi-

serialis showed. The septal margins of Steriphonotrochus are regularly

crenate (see PI. IX, fig. 5c).

From the manner of treating the septal margins in the ]:)receding case

of Cari/ojjhi/lUa dalll and the succeeding one of Parasmilia ludovlclaiia, it may
seem inconsistent to base a genus merely on the character of the septal

margins; but in the present instance the conditions are different. There is

no indiftei'ent variation from entire margin to crenate margin, l)ut the se})ta

of all cycles are regularly uniformly crenate where preserved intact. No
other kind of margin is represented. After examining a considerable num-
ber of species of Ceratotrochus, and searching carefully in the literature, I

have been unable to discover any species that has not simple entire margins.

For these reasons it seems to me that the })eculiaritv of the septal margins

in Steriphonotrochus is a good Ijasis for generic separation.
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Steriphonotrochus pulcher sp. nov.

PI. IX, figs. 5 to 5d.

Form subcomute, slightly curved, transverse outline elliptical. Attach-

ment area not very large. Corallum wall not very thick, a verv little

epitheca doubtfully present. Costse corresponding to all cycles of septa.

They are (on upper part of corallum) ,54 in number, are prominent, standing

up like plates; some are 1.5 mm. high, alternating in size. When viewed

in profile, the margins of the costse are seen to be wavy and ornamented

with granules. The sides are covered with granules. Near the area of

attachment the costse become much less prominent, and the number is

reduced to 24, alternating in size. These 24 septa are continued to the mar-

gin of the scar of the attachment area.

Septa weak, 54 in number; there are four complete cycles and a few

septa of the fifth. Twenty-seven septa reach the columella. The other 27

fuse by pairs to the sides of the included septum of the next lower cycle.

The upper margins of the septa are broken off in the type, and it can not

be stated whether they are very exsert. The inner margins are crenately

dentate. The sides beset with mamillate granules. Columella vesicular.

Calicular fossa deep, 6 mm. Greater diameter of calice, about 17 mm.;

lesser diameter of calice, about 13 mm.; height, 28 mm.
Locality.—Red Bluff, Wayne County, Mississippi. (Schuchert and Burns,

;

Geologic occurrence. Red Bluff bcds.

Type.—United States National Museum.

collectors
""

Genus PAEASMILIA Milne-Edwards and Haime.

Parasmilia ludoviciana sp. nov.

PI. IX, figs. 6 to 13.

1896. Parasmilia n. sp. Vaugbati. Bull. U. S. Geol. Survey 2^o. 142, p. 51.

Form cornute, elongate, curved, cross section approximately circular

or slightly compressed. Wall a pseudotheca. Costse corresponding to all

cycles of septa; moderately prominent, subequal in size. Septa very

slightly exsert, rather thin, about 32 in number; 16 reach the columella

The aiTangement is in six systems, tlu-ee complete cycles, 8 septa of the

fourth cycle.

MOK xxxix 8
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On the outside and inside of the wall the trabecula?, forming the septa

are respectively inclined outward and inward. Very little of the septa is

extra mural.

The character of the septal margins is variable. Those of the first,

second, and third cycles are usually entire, while those of the fourth cycle

are frequently dentate. The margins of the larger septa are usually entire;

of these occasionally a septum may have some dentations. Near the col-

umella, teeth are quite frequent. The smallest septa are usually dentate,

but occasionally one of these may have an entire margin. The teeth on the

inner ends of the large septa sometimes are paliform. There are no true

pali, however. A few dissepiments are present. Columella false, upper

surface papillate. Calicular fossa deep.
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minute sharp transverse undulations, 10 to 14 principal septa, between

each pair of which are one or three septa of the higher cycles. Columella

poorly developed.

Locality.—Red Bluff, Mississippi.

Geologic occurrence. Red Bluff beds.

Types,—From collection of T. H. Aldrich in the United States National

Museum; and United States National Museum.

ASTROHELIA BURNSI Sp. nOV.

PI. X, figs. 3 to 3b.

Form ramose, branches of the type material small, 8 mm. in diameter,

cross section subcircular. Coenenchyma solid; ratio of diameter of axial

3 5
corallite to that branch ^-. Surface of coenenchyma striate, striae not

very prominent. Calicular mai'gin usually elevated from 1 to 2 mm. above

the coenenchyma. Corallites arranged in irregular spirals. Distance

between corallites, from 2 to 3 mm. ; may be as much as 4 mm. Diameter

of calices, from 2.5 to 3.5 nun. Calice near terminus of a branch may reach

5 mm. in diameter. Costie corresponding to all cycles of septa, low, flat,

becoming irregular on the coenenchymal surface, with a tendency to be

nodular, densely granulate; granulations small. Calicular fossae shallow,

filling up from below with secondary deposit, connection with axial coral-

lite being obliterated. Dissejoiments present, but very few. Septa thin,

weak; arrangement is decidedly irregular; a common scheme in calices 2.5

mni. ill diameter is eight principal alternating with as many smaller ones.

In the larger calices there may be twelve principal alternating with as many

smaller ones, i. e., in three complete cycles. The calice in PI. X, fig. 3b (4.5

mm. ill diameter), shows such an arrangement. Margins of septa iiTegularly

dentate; no pali, an occasional paliform lobe; sides granulate, the granules

iiTegular in size and distnbutiou. Columella very poorly developed, formed

by the loose fusion of the inner terminations of the septa or processes from

them. Some calices, such as the one figured, are practically devoid of even

the false columella.

Locality.—Jacksoii, Mississlppl.

Geologic occurrence. JacksOlliaU StagC.

Type.—From collection of T. H. Aldi'ich in the United States National

Museum.
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Genus OCULINA Lamarck.

The followiug notes on Oculina diffusa of the West Indies may be of

interest in this connection. The wall is a true theca (PI. II, fig. 5), i. e.,

there are separate centers of calcification in the wall, which is not formed

by the fusion of the distal ends of the septa.^ The septa are solid, and are

composed of ascending trabeculae, with a line of divergence about coinciding

in position with the wall. The margins, due to projection of the trabecular

axes, are minutely dentate. The pali are lobes near the inner ends of the

septa. The columella is false, formed by the fusion of septal pi'ocesses.

Reproduction takes place by both lateral budding and by fission (septal

budding, dividing the mother calice into two daughter calices of the same

size).

Oculina vicksburgensis (Conrad).

PI. X, figs. 4 to 10.

1847. Madrepora riclcshurt/ensis Conrad. Proc. Acad. Nat. Sci. Phila., Vol. Ill, p. 296,

1848. Madrepora vicksburyensis Conrad. Jour. Acad. Nat. Sci. Pbila., 2d ser.. Vol.

I, p. 127.

1850. AstroheUa lesueuri Milne-Edwards and Haime. Annales .sci. nat., 3d ser., Vol.

XIII, p. 75.

1857. AstroheUa lenueuri Milue-Edwards and Haime. Hist. Nat. des Corall.. Vol. II,

p. 112, IM. DI, figs. 8 and Sa.

1861. AstroheUa lesueuri de Froiuentel. Iiitrod. a I'F^tude des Polyp, foss., p. 178.

1881. AstroheUa lesueuri Quenstedt. Rohreu- uud Sternkorallen, p. 071, pi. clxxx, Mg. 51.

The following is a translation of the original descrijjtion of A. lesueuri:

Corallum dendroid, forming branches from 2 to 3 centimeters in thickness, cylin-

drical, sometimes coalescent, with cceneuchyma highly developed, extremely compact,

and whose surface, which is very finely granulated, presents in addition flexnous

feeble strife. Calices circular, subequal, distant once or twice their diameter or even

more, with thin slightly prominent margins, with a cavity of only little depth. Colu-

mella weak, spongy, slightly developed, but a little more than in other species of the

genus. Fourteen principal septa alternately unequal, extremely thin, slightly flexn-

ous, subgranulate, scarcely exsert. An equal number of very small septa. Diameter

of the calices 4 millimeters. Tertiary of the Walnut Hills, on the banks of the

Mississippi (Lesueur). Collection of the Museum.

' Ortmaim, in Die Zeitschrift t'iir wisseuschaftliclie Zoologie, Vol. L, 1890, p. 309, writing of

Oculin.i dillnsa, says: " Oeulina hat mit den iibrigeu .sog. Ociiliuiden (AmpUihi-lia, Acrohelia, Lopho-

helia) absolut nicbts zu tbim, sondorn gebcirt iu die Verwandtschal't von Heliastni'a. Von ersteren

untersclieidet sie sich vor alien Diugi'U durch das Felileu der ephten Maner." A comparison of PI. II,

fig. 5, of this work, with Ortmaun's statement, shonld be made. The figure shows an undoubted

so-called true theca.
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This description, although excellent, does not take into consideration

all of the characters of the species, nor some of its important variations.

The mai'gins of the calices may be slightly elevated or very greatly

elevated. In some instances they may project as much as 2.5 mm., or in

extreme cases even 4 mm. The elevated jjortion of the corallites is subcylin-

drical. Costje are well developed in the region of the calicular margin, but

are low and rounded. The depth of the calice is variable; it is shallow

in low corallites, and deep in elevated corallites. The septa are usually thin,

but may be moderately strong. The margins are regularly and minutely

dentate. Near the inner termination of each of the principal septa, just

before it joins the columella, there is a distinct, moderately wide granulate

palus, or a strong jjaliform tooth. From the constant presence of these lobes,

I place the species in the genus Oculiuit. In Astrohelia palmata (Goldfuss)

from the Chesapeake Miocene, small lobes of quite similar character fre-

quently occur on the principal septa. Dissepiments are present, but are not

abundant. The size of the calices is necessai'ily variable; the usual size is,

as Milne-Edwards and Haime state, 4 mm. It varies from about 2.5 mm.
to 5 mm.

Localities.—Vicksburg and Byrams Ferry, Mississippi.

Geologic occurrence.—Vlcksbiu'g aud Rcd Bluff beds.

Specimens.—United States National Museum (a magnificent suite) ; Wag-
ner Free Institute of Science; collection of T. H. Aldrich; Academ}- of

Natural Sciences of Philadelphia; Boston Society of Natural History;

Museum of Comparative Zoology, Cambridge, Massachusetts ; Mustjum

d'Histoire Natm-elle of Paris.

The Mihie-Edwards and Haime types of A. lesueiiri are in Paris.

Conrad's types may be in Philadelphia, but I am not positive.

Dr. William H. Dall possesses a series of four plates, engraved by
Lesueur, representing the fossils found at Vicksburg (Walnut Hills), Missis-

sippi. PI. I, fig. 14, represents a coral, most probably Oculina vickshurgensis

(Com-ad).

The following not6s give a few details of the finer structure: The struc-

ture of this species and of Oculina diffusa, as nearly as could be made out, is

identical. The specimens are not sufficiently well preserved to permit the

character of the wall to be made out with certainty, but it seems to be the

so-called time theca.
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The dense coenenchyma which is laid down on the stock is of spe-

cial interest This is deposited in layers parallel to the surface of the stock,

and is striate perpendicularly thereto. This coenenchyma is composed of

minute calcareous bars which break into small blocks. As yet I have been

unable to find calcification centers or nuclei from which the bars radiate.

In some places a faintly radiate arrangement could be distinguished. I

could not even make out the calcification centers in the septa where we

know they exist, so there may have been the usual radiate structure in the

ccenenchyma also. The interseptal loculi are filled, as Hinde has repre-

sented to be the case in Septastrsea.

OcuLiNA MississiPPiENSis (Conrad).

PI. KI, all figs.

1847. Madrepora mississippiensis Conrad. Proc. Acad. Nat. Sci. Phila., Vol. Ill, p. 296.

184:8. Madrepora mississi2>piensis Courad. Jour. Acad. Nat. Sci. Pliila., 2d ser., Vol. I,

p. 127, 1^1. xlii, tig. 22.

Lesueur Planches incdites, No. 5, fig. 15 aud perhaps also figs. 12 and 13 (fide

Milne-Edwards and Ilaime).

1850. OcuUna aiiierivuna Milne-Edwards and Haime. Annales sci. nat., 3d ser., Vol.

XIII. p. 70.

1857. Oculina americana Milne-Edwards and Ilaime. Hist. Nat. des Corall., Vol. II,

p. 108.

18G1. Oculina americana de Fromentel. Introd. a I'lStude des Polyp, foss., p. 170.

ISGG. Dendrophyllia mississippiensis Courad. Check List, p. 2G.

•The following is a translation of Milne-Edwards and Haiiue's original

description of Oculina americana:

Branches cylindrical, calices circular, considerably crowded together, disposed

according to rather regular spirals, terminatiug in distinct tubular mamelons opening-

upward. The terminal calice is in general larger than the others. Costal striaj not

very pronounced, very fine, tlexuous, slightly unequal. Fossa of the calice not deep.

Columella and pali moderately developed. Septa in three complete cycles; in addition

in one of the halves of two systems, one observes constantly septa of a fourth cycle,

and the tertiaries comprehended between these attain a development almost equal to

that of the secondaries, and coalesce near the internal margin of the secondaries.

These septa are crowded together and are slightly exsert.

We have observed only isolated branches about 2 centimeters in size; the

individuals are or 7 millimeters at their base, only three at the calice.

Fossil from the middle tertiary of the Walnut Hills, on the banks of the

Mississippi:

Coll. Mus. (Lesueur).'

' Milnp-Edwarda and Haime, Annales soi. nat., 3il ser., Vol. XIII, 1857, ]). 70.
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Milne-Edwards and Haime considered this species and their Astrolielia

'lesueuri as Miocene, but the Tertiary of Walnut Hills is well known to

belong' to the Vicksburgian Oligocene of Conrad, Dall, etc.^

Notes on Conrad's type, in the collection of the Academy of Natural Sciences of Philadelphia. Coill'ad

has described a young branch that does not show the characters of the adult

specimens well. The calices are prominent and the corallites are more

inclined to the axis of the colony than is usual.

Mm.
Greater diameter of corallite at base 5

Greater diameter of corallite at calice 4

Lesser diameter of corallite at base 4

Lesser diameter of corallite at calice 3. 75

Height of corallite (measured on side) 2. 5

Oue corallite has a height of -l. 2

The specimen is so much worn as not to permit the surface ornamen-

tation to be made out well, but it is evidently of the type characterizing the

typical Oculina americana of Milne-Edwards and Haime. This species

presents an enormous amount of variation. The figures (PI. XI) show it

graphically.
^
From an inspection of the illustrations one would be inclined

to think there are no tangible specific characters, but there are several good

ones. The septa are very thin, and neither pali nor paliform teeth are well

developed. Because of the latter fact I have doubted whether the species

should be referred to Oculina. The other specific distinction lies in the

character of the coenenchymal surface. This is usually thrown into humps

or folds, especially around the bases of the projecting portion of the

corallites; and it is covered by wavy, often disconnected, striae. The striae

are almost concentric around the basis of the* free part of the corallites.

The coenenchymal surface in Oculina vickshurgensis is more regular, the

striae are more continuous, and usually follow a g-eneral longitudinal course

quite closely. These features are indicated by the figures.

' See Conrad, Am. Jour. Sci., 2d ser., Vol. II, 1846, p. 210.
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OCULINA SINGLEYI Sp. TIOV.

PI. X, figs. 1 to 2a; PI. XII, flgs. 1 to 3a.

Colony ramose, branches attaining almost 2 cm. in diameter, irregular

in form, but usually subcylindrical. Coenencliyma thick and very dense;

surface granulate and ornamented in addition thereto by fine flexuous stria?.

Calices deep, circular, size varying greatly; the young calices on young

branches or the young calices on old branches are much smaller than the old

calices; diameters, from 1.75 to 4 mm.; usual size, from 2. .5 to 3 mm. ; distri-

bution on the corallum irregular, on young branches they may be slightly

crowded, on old bi-anches they may be very distant, but the distance from

one calice to that standing nearest to it rarely or never exceeds twice its

diameter; margins usually prominent. On the outside of the projecting

part of the corallites are prominent granulate costiB alternating in size.

They project sliglitlv above the calicular mai'gin and connect with the

corresponding septa. Septa rather weak, in many instances very frail, or

they may be rather stout, sides granulate; margins minutely dentate;

three com2:)lete cycles; six systems. In the largest-sized calices there are

frequently a variable number of members of the fom-th cyclfe. Pali small

and fragile or fairly large, irregular in shape before all cycles of septa

except the last. Colun:iella moderately developed, spongy.

Localities.—Smithvillc, Bastrop Country, Texas; Moseleys Ferry, Brazos

Rivei', Burleson County, Texas; Wheelock, Robertson County, Texas;

Alabama Bluff, Trinity River, Houston County, Texas.

Geologic occurrence. -LoWCr Claibome.

Types.—From collection of J. A. Single}" deposited in the United States

National Museum. Specimens represented in PI. X, figs. 1 to 2a, from col-

lection of Wagner Free Institute of Science.

This species resembles Oculina mississippiensis of Conrad rather

closely, but it may be separated from the latter species chiefly by its

deeper calices and tlie prominent costas on the outside of the elevated

portion of the corallites. These characters are well expressed in PI. XII,

fio-.s. 2a and 2b.
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OCULINA ALABAMENSIS Sp. nOV.

PL XII, figs. 4 to 7.

In the collections of T. H. Aldrich and of the United States National

Museum are seven pieces of branches of a new Oculina, from Greg'gs

Landing, Alabama. Tlie branches are small, the longest between 20

and 25 mm. in length, and are very irregular in shape. The greater

diameter of the thickest piece is 9 mm.; one of the smaller pieces has a

diameter of about 4.5 mm. The coralhtes usually project somewhat above

the coenenchymal surface, but are not greatly elevated; about 1.5 mm. is

the maximum height of the projecting portion. On the outside of the free

part of each corallite are distinct costae corresponding to all septa. The

costge of the last cycle may be decidedly less prominent than those of the first

and second cycles, which are nearly (if not precisely) equal. In profile

they are usually flattish, and are densely granulate. The coenenchymal

surface very often shows no costse or strii3e, but is densely granulate; other

specimens, especially worn ones (see PI. XII, fig. 7), show distinct costse.

The calices are moderately deep, show no definite arrangement. The

distance between them is from 0.5 to 2 mm.; their diameters range

from 1.5 to 2.5 mm.; a very little more than 2 mm. may be considered the

average. The septa are in three complete cycles. The margins of those of

the first and second cycles are somewhat exsert. The first and second cycles

reach the columella, and have on the inner edges, just before reaching the

columella, small, thin, weak pali. Their sides are minutely and densely

granulated. Columella spongy, not greatly developed.

Locality.—Grcggs Landing, Alabama.

Geologic occurrence.—Grcggs Landing substagc of the Chickasawan.

Types.—From collection of T. H. Ahbich in the United States National

Museum; and United States National Museum.

This species is easily recognized by the small size of its calices and its

fragile character.
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OCULINA HARRISI Sp. nOV.

PI. XII, figs. 9 aud 9a.

This species is based on one specimen, the end of a branch, but it is

very well pre8er^•ed.

The length of the branch is 85 mm.; diameter of its lower end, IT)

mm., of its upper end, II mm. The branch tapers but little and has a

blunt termination. The cosnenchyma is very solid; its surface is marked by
rather fine, low, granulated strite. The calices are distributed in rather

regular spirals; the usual distance between two, measured on a spiral, is

4 mm., but in one exceptional case the distance is \0 nun. The margins are

thin, project abruptly about 2 mm. above the coenenchyma; some are lower,

aud one is 3.5 mm. high. Externally the corallite walls are marked bv
rather broad, low costse, alternating in size and cori-esponding to all cycles

of the septa. The average diameter of the calices is 5 mm.; the smaller

ones are 4.5 mm., and one large one has a diameter of 0.25 mm. There is

practically no difference in the diameter of the corallite at the ccenenchymal

surface and at the calicular margin. Calices deep, wide open. Septa thin,

weak; a common arrangement is 14 prinei})al and 14 small septa, i. e., three

complete cycles in six systems, and four of the fourth cycle intercalated in

the two half systems on each side of the uppermost primary. Two septa

of the third C3'cle usually reach the columella in the two half systems on

each side of the uppermost primary. These two tertiaries and the second-

aries may be more prominent than the primaries. The margins are finely

and regularly dentate. The pali are merely arched lobes near the inner

terminations of the larger septa. They are usually distinct, but sometimes

are confused with septal dentations; in some cases they are very broad.

They are thin, and have granulated sides. Columella very poorly developed,

formed by the lax fusion of the inner septal terminations. Dissepiments,

if present, very rare. The calices fill up from below and obliterate the con-

nection with the axial corallite.

Locality.—Red Bluff, Mississippi.

Geologic occurrence. Red Bluft Ijcds.

Type.—United States National Museum.

The species is characterized especially by (1) the blunt termina-

tion of the branches, which taper very slightly toward the apex; (2) the
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diameters of the corallites at their bases and circular margins being practi-

cally the same; (3) the thinness of the margins of the calices, the thin septa

and pali, and the lax columella.

OCULINA ALDRICHI sp. DOV.

PI. XII, figs. 8 aud 8a.

The species is described from a small but excellently preserved piece

of a branch.

The branch is small; does not taper i-apidly toward the end. Coenen-

chyma solid, .surface finely striate longitudinally, granulations not apparent.

Corallites in rather definite spirals, inclined toward the termination of the

branch, usually rise very little above the coenenchyma, occasionally as much
as 2 mm., scarcely constricted at the calicular margin. Distance between

calices on a spiral about 3 mm.; sometimes a little more or a little less.

Externally on the corallite wall there are low subequal costse corresponding

to all cycles of septa. Wall at calicular margin rather stout; diameter of

calices, 4 to 5 mm.; calices not very deep. Septa rather thin; usual

arrangement, 14 principal and as many smaller ones, i. e., three complete

cycles of six systems, and two members of the fourth cycle in each of the

half systems on the sides of the uppermost j^rimary. The tertiaries in the

half systems on each side of that primary usually reach the columella.

Members of the fifth cycle are sometimes present in the quarter systems next

the uppermost primary. Margins finely dentate, sides finely granulated.

A very few dissepiments present. Pali erect, rather slender lobes near the

inner terminations of the septa; they may be double. Columella poorly

developed, formed by the fusion of the inner terminations of the septa or of

septal j^rocesses. The basal portions of the corallites fill up by internal

secondary deposit.

Locality.—Byrams Ferry, Mississij^pi.

Geologic occurrence. Ecd Bluff beds.

Type.—From collection of T. H. Aldrich in United States National

Museum.
OCULINA (?) SMITHI sp. nov.

PI. XII, figs. 10 to 11.

Form dendi'oid or branches coalescing to form small flabelliform

masses. Coenenchyma very solid. Corallites projecting .slightly or not at

all. On small branches arrangement in rather regular spirals; wlien the



124 EOCENE AND LOWER OLIGOCENE CORAL FAUNAS.

branches fuse, the arrangement very irreguUir. Diameter of corallites

2 mm.; distance between them usually about 3 mm. Calieular fossa

usually appears very deep, because the septa and columella are broken

away. In the best-preserved specimens it is moderately deep. Septa in

three complete cycles of six systems. Pali (?). Columella fairly well

developed, spongy.

Locality.—Prairic Creek, Alabama.

Geologic occurrence. Midway bcds.

Types.—United States National Museum.

This species is based on very poor material, and is described more for

the purpose of making the treatment of the fauna of the Midway beds as

complete as possible than for any other reason. There are five specimens

in the United States National Museum, evidently belonging to the same

species of Oculinoid coral. The species is referred doubtfully to Oculina,

because the probability seems greatest that it belongs there, but the interior

of the calices has been destroyed to so g-reat a degree that the presence of

pali can not be determined. The three characters, (1) the coalescing of

the branches into flabelliform masses, (2) the dense coenenchyma, (3) the

small size of the calices, wlien taken together, readily distinguish the species

from any other coral of the same group found in our Eocene deposits.

PL XII, fig. 11, represents a small branch with prominent calices; the

highest projects 2.25 mm. Fig. 10 (PI. Xll) shows the habit of growth

and the appearance of an eroded mass ; the calices rather surely never

projected nuu-h. Fig. 10a (PI. XII) is of a calice with the columella broken

do\\n; it shoAvs the arrangement of the septa.

Genus AMPHIIIELIA Milne-Edwards and Haime.

Amphihelia natchitochensis SI), nov.

PI. XII, figs. 12 to 18.

1896. Amphihelia n. sj). Vauglian. Bull. U. S. Geol. Survey No. 142, p. 49.

The specimens are poorl}' preserved, l)ut the method of growth,

arrangement of calices, and manner of budding is the same as in the genus

to which it is referred.

Although we have not obtained perfect masses, the form of the colony

is evidently dendroid. Branches small, the largest that we have being 11

mm. in diameter and the smallest 1.75 mm. in diameter. The cross section
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of a branch is subquadraugular, the angles rounded. The greater diameter

of a branch is at right angles to the plane containing the calicos. Costse

not prominent and confined to a small area just below the outer edges of

the calices. Coenenchymal surface almost devoid of ornamentation ; a few

irregular, flexuous striae. Distance between calices usually about 5 mm.

Calices of two kinds, (1) not prominent, and (2) very prominent, the

max'gin of the most elevated standing 3.5 mm. above coenenchyma. Those

calices produced by the alternate l^udding are usually not prominent, while

those produced by budding from these are frequentlj^ very elongate. The

calices are nearly circular, and range in diameter from 1.3 to 2 mm.; very

deep—one has a depth of 3 mm.

Septa in six systems, three cycles ; those of the first and some members of

the second cycle have slightly exsert margins. The sides of the septa are

gi'anulate, and their margins show minute dentations. Columella distinct,

deep down in the calices, spongy, and rather poorly developed.

Localities.—Natchitochcs, Louisiana; San Augustine, Texas.

Geologic occurrence. LoWOr ClaibomC.

Types.—United States National Museum.

This is another species that closely resembles a sjiecies from the Lower

Oligocene of Jekaterinoslaw. The species with which it has apparent affini-

ties is described by Sokolow as Diplohelia sp.^ About the only dift'erence

found between the foi-ms, after an examination of Dr. Sokolow's types, was

that the calices of the Russian species are closer together than in the species

from Natchitoches, Louisiana, a difference so slight that the two may per-

haps be placed in the same species.

Geuus CCELOHELIA gen. nov.

Budding dichotomous, alternate, occasionally double. Corallum evi-

dently dendroid. Coenenchyma compact. Calices rather prominent, dis-

posed in two opposite rows. Costse exist only just below the margins of

the calices and are insignificant. The remainder of the outer surface of

the corallum shows no ornamentation; if it possesses imj, there are only

minute granulations. The septa are scarcely exsert at all ; in three cycles

of six systems; thicker at the wall. The margins show minute transverse

'Die unteroligociine Faun.a der Glaiikoiiitsande bei der Eisenbaliuhriicke von Jekaterinoslaw:

M^m. du Comitc Geologique (Russia), 18!tl, pp. 99-100, fig. 12 (iu text), pi. ii, figs, la-lf.
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undulatious, and also some small dentations. One crown of pali before

the second cycle of septa, Calicular fossse very deep. No columella.

Internal cavity of corallites not filling up. No dissepiments were seen.

After repeated attempts to place this coral in one of the recognized

Oculinid genera, I have decided that it is necessary' to make a new generic

designation for it. The genera of Oculinidse, with dichotomous budding,

and calices arranged in two opposite rows, are Neohelia' Moseley, Lopho-

helia^ M.-Edw. and H., Ampliihelia- :M.-Edw. and H., Enallohelia= d'Orb.,

Euheha- M.-Edw. and H., Acrohelia- M.-Edw. and H., Cyathohelia- M.-Edw.

and H., Bathelia^ Moseley, and Tiarodendron** Quenstedt.

Tiarodendron has large calices and large prominent costa^, so it can be

dropped from consideration at once. The following genera have no pali, so

they can not be further considei'ed: Neohelia, Lophohelia, Diplohelia, and

Acrohelia.^ I do not know whether Enallohelia and Euhelia possess them.

The former has a styliform columella and the latter turbinate corallites with

a rudimentary columella. Only Cyathohelia and Bathelia remain. The

former has septa with jjrominent (exsert) margins, and both have well-

developed columellje. From this resume of the points of difference between

Coelohelia and the other Oculiuids possessing the same mode of growth, it

will be evident that this is a very distinct genus. According to Duncan's

classification of the ( )culinidae, it belongs in the alliance Oculinoidea, and

seems to stand nearest Bathelia. The last-mentioned genus has deep,

widely-open calices, with four cycles of septa and a single crown of pali.

The columella is large and composed of numerous trabecular. The differ-

ence between Coelohelia and Bathelia ^ is thus narrowed down to the latter

possessing a well-developed columella, while the former does not.

In the following specific description some of the characters stated in

the generic description are repeated.

'Moseley, Deep sea corals: Challeuger Reports, pp. 176 and 177.

^Duucan, Revisiou Geuera Madreporaria : Journ. Limi. Soc., Loudon, Vol. XVIU, 1884, pp. 37-44.

^Quenstedt, Eiihren- uud Sterukoralleu, p. 739-741, pi. clxxii, (if;8. 1-10,

•Milne-Edwards and Haime, Hist. Nat. des Corall., Vol. II, p. 120.

* Duncan, op. cit., p. 44.
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CCELOHELIA WAGNERIANA Sp. TIOV.

PI. XII, figs. 19 to 19b.

There is a single specimen of this species in the collection of the Wag-
ner Institiite. Its size and general appearance are shown by PI. XII, figs.

19 and 19a. The calices are primarily an-anged in two rows, opposite each

other, one on each side of the branch. The budding may sometimes be

double, but the general bilateral symmetry of the branch is not lost. The

calices are elliptical, the longer axis being parallel to a plane passing verti-

cally between the two rows of corallites. Measurements of two calices are

as follows

:
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Locality.—Peach Tree Landing-, Alabama River, Alabama.

Horizon.—Greggs Landing, Chickasawan stage.

Type.—Wagner Free Institute of" Science.

T'amily STYLOPHORID^E Zittel (snbfaixi. IVI.-EcIav. and H.).

Genus MADRACIS Milne-Edwards and Haiine.

Madracis ganei sp. nov.

PI. XIII, figs. 1 to 7.

189G. atylophora n. sp. Vaugban. BulL TJ. S. Geol. Survey No. 142, p. 49.

Colony branching-; branches approximately circular in cross section;

diameter of branches from 5 to 14 mm. Surface between calices rough,

granular; no costse. Calices shallow, subcircular, or elliptical, small; diameter

about 2 mm.; usually about 2 mm. apart, margins very slightly elevated.

Septa usually ten, which reach the columella; a variable number of smaller

septa; thicker at the corallite wall, slightly exsert; sides minutely and

in-egularly granulate. Dissepiments abv;ndant. Columella stout, styliform,

below the projecting point very thick. The axes of the colonies are spongy,

but l)etween the central spongy axis of a colony and the bottoms of the

calices the corallites are almost entirely filled with dense, solid, internal cal-

careous deposit.

Locality.—Natcliitoclies, Louisiana.

Geologic occurrence LoWer Claibome.

Types.—United States National Museum.

Named in lionor of Dr. H. S. Gane.

The following gives some of the minute details of this species, and, for

purposes of comparison, some notes on the recent West Indian Madracis

decactis (Lymau) and Madracis mircdnlis (Duchassaiug and Michelotti):

This species agrees in every essential character with Madracis mirahilis

of Duch. and Mich, and witli Madracis decactis of Lyman—all of which agree

with the orio-inal characterization of the g-enus.

In the cross section of a, corallite of M. ganei a styliform columella can

be seen between the thick and inner ends of the septa and the calcareous

deposits that surround them. The columella probal)ly has been broken

out of those calices that seem to contain none, or rather which seem to

possess only a false one. Quite often a single dissepiment is seen in the

cross section of one interseptal loculus. The wall appears to belong to that

t}'pe known as a true theca. The septal margins are finely dentate. As
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the septa are short, only a few dentations are seen. In this species the

presence of more than ten septa is rare. But occasionally there are rudi-

mentary septa of a higher cycle in a few interseptal loculi, as Gregory found

to be the case in M. decactis^ (Lyman). The general features are the same

as in M. ganei. Frequently between the outer septal ends there is a

slight bulging inward corresponding to the intervening true thecal calcifi-

cation centers. These slight projections should probabl}^ be considered very

rudimentary septa.

The resemblance of M. mirabilis (D. and M.) to M. ganei is remarkably

close considering that they are so widely separated in geologic time.

The two species are, however, specifically quite distinct; they only belong

close together in the same genus. The calices of mirabilis are only about

1.5 mm. in diameter, while the smaller calices of ganei usually measure 2

mm. There are other differences also. Quite frequently rudimentary

smaller septa exist in mirabilis between the larger septa. The inner part of

the septal margins is dentate, but the part that is exsert has an entire

margin: with a hand lens no dentations could be detected.

Fowler^ has published some very interesting notes on Madracis asperiia.

Although it is a digression to introduce them here, it may be permis-

sible. The more salient points are: The tentacles are both ectocoelic and

entocoehc; the septa occur between pairs of normal mesenteries; the

directive mesenteries are well developed, but do not (as is the case in

Pocillopora and Seriatopora) always coincide with the axial and abaxial

plane of the branch; there are peripheral lamellae of the mesenteries in

areas immediately surrounding the polyps. Von Heider has published an

interesting paper, '' Mudracis pharensis Heller," in which notes are made on

most, if not all, of the then known species of the genus.^

MADRA.CIS .JOHNSONI sp. IIOV.

PI. XIII, figs. 8 to 11.

Form ramose; large, thick, compressed branches; surface granulate;

no costfE. Sometimes longitudinal, elevated, more or less granular lines.

Cahces with a more or less spiral arrangement; sometimes decidedly spiral.

'Quart. Jour. Geol. Soc. Loudon, Vol. LI, Aug., 1895, p. 258, fig. 1.

2 Quart. Jour. Microsc. Sci. (N.S.), Vol. XXVIII, No. Ill, Feb., 1888, pp. 4U-416.

^Koralleustmlien, Arbeiten aus d. ZoiUo};. Institut zu Graz: Zeitsch. fiir wiss. Zoiilogle, Vol.

LI, 1891, pp. 316-31'2, pi. xxiv.

MON XXXIX 9
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sometimes only obscurely so. Margins not at all elevated. Calices elliptical

;

longer diameter about 3 mm., shorter 2.3 mm. Septa not exsert, usualh' 9

or 10, all of which reach the columella; there are usually about the same

number of smaller septa. They are moderately thick; thicker at the wall

and where they join the columella. Margins granular; cavity filling up

below. Columella short styliform, considerable calcareous thickening

around it. Dissepiments present, thin.

Localities.—Sau Augustiue, Texas; Alum Bluff, Colorado River, Texas.

Geologic occurrence. LoWCr ClaibornC.

Types.—Wagner Free Institute of Science.

I have referred this species to Madracis with considerable hesitancy,

because the collumella is so often nonstyliform, but it frequently is stj'li-

form. This species and Madracis ganei undoubtedly belong to same genus.

The distinguishing features between the two are: M. johnsoni has com-

pressed and larger branches, and larger calices, which are much more

crowded and are arranged more regularly.

Madracis geegoeioi sp. nov.

PI. XIII, figs. 12 aud 12a.

Colony small, branching. Corallites ci'owded together, A'ariable in shape,

joined directly by their walls, very little or no ctrnenchyma. Walls not

thick; upper surface rough. The immediate line of fusion of the walls of

neighboring corallites is indicated by a small distinct ridge. The margin

of each calice is marked by a small zigzag ridge. Between the ridg-e around

the margin of a calice and the ridge marking the line of fusion between the

walls of two corallites there is a slight groove. Calices shallow. - The

principal septa are ten in number; occasional rudiments of intermediate

ones are seen ; their faces granulate. At first they are weak, bixt become

secondarily thickened. Columella small, styliform, tliickening in old calices

by deposit around it.

Diagonal diameter of calice 2.5 mm. (this is probably an average size);

wall about 1.6 mm. in thickness.

Localities.—Hatclictigbee Bluff, Tuscahoma Landing, and Greggs Land-

ing, Alabama.

Geologic occurrence. CllickaSaWaU StagC.
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* Types.—From collection of T. H. Aldricli in the United States National

Museum.

This is merely a species of Madracis with more crowded and more

irregularly shaped calices than in the two other species.

Genus STYLOPHORA Scbweigger.

Stylophoua minutissima sp. nov.

PI. XIII, figs. 13 to 15.

In the United States National Museum are several small branches of

this species, weathered out of a cherty limestone. The best-preserved and

the most easily studied branch measured 15.5 mm. in length and 2.5 mm. in

diameter. The cross section of the branch is circular. The calices are

shallow, and are arranged in regular ascending spirals. Their distance apart

is about 1 mm. They are elliptical in shape, the greater diameter 0.7 mm.,

the smaller 0.5 mm. The margins not at all prominent, only a slight bulg-

ing upward of the surface in the calicular region. The coenenchymal surface

has suffered corrosion, but certainly is granulate, and may have in places

possessed some longitudinal striations. Six stout septa reach the columella;

no indications of a second cycle. The six septa in places seem so thickened

that they almost close the lower part of the calicular cavity. Four pits,

each between a pair of septa in the segment of the calice toward the distal

end of the branch; two on each side of a vertical plane through the longer

axis of the calice are deej^er than the two pits at the other end of the calice

(cf. PI. XIII, fig. 14). The columella is stout. It was not possible to

determine Avhether or not dissepiments exist.

Locality.—Russell Sprfugs, Fllut Rivcr, Georgia.

Geologic horizon.—Vlcksburgiau stage, Ocala group.

Type.—United States National Museum.

Tiiis species has an extremely close resemblance to Styhphora affinis

Duncan,^ from the Nivaje shale of San Domingo. The resemblance is

especially close to the var. minor. The points of difference are: The calices

of St. affinis are circular, while in 5'^. minutissima they are elliptical; between

the corallites of *SV. affinis there is on the coenenchyma a distinct raised

ridge, while no such ridge exists in St. minutissima.

' Duncau, Quart. Jour. Geol. Soc. London, Vol. XIX, 1863, pp. 436-437, pi. xvi, fig. 4.
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STYLOPHORA rONDEROSA sp. IIOV.

PI. Xiri, fig. IG; PI. XIV, figs. 1 to 11).

Cdralluiu, subplane or rounded masses, the largest of an irregular form,

40 cm. across and 10 cm. thick. Calices shallow, small, crowded; diameter,

1 mm.; distance ai)art, 0.5 nmi. The cojnenchymal surface is preserved in

its original condition on none of the numerous specimens in the United States

National Museum; therefore its character must be deduced from the sec-

tions parallel to the long axes of the corallites. As shown by PI. XIII, fig. 16,

the ccEuencliyma is laminate. PI. XIV, fig. lb, represents a portion of the

weathei'ed surface of a specimen seen in longitudinal section; PL XIII, fig. 1 6,

is a magnified, thin, longitudinal section. In the former figure the laminae

are seen to be joined to each other liy vertical elevations, while the latter

figure shows light-colored laminae, with tall sjiines of the same material.

The higher lamina may rest on the spines (or echiuulations) of the lower, or

the spines may not quite reach from the lower to the next higher lamina.

The spaces intervening between the laminte and spines are filled by darker

material.

It is extremely difficult to determine exactly how iiiucli of the orig-inal

structure has been completely obliterate<l. In the instances where the spines

do not reach from the lower to the next sujjei-imposed lamina, we may have

a secondary condition, brought about by chemical changes in the corallum.

In some ])laces in the thin section the white calcite can be seen passing grad-

ually into the darker, more amorphous material.

The following probably represents tlie original character of the crenen-

chyma: Coenenchyma, laminate, surface covered by tall erect spines (echinu-

lations); each succeeding lamina in general rests on the summits of the

echiuulations of the immediateh' preceding lamina.

Septa, six well developed, reaching the columella ; (juite often rudi-

ments of a second cycle can be distinguished, but only the first cycle is

well developed; they are thicker at the wall. The usual ap])earance of

the specimens is to have no septa at all, they having been destroyed in the

process of fossilization. Dissepiments are present, but their details could

not be made out. The corallite cavities usually are filled with solid

calcite or are rotted out and hollow. The columella is moderately stout

and styliform.
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Lopaiity.—Salt Mountain, 6 miles south of Jackson, Alabama.

Geologic horizon.—Lowei' OllgocGne, from the Coral limestone overlying- the

Vicksburg- beds.

Types—United States National Museum.

This species is absolutely peculiar for the North American Tertiary

deposits; nothing- even resembling- it is known from either the continent or

the West Indian reg-ion.

Family ASTIlA]SrG-ID.gE Verrill.

Genus ASTRANGIA Milne-Edwards and Haime.

The three following species have given me great trouble, and I am not

thoroughly satisfied with the treatment of them, but with the material at

hand it is the best possible.

ASTRANGIA EXPANSA Sp. nov.

PI. XIV, figs. 3 too.

1890. Astrangia n. sp. Vaiigban. Bull. U. S. Geol. Survey No. 142, p. 51.

This species is based on four specimens, one from Jackson, Mississippi,

from the collection of T. H. Aldrich; and three from Montgomerj^, Louis-

iana, in the collection of the United States National Museum. Apparently

the best method of presenting the specific characters is to begin by describing

the simplest specimen, and to compare the others with it. This specimen,

of which the following- is a description, is represented by PI. XIV, figs.

3 to 3b; it is from the collection of Mr. Aldrich.

Colony incrusting, the specimen is attached to a valve of Barhatia

cucuUoides (Conrad). The base is much expanded, producing a thin coating

of considerable extent on the shell. The new corallites arise from basal

expansions of the old, sometimes at the base of the old, sometimes at a

considerable distance away, but are not at all crowded. The figure shows

their arrangement with reference to one another. The surface of the

expanded base possesses striatious, radiating around the corallites. Cor-

allites slightly elevated—2 mm. Their outer surface corroded, jjrevent-

ing the costal characters from being studied. Tlie central corallite of the

colony nearly circular in outline, with a diameter of 3 mm. The other

corallites more or less elliptical. External surfaces of the corallites obscurely

costate. The walls not very thick. Septa in three complete cycles with a
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considerable number of septa of the fonrtli: about lialf of the septa reach

the cokiraella. The septal faces granulate. Eudotheca present, though

not abundant. Columella large in proportiori to the diameter of the coral-

lite ; very vesicular.

The other specimens considered are from Montgomery, Louisiana.

The specimen represented in PI. XIV, fig. 4, resembles the one

already described in the size and general arrangement of the calices,

but the corallites are more ci'owded. The expanded base possesses

strong costaj, which are beaded along the summits and are regularly

alternately larger and smaller in size. The costpe on the outer surface of

the corallite wall are similar in character. The costje are not acute, but

are somewhat rounded. This specimen is attached to a shell of Pseudoliva

vdusta (Com*ad).

The features of importance in the next specimen are: One large calice

has a longer diameter of 5 mm., and a shorter diameter of 4 ram., but

another calice has a diameter of 3 mm. The corallites are crowded.

Tlie last specimen (PI. XIV, fig. 5) is almost certainly an abnormalitv.

The basal expansion spreads over some Serpula tubes and an undetermined

piece of coral which in cross section has a decidedly Astrangioid appearance.

The corallites of the incrusting colony frequently have the appearance of

having budded ofi" from the basal object of support. But a section cut

longitudinally through two corallites of the colony, and transversely

through the object of fixation, showed no connection at all between the

corallites and the latter. Except for tlie irregularities due to the very

uneven surface of the mass to which the colony is attached, the surface of

the expanded base presents the same characters as those already given.

The corallites are usually rather distant, several millimeters apart. The

distance between them is freqiiently determined by a Serpula tube, a coral-

lite being on each side of it. The diameter of the calices usually varies

from 2. ,5 to 4 mm., and they do not stand very high above the basal

expansion. One corallite, however, is peculiar; its calice has a diameter

of 5.2;") nun., and projects 7 nun. above the basal expansion. This large

corallite shows no characters, except abnormal size, that would suggest its

being different from the other corallites of the various specimens of the

species studied. The character of its costal markings, the costal arrange-

ment, the nnnd)er of septa, and the columella in all of the noncoiToded

corallites are the same. The basal expansion at the baseof this corallite seems
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plastered over its costse ; therefore I am not sure that it may not be con-

nected with the piece of coral which the colony incrusts. A few words

should be added about this latter piece of coral. Its length is 22 mm.;

the whole is occupied by one zooid. The greater diameter at the larger

end is 9 mm., the lesser 6.5 mm. The piece was cut across about 14 mm.
from the larger end. Here the greater diameter is 6.5 mm.", and the lesser

5.5 mm. There are 48 septa on the section, half of which reach the colu-

mella. The columella is large and vesicular. It can not he proved, but

I strongl}^ suspect that every part of the coral portion of this specimen

belongs to the same species. Possibly excepting the axial piece, which is

the object of attachment, I am sure all of the other is of one sijecies, if not

absolutely of the same colony.

After reading the above, one will see that enough material for a thorough

vinderstanding of this species has not yet been collected. From the data

above given it certainly should be easily identified when foimd in the

future.

Localities, etc.—Already stated in the description.

Horizon.—Jaclvsouiau stas'e.^o^

ASTRANGIA LUDOVICIANA Sp. IIOV.

PI. XIY, figs. 6 to 7.

Colony incrusting, reproduction by budding from basal expansion or

by lateral gemmation. The distribution of the corallites in the colony is

shown by the figures. The surface of the basal expansion finely granulate,

with or without fine costal striation. The outer surface of the corallites,

just below the calicular margins, marked by small but distinct costfB,

usually alternating in size. The costfe on the specimen represented in

PL XIV, fig. 7a, extend to the basal expansion and are subequal in size.

The height of the corallites varies from 0.5 mm. to 1.5 mm.; they may be

subcylindrical in shape or slightly constricted at the calice. The diameter

of the calices varies from 1.5 to 2.5 mm. The septa have slightly exsert,

minutely dentate margins; the paliform dentations are indistinct or absent.

The number of the septa varies from 20 to 28, one-half being larger, and

usually all of the larger septa reacli the columella. The septal faces granu-

late. No dissepiments were seen. Calicidar fossa usually rather deep.

Columella very lax, and often broken away altog'ether.
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Tlie .species is based on two .specimens, each of which is attached to a

valve of Barhatia cuculloides (Conrad).

Locality.—Montgomeiy, Louisiana.

Horizon.—Jacksoniaii stage.

Types.—PI. XIV, fig. 7, in the United States National Museum; PL

XIV, figs. 6, 6a, in the collection of the Wagner Free Institute of Science. As

the latter is the more satisfactory specimen, if one specimen should be

designated as the type, it should be that one.

The material on which this species is based is not altogether satis-

factory, as the amount and limits of variation can not be determined.

However, it presents so many points of difference from the preceding

Astrangia expansa that it does not seem possible for them to grade into

each other. There are five points of difference: The calices of A. Indovi-

ciana are much smaller, the septa are fewer, the columella is smaller and

weaker, the surface of the basal expansion has less pronounced striations or

none at all, and the costa.' on the outer surface of the corallite are not so

well developed.

Astrangia habrisi sp. iiov.

PI. XIV, figs. 8 to 10a.

1894. Harris, Tertiary geology of southern Arkansas: Annual Report Geological

Survey of Arkansas, 1892, Vol. IT, p. 172. (The undeteriuined coral

from three-quarters of a mile above Viuces Bluff, Saline River—partial

type of the species.)

Colony more or less incrusting, reproduction both from basal expansion

and by lateral gemmation. The corallites are crowded, prominent, and

often appear tufted. When budding takes place from the basal expansion,

it is at the base of the older corallite. The heiglit of the corallites depends

on age; they quite often reach (i.S mm. Tlie costa^ coiTCspond to all cycles

of septa; they are low, nearly always broad, and rounded in profile, with

many small granulations scattered over them. The calices are elliptical.

The size varies much according- to ao-e. The followino- measurements of

adult or nearly adult calices will give an idea of their size:
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The young calices may have diameters of 2.5 by 3 mm. The septal

aiTangement seems to be on a basis of four complete cycles. In some calices

there are thi-ee complete cycles with about half the members of the fourth

cycle present; in other calices there are four complete cycles and a few-

members of the iifth cycle. The septa are alternately larger and smaller,

but not all the larger reach the columella. In some instances every alter-

nate septum is continued to the columella, but in other instances it is the

fourth septum that is thus prolonged. The members of the highest cycles

fuse to the sides of those of the next lower cycles. The septal faces are

granulate; the margins are dentate. The dentations are rather large, and

are not very sharp, sometimes having more the appearance of crenations.

SynapticuliB are present, usually are situated nearer the columella than the

wall. Dissepiments present, but scanty.- Calicular fossa rather deep.

Columella well developed, very vesicular.

Locality.—Thi'ee-quarters of a mile above Vinces Bluff, Saline River,

Cleveland County, Arkansas.

Horizon.—Jacksouiau stage.

Types.—In the United States National Museum are two colonies and

several separate corallites collected by Prof G. D. Han-is; in the Wagner

Free Institute of Science is the specimen represented by PI. XIV,

figs. 10, 10a.

This species is so different from the two preceding species that

critical remarks are unnecessary. It probably should be placed in the

subgenus Phyllangia (genus of Milne-Edwards and Haime).

ASTRANGIA WILCOXENSIS Sp. nov.

PI. XIV, figs. 11 and 11a.

1894. Ccvspitose astnean Vaugban. Kept. geol. Coast. Plain Ala. : Ala. Geol. Survey,.

1894, p. 248.

A poorly preserved specimen of an Astrangioid coral, whose method of

growth is in small tufts, is in the collection of ^Ir. T. H. Aldi-ich. Repro-

duction appears to be by budding around the base of a central corallite.

The corallites are rather tall, 6 mm.; externally marked by distinct, subacute,

granulated costaj, corresponding to' all cycles of septa, and alternately large

and small. Corallite wall sti-ong. Calices elliptical. There are four com-

plete cycles of septa in six systems, and a few members of a fifth cyole.
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Those of the first and second cycle and some of the third cycle fuse in the

columella space to form a false columella. Septal faces granulate. Char-

acter of the septal margins unknown. Greater diameter of calice/

10 mm.; lesser diameter, G mm.
Locality.—Eastern Wilcox County, Alabama.

Geologic occurrence.—Midway bcds, "TuiTitclla rock."

The external features are well preser\-ed in the specimen above

described, so there should be no difficult)' in recognizing the species when

found again, but sufficient detail for absolute certainty in the generic deter-

mination can not be made out. The species is referred to Astrangia because

some species of the genus have a similar habit of growth. Astrangia lineata

(Conrad) from the Miocene of Petersburg, Virginia, is a good instance.

This is undoubtedly an Astrangia, and among the specimens of it in the

United States National Museum instances of exactly the same method of

growth as that presented by ^i. wilcoxemsis can be found. This species also

may belong to the subgenus Phyllangia M.-Edw. and H.

A. wUcoxensis differs from A. harrisl in the character of the costiB.

These differences are brought out in the specific descriptions and in the

figures.

(ieiius CLADOCORA Ebrenherg.

Cladocora recrescens Lonsdale.

PL XV, tigs. 1 to 3.

1845. Cladocora {?) recrescens Lonsdale. Quart. Jour. (reol. Soc. Loudon, Vol. 1, ]>.

517, tig,

1857. Cladocora (.') recrescens Milne-Edwards and Haime. Hist. Nat. des Corall.,

Vol. II, p. 123.

Tlie following is the original description of Lonsdale:

Branched; branches variously disposed, nearly cylindricil, outer wall thin, not

thickened externally when old, porous, strongly but irregularly ribbed, and marked

by lines indicative of renewals of growth; lamella' numerous, unequal, sides foraini-

nated and hispid; interstitial lamella' or diaphragms distinct, center a complicated

reticulation; branches produced from germs develo[)ed without the area, or on the

sides of preexisting stems.

Localities.—Jacksouboro, Georgia; Eutaw", South Carolina.

I saw in the collection of the Geological Society of London specimens

from Lonsdale's collection labeled "Eutaw, South Carolina." There are

I Figured on PI. XIV, lig. 11a.
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specimens of other corals labeled " Jacksonboro, Georgia," whose matrix is

lithologically the same as that of tlie Cladocora recrescens. In the United

States National Museum is a specimen of the species, and its matrix is the

same as that of the Lonsdale specimens. The locality is given "Eocene,

Rotten limestone, Georgia." It is quite probable that Lonsdale's specimens

and the one in the National Museum came from Jacksonboro, Georg-ia.

The following notes are based on the specimen in the United States

National Museum. The specimen is simply a cast; therefore the details

can not be described in full.

Neither the walls nor the septa are perforate, as Lonsdale stated originally.

He was misled by the appearances of the cast. The colony is more or less

dendroid, or bush-shaped, reproduction by lateral gemmation. The diam-

eter of the branches is 10 to 14 mm. Externally the costse are distinct,

well developed, but only moderately prominent (cf. PI. XV, fig. 3), alternately

larger and smaller. They are subacute, witli broad bases, and are granu-

late. At different levels around the corallite are projecting girdles; these

also are shown in PI. XV, fig. 3. The number of septa could not be made

out in detail and with absolute certainty, but by counting the costse it

seems that there were four complete cycles. The septal face granulate;

dissepiments evidently were very well developed, curving from the outside

inward and downward. The columella is well developed, moderately large

and vesicular.

This species is very different from any other of our Eocene corals, and

sufficient data are furnished by the cast for its identification.

Horizon.—Tliis is uot kuowu with absolute certainty, but most probably

it is Jacksonian, or lowest Oligocene.

Grenera not placed in familie.s.

Genus DICHOCCENIA Milne-Edwards and Haime.

DiOHOCfENIA ALABAMENSIS Sp. IIOV.

PI. XV, figs. 4 to 4c.

Corallum massive, subplane above. Calices elliptical or subcircular,

not very deep. Joined directly by their thick, solid walls; no exotheca.

The distances between the calices is usually from 3 to 4 mm., but it may
be only 1 mm., or as much as 5 nnii. The elliptical calices are about 6

mm. long by 3 mm. wide. One of the subcircular calices has a diameter of

3 mm. Costse are present, but their details could not be made out. Multi-
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plication is by fission or by septal budding. There are usually about three

cycles of septa, the first and second cycles being of the same size. They

are strong, and their sides are beset with small granules. Endothecal dissepi-

ments exist. Usually they are rather thin, curve uj)ward and out, and are

about 1.5 mm. apart. The calices when viewed from above show a lamellar

columella, but in sections it appears as either lamellar or trabecnlar, or

there may be only a calcareous deposit around the inner ends of the

septa. In the sections the lamellar columella does not appear to be a

separate structure, but only a jirolongation of one of the principal septa, as

one of the corallites in the magnified cross section (PI. XV, fig. 4b) shows.

Sections of other corallites show the same feature very clearly.

Locality.—Prairie Creek, Alabama

Geologic occurrence. Midway bcds.

Type.—United States National Museum.
Remarks on Dichocoenia alabamensis and D. stokesi M.-Edw. and H. As UO SpCCimCUS of

Bichocoenia porcafa (Lamarck), the type species of the genus, ^ were available

for comparative study, comparison Avith T). stokesi M.-Edw. and H. was insti-

tuted. Excellent material of this species is in the United States National

Museum and in my own private collection, through a contribution from Mr.

R. T. Hill. The general dspect of the corallum, type of wall (a pseudotheca),

and character of columella in D. alabamensis, coiTespond exactly to those of

D. stokesi. The septal margins in the type of the former species are broken

away; therefore to ascertain whether the two were really generically

identical a miscroscopic examination of the septa of two species was made.

The septal structure of D. stokesi will be described, arid then i). ala-

hamensis will be compared with it. The septa in the former species are exsert,

and are composed of ascending trabeculfp, with a line of divergence coin-

ciding with the vertical axis of the septal arch. The trabeeulre pass U2:)ward

and inward on the inside of the line of divergence, and iipward and outward

on the outside of the same line. The courses of the trabecular are indicated

on the septal faces by elevated stria; or by fine rows of small granules. The

septal margins are not entire, but are finely dentate. The dentations are

small, but are distinct, and usually quite sharp on the exsert portion. Tlie

margin of the inner free portion may have })ointed dentations, or fine crena-

tions. Microscopically the pali exhibit no special difference from the septa,

except they seem to possess a line of divergence independent of that of the

'Milne-Edwards aud Haime, Mon. Brit. Foas. Corals, Pala-outogr. Soc, p. xsx.
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septa. This is an inference drawn from the distribution of the strise on some

of the more clearly exposed pali.

A thin section parallel to the flat surface of a septum shows very dis-

tinctly the trabeculee with the line of divergence. The width of the trabeculse

varies from 0.05 to 0.128 mm. They are narrower at the line of divergence,

and become wider as they pass away from it. New trabecular are formed by

an apparent bifurcation of those having their origin at the Une of divergence.

Calcification centers are arranged along the trabecular axes at points from

0.04 to 0.06 ram. apart. The fibro-crystals pass upward and outward from

the calcification centers, i. e., with reference to the trabecular axes. In the

transverse sections of the septa the calcification centers show the same

variation in distance apart that the trabecuhij showed in width. A large

number were measured, with the following result: 0.024, 0.028, 0.04, 0.048,

0.06, and 0.128 mm. As would be expected, the calcification centers are

more crowded in the median portion of the larger septa than they are in

the costal or that portion near their inner termination. The fibro-crystals

pass outward from the median septal plane, toward the interior of corallite,

and at a rather small angle except at the inner ends of the septa. A

longitudinal tangential section of the septa showed calcification centers

ran'o-ed one above another, with fibro-crystals passing upward and outward

from the median septal plane.

Only the cross section of D. alahamcnsis will be compared with the pre-

ceding. There is practically no difference in the microscopic characters

of the two. Measiu-ements of the distance between calcification centers

gave the following: 0.04, 0.048, 0.053, 0.08, and 0.144 mm. The section

parallel to the flat septal surface is not satisfactory, and as there is only one

specimen in our collection, I shall not have another section cut. The larger

septa have thickenings on their inner ends. These in cross sections are

elongate elliptical and probably represent pali.

A few notes on the wall of tliis species may be added. Typically the

wall is a pseudotheca, but quite often calcification centers are present

between the distal ends of the septa. There can scarcely be any doubt that

these centers represent the beginnings of young septa.

The description of the septal structure given above should be compared

with that of Galaxea given by Miss Ogilvie.'

iMicroBcopic and Systematic Study of Madreporarian Types of Corals, pp. 106-121
;
Korallen

der Stramberger Schicbten: Pahi^ontograpbica, Supplement II, Sect. VII, 1S97, pp. 80-83.
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GeniLs FAVIA Oken.

Pavia merriami sp. UOV.

PI. XV, figs. .") to .5c.

Coralluiu subpluue or loiiuded above, massive. The species is based on

three broken specimens, nearly of a size. PI. XV, fio-. 5, represents the

best and smallest specimen, natural size. The condition of preservation

of the material is, as is unf(jrtnnately too often the case with the fossil

species, not satisfactory. The calices are elliptical. The following gives

measurements of several

:
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The specimens upon which the species is based were sent to nie for

description by Dr. J. C. Merriam, of the Univex'sity of Cahfornia, and it is

with pleasure that the species is named for him.

The generic determination of this species is in one respect doubtful, i. e.,

the septal margins could not be studied, because of the worn condition of the

surface of the specimens. The material is not well enough preserved to

permit the microscopic details to be ascertained. In the cross section of some

septa there are faint indications of rather large trabecule, similar to the

trabeculse of Favia fraguni (Esper) ( z: ananas auct. non Linn.) of the JWest

Indies. What evidence is afforded by the sections of the septa supports the

opinion that the septal margins are dentate. All of the other characters are

typical for Favia; therefore there is very little reason for doubting tlie

generic reference.

Geuus HAIMESIASTR^A gen. nov.

HaimesiastriBa conferta sp. iiov., type species. PL XV, tigs. 6 to 9; P]. XVI. all

figures.

Principal macroscopic characters.—Colouy massivc. Or ramous. CoralHtes in the

central portion of the colony united directl}- by their walls, by their costse,

or by exotheca. Calicular margins very slightly elevated. Septa in three

cycles, six systems ; twelve reach the columella space ; margins entire, sur-

faces smooth. Endothecal dissepiment abundant. Corallite cavities not fill-

ing up. Columella false, formed by the fusion of the internal margins

of the first two cycles of the septa. Budding between the corallites. In the

central portion of the colony, where the corallites are more or less crowded,

there is no ccieuenchyma, but as the corallites pass outward they diverge,

and a deposit of coenenchyma begins. In young branches the coenenchyma

is often slightly vesicular, containing some exotheca, but in the outer por-

tions of old branches it is almost or entirely solid. (_)n the weathered end

of a branch it shows a concentric structure. Its outer sm-face is granulate,

and in addition thereto is marked by costse corresponding to all cycles of septa.

MICROSCOPIC STRUCTURE.

The specimens are not so good as is desirable for a very accurate

study of the microscopic features, chemical changes in many having olilit-

erated the minute details.

The septa.—As already stated, the septal edges are entire and the faces are

smooth. The only ornamentation of the septal faces are undulations that
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pass vipward and then ontward from the columena space, forming cnr^'es

parallel to the septal margins (see PI. XVI, fig. 4). These little waves are

narrower near the columella, becoming wider near the corallite wall,

sometimes bifurcating. The transverse measurement near the columella is

slightly less than 0.11 mm.; near the wall al)out 0.22 nun. Besides these

minute undulations there are frequently strong transverse flutings, espe-

cially near the inner termini of the septa; to these the dissepiments are

usually attached.

A section parallel to the flat surface of a septum possesses a double

structure (see PL XVI, figs. 5, 5a). First there are curves parallel to the

septal margin, along which are dark points; these curves are 0.05 to

0.10 mm. apart, the dark points about 0.02 mm. apart. Second, there are fine

lines normal to the curves first described, and passing between the dark

points. By comparing these data with the preceding, it will be seen that on

the same side of a septum the distance from the top of one undulation to

that of the next is about twice the distance between the series of dark points

(calcification centers). As the undulations on the septa alternate in position,

the distance between neighboring septa and between the series of calcifica-

tion centers coincides.

The septa in a cross section of a corallite shows a median line rec-

ognizable from the surrounding calcareous deposit. This median line varies

irr appearance according to the condition of preservation of the material;

sometimes it is lighter in color, sometimes darker, than tlie more external

portions of the septum. In a considerable luimber of sections series of

small calcification centers were distinguishable. These were from apprt)xi-

mately 0.02 to 0.037 mm. apart, the distance corres])onding to the dark

points in the curves previousU' descril)ed. The fillers passing outward

from the median septal plane are, in the outer portion of the septum, in a

general way perpendicular, or almost so, to tliat jjlane. Near the inner

ends of the septa the fillers diverge inward from the median septal plane.

In a somewhat oblique section calcification centers were cut across, and

mea.sured approximately 0.064 nmi. to 0.09 mm. The calcareous fibers

diverge upward and outward.

As the state of preservation of the material is not good, the above data

were obtained only after a long study of tlie sections, and are not given

with the degree of precision desirable. The following seems the only

possible interpretation of the septal structure.
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The septa are composed of extremely narrow ascending trabeculte,

which are only 0.02 nnn. or sUghtly more across. The trabecule are crossed

by transverse undulations, and very often a considerable number of dark

points in the trabecular indicate the position of the undulations. These

dark points apparently are calcification centers. A line of divergence was

not observed; all of the trabeculse within the wall pass upward and inward.

No section of the extra-mural portion of the septa that could be studied

was obtained; so there may be, and probably is, a line of trabecular

divergence.

The wall.—The walls of the corallites of the central part of the colony are

thin. When the middle lines of the septa are dark, a small, dark, circular

line joining the septa together, is seen in the wall; when the median septal

line is light, a light line is seen in the wall. I was unable to recognize dis-

tinct calcification centers with certainty in the wall, but it seems that the

wall originally belongs to the true thecal type. In corallites, when the wall

has been secondarily thickened from the outside, the same circular line can

be distinguished near the corallite cavity, but outside of this the fibro-

crystals converge inward to the costal axis, presenting the appearance of a

pseudothecal wall. (PI. XVI, fig 3.)

REMARKS.

The systematic position of this coral is very puzzling. It certainly

has nothing to do with what were considered the representative genera of

the Astreidse (Mussa, Orbicella, etc.). It shows more features in common

with the Oculinida?, but we do not understand the Oculinid structural char-

acters sufficiently well for the relations with that family to be discussed

intelligently; therefore at present it is given no family association.

Haimesiastr^ea conferta sp. nov.

PI. XV, figs. 6 to 9; PI. XVI, all figures.

Colony rather massive, ramous. Corallites crowded together, rather

shallow, subhexagonal in outline; caUces circular, 1.5 mm. in diameter; the

margins project very slightly above the rather dense coenenchyma. The

coeneuchymal walls between the calices frequently 1 mm. thick on the older

portions of the colony. Costte distinct, corresponding to all cycles of the

septa, granulate. The costse of one calice meet those of the adjoining calices.

The line of the junction usually indicated by a delicate ridge. The whole

MON XXXIX 10
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outer surface of the coeiienchyma is minutely granulate. The axial portions

of the branches are spongy. In the axial portion tlie corallites are joined

to one another directly by their walls or costae, or are separated by exotheca.

As the colony grows older, the corallites bend outward, so that ultimately

their axes are nearly at right angles to the external surface. Septa in three

cycles; those of the first and second cycles reach the columella; margins

entire; surfaces smooth; inner ends of those of the first and second cycles

somewhat thickened. From the sides of the septa wing-like processes are

developed, which extend across the interseptal loculi and fuse, thus forming

the endotheca. Tlie dissepiments' are often inclined; are very abundant.

No pali. Columella well developed, false, formed by the fusion of the

internal margins of the septa of the first and second cycles. Its upper sur-

face is not seen from above in perfect calices, and it is not revealed until a

section of the corallite is made.

Localities.—Wc^ods Bluff, Grcggs Landing, and Prairie Creek, Alabama.

Geologic occurrence.—Cliickasawan stagc. Tj'pes from Bells Landing beds.

Specimens referred to this species occur in the Woods Bluff and the Midway

beds.

Types.—United States National Museum.

Haimesiaste^a petrosa (dabb).

PI. XVII, figs. 1 to C.

1864. Astrocoeniaf petrosa Gabb. Paleontology of California, Vol. I, p. 208, pi. xxxi,

tigs. 274, 274a.
'

1893. Astrocmnia f x)etrosu Boyle. Bibl. Invert. Foss., p. 54.

189G. Astroccenia petrosa Stanton. The fauual relations of the Eocene and Upi^er

Cretaceous of the Pacific Coast: Seventeenth Ann. Eept. U. S. Geol. Survey,

Pt. I, p. 102!t.

This species is described here because it is of doubtful Eocene or

Cretaceous age. I wrote to Dr. J. C. Merriam, of the University of Cali-

fornia, for information concei'ning. the original locality of the species, and

he replied: "I am not at all certain about the original occpirence of this

species, but rather think it conies from some road ballast, brouglit from

no one knows where, by the raih'oad company." Gabb states (loc. cit.):

"All of the specimens were obtained from a single mass of limestone, a

mile west of Martinez."

Dr. Meri'iam ^ery kindly sent me a portion of the original type

material of Gabb, and on it the following description is based.
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The coralluin is either massive or branching. The corallites are

circular or slightly elliptical, 1.5 to 2 mm. in diameter. In the axial portion

of a branch they are joined directly by their walls, which are not very thick,

or by costje. On the surface of this branch, which is about 12 mm. in diam-

eter, the corallites are separated by stout, thick walls, from slightly less to

slightly more than a millimeter thick. Costne correspond to all septa. The

outer surface of the corallum has been eroded; therefore the details of its

ornamentation are obliterated. There are three cycles of septa, six systems;

the members of the first cycle and usually some or all of the second cycle

reach the columella space. The margins are not preserved, but from other

characters the inference that they are entire can be drawn. There are no

granulations on the septal faces, but, when looked at from above, wing-like

expansions can be seen extending outward from the sides of the septa.

The inner portions of the septa are transversely ^^ndulated. The septa are

decidedly thicker at the wall, and the larger ones are thickened on their

inner ends. Endothecal dissepiments are abundant and well developed;

corallite cavity not filling up with secondary deposit. The columella is not

"projecting beyond the edges of the septa," as Gabb states. He Avas misled

by the weathered condition of most of the calices. In a well-preserved

calice no columella can be seen from above, the margins of the larger

septa meeting in the axial space. The columella is false, but is usually quite

solid and firm, so that in weathered calices it stands out prominently. The

calicular fossae are shallow, almost superficial.

This material is in excellent condition for the study of the microscopic

features ; therefore the following notes are made

:

The septa.—In tlic cross section of a corallite, the median dark line of a

septum exhibits a row or chain of calcification centers. They are elongate

elliptical and are connected with each other in a moniliform manner. The

measurement across three very distinct centers Avas 0.09 mm., or tlie dis-

tance from one to the next adjacent center is 0.045 mm., but in places they

may be more crowded. The measurement at right angles to the above,

across a center, is 0.009 mm. The fibro-crystals diverge from the median

septal plane toward the center of the corallite at an angle of about 45°.

This section is so well preserved that in places one can distinguish the

minute growth curves crossing the fibro-crystal. On one side of this septum

is a protuberance, in which is a large distinct calcification center. The Ion-
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gitudinal section, perpendicular to septal plane, shows zigzag series of cal-

citicatiou centers, the zigzag arrangement corresponding to the undulations

of the septum. One of these rows of centers is 0.27 mm. long and contains

apparently four calcification centers. The next series measures about 0.18

mm. and contains three centers. The dissepiments are usually attached at

the elbows of the zigzags. The f^bro-crystals diverge upward awaj- from

the septal plane. In the longitudinal tangential section of another sep-

tum the middle point of one calcitication center measures 0.09 ram. from

the middle point of the center nearest it.

Neither of the two thin sections that I had made has cut a septum par-

allel to its flat surface; therefore the structure in the septal plane must be

inferred from the two other sections. The structtire is the same as in

Ilaimesiastrmi covferta, except the calcification centers com^josing the tra-

becultB are larger than in that species (cf. ante, p. 144).

The wall.—The wall is a pseudotheca formed by the fusion of the thick-

ened distal ends of the septa. A portion of a section across one corallite

shows a problematic line concentric with the calice between a few septa.

In this place there may be a few calcification centers between the distal ends

of the septa. Excepting this instance the wall is clearly a pseudotheca.

The columella.—Tliis is fomied by the fusion of the inner ends of six or

more septa. The inner ends of the septa are thickened and usually fuse

solidly, making a firm, strong columella.

lliis species is most astonishingly similar to Haimesiastrcea conferta.

The surface of Gabb's type material being eroded, sucli a criticiil compari-

son as is desired can not be made. The thi'ee following distinctions can be

pointed out: First, the septa of H. pctrosa are more thickened at the wall

than in H. conferta; second, the wall of the former is a pseudotheca, whereas

that of the latter species appears to be originally a true theca; third, the

calcification centers composing tlie septal trabeculse of H. petrosa are larger

than in H. conferta. Because of the difierence in the character of the wall,

some authorities would probably be inclined to place the two species in dif-

ferent genera. In my opinion the two forms belong in the same genus.

The two species are necessarily difi'erentiated by microscopic charac-

ters, which I believe are good. When more abundant and more perfect

material of Gabb's species is found, we maj' lie able to discover gross char-

acters, upon which the difi'erentiation may be based.
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Family ASTROOCENID^E nom. nov.

Genus ASTROCCENIA Milne-Edwards and Haime.

ASTBOCCENIA PUMPELLYI sp. UOV,

PI. XVII, figs. 7 and 7a.

Form of colony either palmate, lobate, or inorustin^.

Corallites hexagonal, joined directly by their walls. Wall very narrow,

with an acute upper edge, sometimes transversely zigzag. Cahces very

shallow; diameter of calices, 1.5 to 2 mm. Columella styliform. Septa

usually 12; six reach the columella; occasionally there may be a few more

than 12, but this is rarely the case. There are some dissepiments. In one

corallite three or four were seen in the space of 1.5 mm.

Locality.—Russells SpHug, ou Flint River, Decatur County, Georgia.

(R. Pumpelly, collector.)

Geologic occurrence.—Vicksburgian stRgc, Ocala group.

This species has a decided resemblance to Astroccenia ornata of Duncan^

from the chert formation of the Antiguan so-called Miocene. I am not

certain that the Antiguan species of Duncan is the same species as Astrocainia

ornata (Michelotti). Specimens of Antiguan corals have been submitted to

me by Mr. Robert T. Hill and Dr. J. W. Spencer; therefore I can make a

direct comparison between the two species of Astroccenia. Looked at super-

ficially the two corals seem the same. Astroccenia pimipelhji has delicate

thin walls and practically always six principal and six small septa; Astro-

ca^nia ornata Duncan has stout walls and nearly always eight large and

eight small septa; six large and six small septa seem to occur only in young

calices.

As Astrocmnia pumpeUyi possesses dissepiments, it would, accordmg to

Tomes, not belong to Astroccenia,^ but as he states that he did not study

the type species of the genus Astromnia orUgnyana M.-Edw. and H., his

rectification of the genus can not be accepted. The observations of Tomes

do not coincide with those of Freeh and others, wlio note the presence of

dissepiments in species of Astroccenia.^

Quart. Jour. Geol. Soc. London, Vol. XIX, 1863, pp. 425-426.

nbi<l.,Vol.XLIX.Nov.,1893.pp..^fi9et8eii. n v i t Pt TT

3 Felix, Beitrage zur Keuntniss der Astrocoeuin.e : Zeitsohr. Ueutsch. geol. Gesell., V»l. L, Pt. II.

1898, pp. 247-256 ; oue plate.
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Genus PLATYCCENIA gen. nov.

Colony flat, iiicnisting ; corallites rather small, usually circular, joined

directly by their solid walls or by an echinulate coenenchyma, across which

costpe may sometimes be traced by the arrangement of the echiuulations.

Calicular margins very slightly or not all elevated. The outer surface of

the free portion of a corallite marked by minute, crowded, acute costse; in

some instances a costa is simply a row of small spines. Frequently there

are costse between the septa as Avell as corresponding to them. The septa

are few in number, are solid, formed of trabeculse directed horizontally

inward. The septal margins dentate. The smallest septa are represented

by rows of spines placed one above another. Very few granulations on

the septal faces. Calicular fossse, rather deep ; colmnella a rather tall

pointed style. Endotheca present. Reproduction by budding between the

corallites or directly from the base of the peripheral corallites.

This genus belongs, systematically, near Astrocoenia.^ It is distin-

guished from Astrocoenia by the coraHites usually not being directly united

by their walls.

A few remarks should be made on the relationship existing between

this genus and Astroccenia pulcheUa M.-Edw. and H.^ ]\Ir. R. F. Tomes^ has

pointed out that this is probably not an Astrocoenia. The corallites are not

directly united by their walls. As this character is one by which Platy-

coenia is separated from Astroctx'nia, it might be thought Astrocoenia

pulcheUa belongs to the genus here proposed. The septa of tliat s})ecies

are described as having "their upper edge entire and convex." This char-

acter removes Astrocxenia ])ulcJieUa from both Astrocoenia and Platycoenia.

It almost certainly belongs to a new genus.

Platyc(Knia .tacksonensis sp. nov.

PL XVII, figs. 9 to 9c.

Colony small, 21 nun. in diameter, flat, incrusting. Calices deep, 1.5

to 2 mm. in diameter, circular or irregular in outline ; united directly by their

solid walls or separated by a little echinulate coenenchyma. Calices Avhich

'Cf. Felix, Beitrage zur Kenntniss (Ut Astrocceninic : Zeitsch. Deiitsch. geol. Gesell., A'ol. L,

Pt. II, 1K98, pp. 247 ct seq.

'Mou. Brit. Foss. Corals, Pala'iitogr. Soc, p. 33, pi. v, figs. 3, 3a-3c.

3Qiiart. Jour. Geol. Soc. Loudon, Vol. XLIX, Nov., 1893, pp. 569, 570.
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are not approximate have a raised acute edge, and the coralHtes whose

walls are free are ornamented externally by crowded, minute, granulated,

acute costse. Septa not exsert, margins regularly and sharply dentate, the

trabeculse directed horizontally, or almost horizontally, inward. Some

septa are represented by horizontal spines placed one above another.

None of the septa examined showed any pei-forations. Septal an-angement

:

six systems, two cycles, the first of which reaches the columella; frequently

members of the third cycle are present, then two or even three septa of the

second cycle may be fused to the columella. In this case the appearance

is eight systems of two cycles, or the arrangement apparently is irregular.

Endothecal dissepiments are present. They are thick, not numerous. A
little exotheca sometimes present. Columella tall, styliform, rather slender.

Locality .—Jackson, Mississippi.

Geologic occurrence.—Jacksouian stage.

Type.—United States National Museum.

Genus STEPHANOCCENIA Milne-Edwards and Haime.

Stephanoccenia fairbanksi sp. nov.

PI. XVII, figs. 10 to 11a.

(Figs. 10 and 10a, Stephanoccenia fairbanksi var. columnaris var. nov.)

Form of corallum explanate or columnar. The specimens possessing

the explanate method of growth may be considered the typical form ; those

with the columnar method of growth, St. fairbanksi var. columnaris var. nov.

The sizes and general appearance of the two forms are shown in PI. XVII,

figs. 10 and 11. The corallites are polygonal in form, usually hexagonal,

are joined directly by their walls or by very short costse. The greater diam-

eter of the corallites is very constantly 3.5 nun. Some corallites may be

smaller and some slightly larger, but 3.5 mm. is the usual diameter.

The walls between two corallites on an unweathered surface or in a

section are stout and usually solid; they are almost a millimeter thick.

They are clearly pseudothecal. In places the corallites may be joined by

very short costte; then open vertical spaces may exist between the costse.

None of the specimens show the upper edge of the wall in its original condi-

tion ; therefore its ornamentation can not be described. The septa are in three

complete cycles; the members of the first and second cycle fuse to the

columella; those of the tliird cycle fuse to the sides of those of the second (?).

(There is no way of dlfi'erentiating the first from the second cycle.) They
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are thicker at the wall; their faces graimlate. The character of tlie septal

margins could not be studied. In the best-preserved calices there appear

to be pali before both the first and second cycles of septa. In the thin

section both of these cycles of septa show thickenings on and near their

inner ends corresponding in position to the apparent lobes on the septa.

The calices are not preserved intact, but that 12 i)ali existed seems quite

clear. Endotheca very well developed. Some lias the appearance of being

synapticiilar, but recrystallizatiou has gone so far that the microscopic

detail is nearly always destroyed. The columella presents two quite differ-

ent appearances, depending upon the condition of the material. In the

best-preserved calices it has a knob-like upper sui-face, but in the worn

specimens it has a spongy appearance, as Felix describes for Stephanoccenia

forntosa} The structure of the columella seems to be as follows: There is

a central (axial) styliform or more or less compressed essential piece. The

thickened inner ends of the septa fuse among themselves and to this essen-

tial part of the columella in a more or less compact manner. The result is

a spongy-looking columella in a weathered corallum. This can not be

positively asserted, because, as already stated, tlie material is not satisfac-

tory' for microscopic investigation. The calicular fossae are shallow.

Locality.—Soutliem California.

Horizon.—Doubtfully Cretaceous.

Types.—Of var. columnaris, PI. XVII, fig. 10, returned to Dr. J. C. Mer-

riam, ITniversity of California; of PI. XVII, fig. 11, presented to the

United States National Museum by Dr. Merriam.

The species is based on three specimens, all of whicli were sent to me
by Dr. Merriam; two of the specimens he verj: kindly preseuted to the

National ]\Iuseum, and at liis request the species is named for Dr. H. W.

Fairbanks.

Stcphanocamia fairhanksl appears to be quite closel}' related to iS7. formo-

sisshna (Sowerby) of the "Craie tuffeau of Uchaux, Gosau, Corbiferes," etc.;

but as I have no material of the latter species, a comparison of the two

species will not lie attempted.

The type species of the genus is Stephanoccenia interseptu (Esper),-

recent and fossil in the West Indian region. Some notes on this species

will be appropriate in this connection, and will fill a gap in Felix's

' Zeitschr. Deutsch. geol. Gesell., Vol. L, 1898, p. 253.

^Miliie-Eihvaril.s and Hainie, Mon. Brit. Koss. Corals, Palifoiilogr. Soc, j). xxx.
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Beitrao-e zur Keimtniss tier Astrocoeniuse.' Fortunately, my sections of

the species are excellent. The septa are composed of ascending trabeculse;

near the wall is a line of divergence. External to this line the trabeculae

pass upward and have a slight inclination outward. The trabeculie on the

inner side of the line of divergence pass upward and incline inward. The

trabecular are fine, measuring from 0.027 to 0.04 mm. across. A study of

the lines of growth across the trabeculse would indicate an entire or very

obscurely dentate septal margin. The growth segments of tlie septa are

well defined; the distance across one, measured along the line of divergence,

is about 0.32 mm. on an average. The wall of this species is very inter-

esting. The distal ends of the septa do not thicken sufficiently to form a

pseudotheca. In places dark centers or a dark band can be seen in the

theca between the septal ends, i. e., the wall belongs in the euthecal class.

In some instances the wall is clearly formed by peripherally placed dissepi-

ments. The corallites are quite often joined by their costse. In such

instances the wall of one corallite is usually formed by dissepiments. The

columella has in both the hand specimen and thin section tlie same appear-

ance as in Stephanocamiu fairhanksi There is usually distinguishable a

central erect piece, around which the principal septa fuse by their inner

margins. In some instances the coliunella appears to be fonued merely

by the fusion of the septal margins. In one calice the axis of the colu-

mella is vacant, the septal margins having fused around it. The pali in

cross section show as thickenings on the inner septal ends. The inner

ends of the tertiary septa are free. The above description should be com-

pared with Felix's description of Stephanocmnia formosa (Goldf) ^ I should

also like to call attention to a statement by Miss Ogilvie, that "it is doubt-

ful if they [Astrocoenia and Stephanocoenia] are represented in recent

seas."' siie evidently did not know that the type species of Stephanocoenia

is the recent St intcrscpia (Esper). So if there is any doubt, it is that the

genus is found fossil earlier than late Tertiary. I have never been able to

study specimens of Astrocoenia pectinata Pourtalfes^ from the Florida coast,

but from the figures there is absolutely no reason to doubt the correct-

ness of Pourtalfes's generic reference. The type species of Astroccenis, is

^. orfei^wyrtwa M.-Edw. and H.^

' Zeitsch. Ueutsch. geol.Gesell., Vol.L. -"Florida Reef Corals: Mem. Mus. Comp. Zoiil., Vol.

2 Op. sup. cit., pp. 252-254, pi. xi, fig. 1. VII, No. 1, 1880, pi. ii, figs. 5-7.

SQp. cit., p. 307. 'Cf. Mon. Brit. Fobs. Corals, I'alaoutogr. Soc, p. xsx.
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Family FUlSrG-ID.3i; Milne-Edwards and Hainie.

Genus SIDERASTREA de Blaiuville.

ISOl. Asfrea (pars) Lamarck. Syst. d. anim. saus vertebres, p. 371 (uon Astra-a

Bolteii i\Ius. Bolteiiiauum, p. 79, 179S).

1815. Antraa Oken. Lebrb. der Natarg., Vol. I, p. 75.

1830. Siderastrm de Blaiuville. Diet. d. Sni. iiat., Vol. LX, p. 335.

1846. Sidcrina Dana. Zoophytes Wilkes Expl. Exp., p. 218.

1848, ISiderastrci'a Milue-Edwards and Haime. Couip. rendus Acatl. sci., Vol. XXVII,
p. 495.

1857. Astrwa Milne-Edwards and Haime. Hist. Nat. des CoralL, Vol. II, p. 505.

18(51. Astraa de Froraentel. Introd. n I'fCtude des Polyp, foss., p. 235.

1886. Siderastra'a Quelcli. Reef corals : Cballeuger Reports, p. 113.

1890. Siderastrwa Verrill. In Dana's Corals and Coral Islands, 3d ed., p. 424.

1895. AKtraa Gregory. Quart. Jour. Geol. Soc. Lond., Vol. LI, p. 278.

]\Iore references might be inserted in this synonymy, but it seems that

a sufficiently large number have been given.

The synonym of this genus has been very much debated; therefore

the question will be discussed here somewhat thoroughly. The name

Astraea was first used in a binomial way by Bolten in 1798 for mollusks,

now referred to Astralium and Xenophora.^

Astrpea had previously been used for a coral (by Browne in 17.56").

Gmelin used it in the thirteenth edition of the Linntei Systema Naturje,

1790, page 3767, but merely in a quotation from Browne. The name

reappears in the 1789 edition of Bi'owne's work. In none of these

cases was Astra?a used in a binomial manner. The first binomial author

to publish the name Astrtea as a generic term was Bolten, and the name

must date from him. I have not looked up the synonymy of Astrtea in

moUusca, but it seems to be antedated by several other names for the same

thing-, and therefore is not used in moUuscan nomenclature. "Once a syno-

nym, always a synonym;" therefore the name can not be used for a genus

of corals.

The following is the history of the name among corals: Lamarck, in

1801, proposed the genus Astrea, separating it "into two sections, one having

for its type Madrcpora rohdosa of Ellis and Solander, and the other Madre-

pora galaxea of the same authors; subsequently the name Astrsea was

' I have heen able to examine a copy of the Museum Roltenianuui througli the courtesy of Dr.

William H. Dall.

-Civil aud Natural History of Jamaica, p. 392.
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reserved by Oken for this latter section, without doubt because the species

called by Ellis Madrepora galaxca was the Madrepora astroites of Limifeus.''^

In 1830 de Blainville" renamed the Astrea Lamarck (pars) (=Astrfea Oken)

Siderastrea. Quelch, in his report on the Challenger Expedition reef corals,

considers that Oken had no right to take Madrepora galaxea Ell. and Sol.

as the type of Astrea, but that Astrea rotulosa should be the type, and he

places Favia, proposed by Oken for the latter species, in the synonymy of

Astrea, and uses Siderastrea for the Madrepora galaxea group of species.

Gregory, the last to consider the subject, supports the conclusion of Milne-

Edwards and Haime, but notes the use of Astrsea previous to the time of

Lamarck.

The name Astrea, for reasons already given, must be abandoned.

Oken had a perfect right to subdivide the Lamarckian genus; therefore his

name Favia must stand for the Madrepora rotulosa group of species. The

Madrepora qalaxea is thus left without a generic designation. The first

name proposed after Oken was Siderastrea, by de Blainville, and this must

stand. Siderina of Dana falls into the synonymy of Siderastrea.

This name Astrea has been a source of so much trouble to students of

zoophytes that it is truly fortunate that strict laws of nomenclature compel

us to abandon it.

It is not necessary to enter into a discussion of the stractural features

of the genus, as the work of Miss Ogilvie^ is sufficient.

Siderastrea hexagonalis sp. uov.

PI. XVIII, figs. 1 to 4.

. 1894. Sidermtrcm hexagonalis Vaugl.an noui. nud. Rept. geol. Coast. PI. Ala.: Ala.

Geol. Survey, 1894, p. 248.

Corallum massive, depressed, with flat base. Greatest distance across

type specimen, 57 mm. ; thickness, 23 mm. Greatest diameter of calices, 6

to 7 5 mm. Corallites hexagonal, separated by a thin wall of synapticular

composition. The wall is usually slightly raised. The septa -of adjoining

calices may meet each other end to end, or they may alteraate in position.

Septa do not show a very definite cyclical airangement; in one calice 68

Milne-Edwards and Haime, Hist. Nat. des Corall., loc. oit.

3?iS;fe1n h?r nlros'^and s'!;. Stud. Mad. Types of Corals, 1896, p. 159, makes some remarks

on Astrea, but she shows an absolute ignorance of the history of the name; so her notes need no

discussion.

nbid., pp. 178-183.
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were counted. The septal grouping- rather definite; the members of the

third cycle curve toward those of the second, those of the fourth toward

those of the third, and those of the fifth curve toward those of the fourth.

There are four complete cycles and a considerable number of the members

of the fifth. The margin of the outer half of each septum lies in an almost

horizontal plane; the inner half of the margin falls in a curve to the bottom

of the calicular fossa. The result of these characters of the septal margins

is to cause a wide almost flat area between the calicular fossa-. The mar-

gins have a beaded appearance on the perfect septa. The septal faces are

granulated. Synapticuht are well developed and numerous; there are

several (two or three) rather definite rows near the wall, and often other

synapticula; without definite arrangement. There may be some dissepi-

ments, but f)f that I can not be sure ; nearly all of the endotheca is certainly

synapticular. The calicular fossa? are shallow circular depressions in the

middle of the calices. Columella poorly developed, false, with a papillate

upper ternnufition.

Locality.—Prairic Creek, Alabama.

Geologic occurrence. MidwaV bcds.

Type.—United States National Museum.

This species is represented in the United States National ^luseum

by only one specimen, which, fortunately, is well preserved. As all the

detail necessary for generic and specific determination could be made out

without a thin section, none was cut.

Genus STEPHANOMORPHA gen. uov.

As the succeeding description of the species on which this genus is

based is somewhat detailed, only those characters usually considered of

generic importance will be pointed out here.

Corallum in small rounded masses; corallites subhexagonal ; calices

usually circular, with slightly elevated rims. Between the calices a distinct,

rather wide, somewhat depressed costate area. The costse pass directly from

one calice to the next, alternate with each other, or meet at an angle. Synap-

ticuloe in definite vertical series at periphery of corallite cavity, and where

the costse of neighboring corallites meet; they are more or less irregularly

distributed in the other ])arts of the intercostal spaces and between the septa.

Septa not numerous, tlu'ee cycles in type species, solid, composed of trabec-
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uljB passing upward and inward. In addition to synapticulse, apparently

some dissepiments present. Pali in one crown, before septa of the first

and second cycles. Columella well developed, apparently composed of a

central erect styliform or compressed piece, around which the inner margins

of the septa of the first and second cycles fuse more or less compactly.

Reproduction by budding from the angles between calices.

This genus appears to be most closely related to Pseudastrsea Reuss^

and to Mesomorpha Pratz. The latter genus will be considered in describ-

ing a species of it. The resemblance, excepting both have compact septa, is

not great. The difference between Stephanomorpha and Pseudastrsea is

not so evident. Reuss did not describe the septal structure; therefore we

must leave that out of consideration. The pali and columella in the two

genera if not the same are very similar. From Reuss's figure it does not

seem that the calices are so distinctly marked off from the intervening cos-

tate area in his genus. Reuss says there is no endotheca (excepting synap-

ticulje) in his genus, but that feature is scarcely of generic importance.

The corallum of Pseudastrsea is much larger and more massive tlian in

Stephanomorpha.

Stephanomorpha monticulifobmis sp. nov.

PI. XVIII, flRS. 5 to 7.

1894. Stephanoccenia monticuliformis Vaughan nom. nud. Kept. geol. Coast. PI.

Ala.: Ala. Geol. Survey, 1894, p. 248.

Corallum in small rounded masses. The two diameters of the speci-

men figured in PI. XVIII, fig. 5, are in a horizontal plane, greater, 30 nun.,

'lesser, 26 mm.; height, 23 mm. None of the nine specimens studied indi-

cate a much larger size. The calices are circular and are definitely circum-

scribed. Their margins are slightly elevated above the intervening costate

area. Diameter, from 2.5 to 3.5 mm,; distance apart, from somewhat less

than 1 to 1.5 mm This intervening area is depressed somewhat below the

level of the calicular margins and costate. The costs; correspond to all

septa. They may be directly continuous from one calice to the next, may

alternate with one another, or may meet at an angle. There is sometimes a

small raised Hne indicating where the costse of adjacent calices come together.

.DiefossileuForaminiferen, Anthozoen und Bryozoen von Oberburg in Steiermark: Denkschr.

K. Akad. Wiss., Wien, Math.-naturw. CI., Vol. XXIII, 1864, pp. 24, 25, pi. vin, fig. 1.
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The costse are thick, low, equal, and have granulate edges. Looked at

superficially from above, each calice seems peripherally bounded by a wall;

and there appears to be a second wall where the costse from one calice meet

those of the next adjacent calice. But this is only an appearance. Syn-

a])ticul8e occur between both septa and costa\ These ai-e arranged in a

definite circle around each corallite cavity, and give the appearance of a

definite wall when viewed from above. There is another definite series of

synapticula3 at the costal junction of adjacent corallites. These features

were shown by breaking some of the specimens longitudinally to the ver-

tical axis of the corallites. Besides these definitely arranged synapticulse,

there are many others between the costse without apparent order. The

septa are arranged definitely in three cycles. The six of the first cycle are

slightly the largest and fuse by their inner ends to the columella. The

members of the second cycle also reach the columella. Those of the third

cycle fuse by their inner edges to the sides of the second. All of the septa

are decidedly thicker at the periphery of the calice, and have their edges

slightly elevated. None of the septa have the margins preserved, but they

are without doubt dentate. The septa are composed of trabecules directed

upward and inward. Occasionally minute pits indicated the trabecular

courses, but no instance of a septum being undoubtedly originally perforate

could be found. Tlie septa, typically, are solid, imperforate. Synapticuloe

exist between the septa, but are not so abundant , as they are between the

.costse. Besides the synapticulae, there appear to be some small thin dis-

sepiments. Pali are present on the inner ends of the septa of the second

cycle; and in the best-preserved calice studied they seemed to be on the

inner ends of those of the first cycle also. The follo^\ing•, apparently, is

the correct characterization: Pali well developed, moderately wide, with a

curved upper edge, in a single crown, on the inner ends of the first and

second cycles of septa. The precise nature of the columella can not be

made out with absolute certainty, because of chemical changes which the

specimens have undergone. The inner margins of the septa of the first

and second cycles fuse more or less compactly, making a well-developed

columella. Tliere appears to be in most calices a central, erect, more or

less styliform or compressed piece that is independent of the septa; and

apparently the columella in the worn specimens is composed of the two

elements—one essential, the other merely a reenforcement of the first l)v
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septal fusiou around it. Calicular fossae shallow. Reproduction takes place

b}^ budding from the costate area between the angles of the calices.

Localities.—Prairic Creek, Alabama (United States National Museum);

eastern Wilcox County, Alabama (collection of T. H. Aldrich).

Horizon.—Mldwaj beds ; "Turritella Rock," according to the label of

Mr. Aldrich's specimens.

Types.—United States National Museum; specimens in the collection of

Mr. T. H. Aldrich.

From a superficial study of this coral I at first made the mistake

of referring it to Stephanocoenia. By comparing the preceding description

with that given for Stephanoccenia fairbanski the general supei"ficial resem-

blance will be quite apparent, in snite of the two corals being essentially

very different.

Genus MESOMOKPHA Pratz!

MESOMOKPHA DUNCANI sp. DOV.

PI. XYIII, figs. 8 to 10.

1894. Thamnastraa duncani Vaughan nom. nud. Kept. geol. Coast. PI. Ala. : Ala.

Geol. Survey, 1894, p. 248.

Corallum in rounded, rather low, more or less cap-shaped masses, base

almost flat. Two specimens in the National Museum that show the form

and size of the colony possess the following dimensions

:
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perforations could be discovered in several thin cross sections, nor in many
long-itudinal sections, nor on the flat faces of the septa. SjTiapticula? veiy

abundant; in an interseptal loculus extending;- from one calicinal center to

the next there are from six to nine. Those synapticulse whose origin could

be made out are false, but I can not deny that true sj^napticulfe also may
sometimes be ])resent. There appear to be occasional dissepiments, but of

this I can not be positive. The calices are not preserved in their original

condition; therefore the original character of the columella could not be

made out with absolute certaint}-. In many cases it appears to be a stout

pillar or style, but this appearance might be produced by chemical chang-es,

soldering the inner ends of the septa together after the death of the coral.

In other instances it seems false. The thin sections show the fusion of the

inner ends of the septa in the columella space. The following characteriza-

tion seems correct: Columella well developed but false, formed of the inner-

most septal trabeculfE, which may fuse so completel}' that in cross section,

below its upper surface, it may appear solid. Upi)er surface papillate. The

calices are supei-ficial. Reproduction by budding between the calicinal

centers.

Locality.—Prairic Creek, Alabama.

Horizon.—Mldway beds.

Types.—Three specimens in the United States National Museum.

This species resembles very closely TJiamnastrcca balli Duncan from the

Ranikot (Lower Eocene) series of the Sind. It has more septa than the

Sind form, and its calices are larger.

The species just descrilied is undoubtedly Mesomoi'pha. A species,

Mesomorpha cafwhipoisis, recently described by myself from Catadupa,

Jamaica, ^ might not be Mesomorpha, as the septa just below the upper

edge may sometimes be perforate.

In the paper on Jamaican corals, just alluded to, some remarks are

made on the insufficiency of the characterization of Thamnastrsea. Those

remarks, with some additions, will l)e repeated here.

There is no way of distinguishing from tlie literature the difference

between Mesomorpha and Thamnastraja, because n<) thorough study of the

type of the latter genus, Th. demhoidca (Lamouroux), has been made.

Pratz, in his memoir Ueber den Aufbau des SeptalapjDarates einiger

' Bull. Mus. Comp. ZoOl. Harvard Coll., Vol. XXXIV, 1899, p. 246, pi. xli, figs. 1-3,
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charakterlstischer Gattuugeu/ does not even mention the type species. So

although Pratz has added some interesting observations on the septal struc-

ture of some corals, he has not informed us what Thamnastrsea really is.

He has not given the name of the species on which he based his figures and

studies; therefore we do not know that he studied Thamnastrsea at all.

According to Pratz's figure of Mesomorpha," the species under consid-

eration must belong to that genus, but it is impossible to decide whether it

is a Thamnastraja. The following is Pratz's definition of Mesomorpha:'

Polypar massiv knollig, hiickrig oder astig. Zuweilen incrustirend. Kelche

niedrig, uiclit durch scharfe Grate umschiieben, sondeni durcli Septocostalradien

uutereiuauder verbunden. Eiiie Mauer feblt oder ist bocbtens rudimeiitiir und von

den Septacostalradien versteckt. Septa compact, an den Seiteufliicben luit Korncbeu

verseben. Die beuacbbarten Septalflacben sind durcb starke, ecbte Synaptlkehi mit

einander verbunden. Letztere verleiben dem zwiscben den Kelcbcentren beflndlicben

Sclerencbym bei unregebnassigem Verlaufe des Septocostalradien zuweilen ein

ccenencbym-artiges Ausseben. Der Septalrand ist regelmiissig gekornelt und deutet

auf einen trabecularen Aufbau bin. Siiulcbeu papillar, bauflg mit mebrereu Stern-

leisten verscbniolzen.

There could be only one cause for questioning my generic reference;

this is, M. duncani has false synapticulse, but in my opinion, as already

expressed, whether synapticulfB are true or false is of no systematic value.

Koby in discussing Thamnastra;a^ does not mention Thamnustnea den-

droidea, although the species occurs in the Jurassic of Switzerland. He

says (p. 557): "Je prends pour type des vdritables Thamnastrees la

Thamnastrcea amchnoides, dont je vais donner une description du polypier."

As the type of the genus has already been designatpd, Koby can not

change it. Until some one furnishes us a detailed study of Th. dendroidea

we are working absolutely in the dark on the relations of the whole set of

the so-called Thamnastrseoid genera.

Ueber die verwandtschaftliolien Beziehungen einiger Korallen Gattungeu : Pah-eontographica,

Vol. XXIX, 1882, pp. 92-98.
,. , ^-^.^- ,ooo

"Eocane Korallen aus der libyscheu Wiiste und Aegypten: Pabi-ontograpliica, ^ ol. .\\X, 1S»<5,

Pal. Theil, pp. 226-227, pi. xxv, figs. 45, 45a.

^Eoc. Korall. aus der lib. AViiste, u. s. w. :
Loc. cit.

"Monogr. d. polypiers jurass. d. la Suisse : Mem. See. pal. Suisse, Vol. XVI, 1889, pp. 556-560.

MON XXXIX 11
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Family EUPSAMMID^E Duncan (subfamily M:ilne-Ed\vard.s
and. Haime).

Genus BALANOPHYLLIA Searles Wood.

Discussion of thegenusosteodes.—In Vol. VII, pagG 263, of the Proceedings of

the Academy of Natural Sciences of Philadelphia, Conrad proposes the

above name for a genus to include such forms as Balanophyllia irrorata ' and

B. caidifera.' The forms included in this genus are now distributed into

two genera^, both of which antedate Com-ad's name. Balanophyllia was

proposed by Searles Wood in 1844* (type species B. calyculus S. Wood)

and Eupsammia by Milne-Edwards and Haime in 1848^ (^JV^ species E.

trochiformis (Pallas). Furthermore, Conrad jjublished no figures, except for

E. caidifera,^ and did not describe his genus with sufficient accuracy.

Therefore it is discarded. The discussion is introduced here because this is

the first species noted which was referred to that genus.

The generic diiference between Balanophyllia and Eupsammia is so

slight, and as some species, for example, BalanophyUia haleana, have indi-

viduals which can with propriety be referred to either genus, I have some-

times thought it best to place Eupsammia in the synonymy of Balanophyllia.

The reasons why I have not done so are : First, in later Tertiary and recent

times the two genera are distinct; second, when we obtain sufficient material

of various fossils, every species, every genus, etc., must intergrade with

some other species or genus; therefore it seems to me better not to merge

species or genera into one when they grade into one another in a lower

horizon, Ijut are distinct in an upper one. There may be difterence of

opinion on this point. I will state that Eupsammia and Balanophyllia do

pass one into the other, and if that destroys the validity of a genus, the

former becomes a synonym of the latter, and the family name Eupsam-

midse must be changed.

Here seems the most appropriate place to introduce some observations

' Proo. Acad. Nat. Sci. Phila., Vol. VII, 1855, p. 263.

^TiirhinoUa caulifera Courad, Proc. Acad. Nat. Sci. Phila., Vol. Ill, 1847, p. 296; Jour. Acad. Nat.

Sci. Phila., 2d ser., Vol. I, 1848, p. 127, pi. xiii, figs. 33 and 34.

'Ct. Osteodes elahoraUi (CoQTad). Check List, 1866, p. 2. Referred to genus Eupsammia in the

present paper, vide inf. p., 180.

" Searles Wood. Ann. and Mag. Nat. Hist., Vol. XIII, 1844, p. 11.

"Annales sci. uat.. Vol. X, 1848, p. 77. Duncan erroneously cites 1860 as the date of this genus.

" Conrad's septal diagram of TurMnoUa caulifera is not accurate and is of no value in determining

the characters of his proposed geuus.
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made on the minute structure of two species of Balanophyllia, viz, B.

irrorata (Conrad) and B. elongata sp. nov. For purposes of comparison

attention is called to I\Iiss Og-ilvie's work on the structure of Eupsammia

trochiformis}

Balanophyllia irkorata (Courad).

The wall.—Distally the septa are joined by synapticulse. True theca

was seen in one part of the section, i. e., a calcification line was seen between

the ends of two septa, but this might be a rudimentary septum. In another

place a very rudimentary septum was inserted between two older ; the ends

were fused so as to form a pseudotheca.

The septa are not directly continuous to the outside, as in the so-called

Astrseids, Fungids, Turbinolids, etc. For a portion of the length a septum

is continuous, straight or slightly curved. As it approaches the exterior it

becomes perforate, and a spongy mass of synapticulfe and disconnected

portions of septa prevail. The main axis of the septal plane does not

coincide with the central vertical axis of a costa, but corresponds to one

side of it. A short disconnected rudimentary septum corresponds to the

other side of the costa. In places the apex of a costa seems formed by a

keystone piece set in between the ends of a large and rudimentary septum.

In other places the small septa may each have a con-esponding fine costa,

making a set of compound costa?. Very often it is extremely difficult,

because of perforations and synapticulse, to trace the course of a septum,

the whole being resolved into a spongy mass. But in general the costse

correspond in position to the septal (speaking of the developed septa)

planes projected through the wall. I do not know of any exception to this.

The septal trabeculae, as judged by the granulations on the surface of

the septa, pass upward and inward. The course of a trabecula may con-

tinue uninterruptedly across several growth segments, new trabecula? being

introduced between the old, or, as Miss OgiKne has noted, the new

trabecular courses may alternate in position with the old trabeculse. Both

conditions occur, i. e., the trabecule are not always continuous across all

growth segments. In the spongy zone quite near the periphery of the

corallum is a line of divergence, outside of which the ti'abecula? pass

upwai-d and outward.

'Microscopic and Systematic Study of Madreporarian Types of Corals, pp. 193-201.
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Along the sides of the middle line of the septa the micro-fibers diverge

inward and converge outward along the middle of the septum. Both true

and false synapticulje are present. The lower part of the coi-allum is filled

by the continuous thickening of the skeletal elements in that portion of the

corallum. The columella is a spongy mass composed of calcification centers

that fuse by processes among tliemselves and also sometimes to the septa;

but which appear entirely independent of septal trabeculae. There seems

absolutely no order in the arrangement of the larger granules in the septal

sides.

Balanophyllia elongata sp. nov. (vide infra).

The character of the wall, relations to costee, septal structure and char-

acter of columella are practically the same as in B. irrorata. Quite often

calcification centers, apparently independent of the septa and arranged

irregularly around these distal ends, are seen. By a rapid thickening of all

the distal elements, a solid wall is formed. By a thickening of the septa,

etc., the whole basal part of the columella becomes almost solid.

Miss Ogilvie, in her work already alluded to, has given so detailed a

description of Eupsammia trochifonnis that it is not necessarj' to add other

notes here.

Balanophyllia desmophyllum Milue-Edwards and Haime.

PI. XVIII, figs. 11 to 13a.

184S. Balanophyllia desmophyUum Milne-Edwards and ITaime. Mon. des Eupsam-
inides: Annates sci. nat., 3d ser., Vol. X, p. 8C.

1850. BalanopliyUia desmophyUum Milne-Edwards and Haime. Mon. Brit. Foss.

Corals, Pala'ontogr. Soc., pp. 35-30, pi. vi, figs. 1 and la-lc.

1857, BalanopliyUia desmophyUum Milue-Edwards and Haime. Hist. Nat. des Corall.,

Vol. Ill, p. 102.

1881. Balanophyllia desmophyllum Quenstedt. Eohren- und Sternkorallen, p. 1042.

Form subflabelliform, attached by a short pedicel, transverse outline

elongate elliptical. Calice rather deep. Septa thin, in five cycles. The
members of the first and second C3^cles with j^i'ominent u]>per margins.

The margins of tlie thn-d also exsert, liut not to so great a degree as in

the first and second cycles. The members of the fourtli cycle have the

least prominent margins. Those of the fifth cycle meet and unite in

front of the fourth and then fuse to the sides of the tliird. They are very

perforate. Their surfaces granulate. There are no dissepiments. Costse
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rather fine, crowded together. Those corresponding to the first, second, and

third cycles coarser than those con-esponding to the fom-th and fifth cycles.

Those costaj con-esponding to the fourth and fifth cycles, fine, acute, present

a sen-ate appearance when seen from the side, composed of a single row of

gi-anules; those corresponding to the first, second, and third cycles of septa

consist in their lower portion of a single row of granules, but in their upper

portion of a double row. Branching by trifurcation. In old specimens the

costse of the upper portion are wider and more granulated. Occasionally

a septum of the fourth cycle will be fused distally to one of the second

cycle, and a single costa will correspond to the two septa. The perfora-

tions in the intercostal furrows are very close together. There may be an

extremely thin pellicle of epitheca just above the place of attachment. Epith-

eca rudimentary or absent. Wall rather dense, vesiculated. Columella

very well developed, spongy, vesiculated.

Greater diameter of oalice

Lesser diameter of ealice .

Height of corallum

Mm.

U
8.5

18.5

Mm.

13

8.3

17.5

Mm.

23

16.5

28.5

Localities.—Grcggs Landing and Woods Bluff, Alabama; Newton, Missis-

sippi; Wautubbee Hills, Mississippi; 9^ miles south of Hickory, Mississippi;

Indian Mound, 2^ miles east of Newton, Mississippi; 1 mile south of

Hickory, Mississippi; 2 miles southeast of Hickory, Newton County, Mis-

sissippi; 8 miles west of Enterprise, Clarke County, Mississippi; 8 miles

southeast of Hickory, Newton County, Mississippi; Wheelock, Robertson

County, Texas; Smithville, Texas; 1 mile southeast of Mason Springs,

Maryland.

Geologic occurrence.—Bells Landing, Woods Blufi^, and Lower Claiborne beds.

Figured specimens.—Uuited Statcs Natioiuil Muscuiu ; and from collection of

T. H. Aldrich, also in United States National Museum.

The subflabellate form of this species easily separated it from the

other Eocene species of Balanophyllia in the United States.

I have vei-y carefully compared our American material with the

descriptions and figures of B. desmojihyUnin given by Mihie-Edwards and

Haime, and when in London, in January, 1898, I had the opportunity to
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examine the types of the species. I have been unable to find any character

by vvliich the American specimens can be separated from those from

Bracklesham beds, Enghind. Mihie-Edwards and Haime give an account

of the affinities of B. desmophyUHm for the other European species of the

genus in their Monograpli of the British Fossil Corals. Their work can be

consulted for these notes.

Balanophyllia desmophyllum var. microcostata var. nov.

PI. XIX, figs. 1 to 3c.

Corallum horn shaped : base pointed, slender ; cross section elliptical.

Attached in its early stages, becomes free later. The corallum may be

curved in the yAowq of either the longer or shorter transverse axis of the

calice, or in a plane not containing either of these axes. Septa in five cycles,

their surfaces granulate. The costse delicate, composed of a rather regular,

usually single, series of granules. In some specimens, on the basal portion

of the corallum these costse are coarse, but they soon branch and become

fine and much crowded together. The intercostal furrows very perforate.

Wall moderately thick, somewhat vesiculate. Some epitheca on the lower

portion of the corallum.
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Balanophyllia irrorata (Conrad).

PI. XIX, figs. 4 to 11a.

PI. XIX, fig. 4, drawn from one of Conrad's original type specimens; figs. 5 to 5b,

drawings of a typical specimen from Jackson, Mississippi; flg. 6, side view of a

septum ; tig. 7, of Gabb and Horn's type of " Trochosmilia" niortoni ; flg. 8, another

spe(;imen of var, mortoni; figs. 9 and 10, variety dichotoma Gabb and Horn;
figs. 11 and 11a, variety coniformis var. nov.

1855. Osteodes irrorattis Conrad. Proc. Acad. Nat. Sci. Phila., Vol. YII, p. 263.

1860. Trochosmilia mortoni Gabb and Horn. Jour. Acad. Nat. Sci. Phila., 2d ser.,

Vol. IV, p. 389, pi. Ixix, figs. 4^6.

1860. CylicosmUia caultfern GabV) and Horn (non Turbinolia {:^=Balanophyllia) caiilifera

Conrad). Jour. Acad. Nat. Sci. Phila., Vol. IV, p. 389, pi. Ixix, figs. 7-9==

1860. GijUvosmilia dichotoma Gabb and Horn. Loo. cit.

1866. Osteodes irroratus Conrad. Check List, p. 21.

1890. Osteodes irroratus de Gregorio. Mon. de la Fauna (-ocenique de I'Ala., p. 256.

1896. Balanophyllia irrorata Vaughau. Bull. U. S. Geol. Survey No. 142, p. 51.

This species may be divided into four fairly distinct varieties by which

it will be described, and their relations to one another will be shown.

Balanophyllia irrorata (Conrad) typical.

PI. XIX, figs. 4 to 6.

Corallum elongate, snbconical, may be curved in the plane of the longer

or shorter transverse axis of the calice, sometimes straight. Cross section

elliptical, attached in the young stages, but subsequently becomes free. In

old specimens the scar is covered by a deposit of calcareous matter.

The epitheca is very thin, covering the lower portion of the corallum.

Costse are rather coarse, acute, usually j^resent a carinated appearance,

composed of many small nodules in a single row; branch by trifurcation.

When the caringe are worn down a little, the porous character of the costee

is revealed. The wall is perforate, thick, and spongy. Septa in five cycles,

their surfaces covered with many pointed granules. Near the wall these

granules meet, forming syiiapticulse, and thus increase the thickness of the

wall. Columella spongy.

Longer triinsversu axis of calice.

Shorter transverse axis of calice

Height of corallum

Mm.

18

13.!

39

Mm.

17

13.5

30

Mm.

17

13.5

23
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Localities.—Moutgomeiy, Louisiana; Jacksou, Mississippi ; and Claiborne,

Alabama.

Geologic occurrence.—Jack.souian .stagc, ancl Upper Claiborne (?).

Balanophyllia irrorata var. mortoni (Gabb aud Horn).

PI. XIX, fig. 7, drawn from one of (iabb and Horn's types; PI. XIX, figs. S to 8b, from
a specimen with more pointed base, from Wagner Institute collection.

1860. Trochosmilia mortoni Gabb and Boru. Jour. Acad. Nat. Sci. Phila., Vol. IV,

p. 389, pi. Ixix, figs. 4-6.

The following description is based upon the original types:

Corallum of a short subcorneal form, cross section elliptical, slightly

curved. The curvature may be in the plane of the lesser or greater trans-

verse axis oi' the calice. Attached by a broad base when young, but

becoming free, and the scar may be ultimately almost obliterated. Co.st3e

well developed, but not so prominent as in B. irrorata; branch by trifurca-

tion. Intercostal fuiTOws perforated. A slight development of epitheca.

Wall strong, not very thick, slightly vesiculated. Septa in five cycles;

those of the fifth cycle uniting in front of those of the fourth. Columella

weak.

Greater diameter of calice, about .

Lesser diameter of calice, about. ..

Height of corallum

Mm.
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Balanophyllia irrorata var. dichotoma (Gabb and Horn).

PL XIX, figs. 9 and 10.

1860. GylicosniiliacauliferaGa.bb and Horn (non Turhinolia(= Balanophyllia) caulifera,

Conrad). Jour, Acad. Nat. Sci. Phila.,Vol. IV, p. 389, pi. Ixix, figs. 7-9. As
Gabb and Horn suspected that this might not be Conrad's species, they pro-

posed the alternate name G. dichotoma.

Shape subcorneal, slightly compressed, attached in young stages but

free m adult stage. Costte well developed, strong, usually composed of a

single series of granules, slightly carinated, branch by trifurcation. Wall

strong, shows few vesicles. In both of the type specimens there is a rather

abrupt increase in size of the corallum a short distance above the base,

giving the corallum a slightly shouldered appearance. Septa in five

cycles; in the upper portion of the corallum they are thin and delicate; in

the lower portion thick and strong. Their surfaces granulated. Columella

vesicular.

Greater diameter of calice, about

Lessei' diameter of calice, about

Height of corallum (from base to upjjer edge of wall)

Height of corallum (to end of projecting columella)..

1
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The following are the measurements of these specimens

:
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These two species, B. desmophyllum and B. irrorata, with their varieties,

form an apparently connected genetic series.

B. desmophyllum var. microcostata is the oklest of the series, and occurs

in the Nanafaha bed at the base of the Chickasawan. It is succeeded by

the typical B. desmophyllum in the next higher horizon, the Greggs Landing

beds. This form ranges through the middle and upper Chickasawan, and

well up in the Claibomian. In the Lower Claiborne, as an offshoot from

this species, var. mortoni of B. irrorata appears. Var. coniformis of B. irrorata

is derived from var. mortoni. As another further descendant of var. mortoni

we have the typical B. irrorata, as it is found in the Jackson beds of Mis-

sissippi and Alabama. The variety dichotoma of B. irrorata is also derived

from var. mortoni.

Balanophyllia inaueis sp. nov.

PI. XIX, figs. 12 to 14.

The following is a doubtful synouymy

:

1834. TurhinoUa inawris Morton. Synop. Org. Eem. Cret. Group., p. 81, pi. xv, fig. 11.

1861. TurhinoUa mauris de Fromeutel. Introd. a I'fitude des Polyp, foss., p. 100.

1893. TnrbinoUa inauris Boyle. North Amer. Mes. Invert. Bull. U. S. Geol. Survey

No. 102, p. 291.

Morton never described "TurhinoUa Inauris" and published only a

miserable figure that gives merely the form of the corallum, and the figm-e

is drawn upside down. The specimens, supposedly the types of the species,

were sent to me from the Philadelphia Academy of Sciences, through the

courtesy of Prof H. A. Pilsbry. Unfortunately, the figured specimen of

Morton is not iia the lot. It seems reasonable to assume that Morton's type

came from the same locality as these specimens, but even when this

assumption is granted it can not be decided what species he meant. There

are four different species among the supposed types, viz: Flabellum mortoni

sp. nov., Trochosmilia conoides Gabb and Horn, an Endopachys, probably

E.maclurii (Lea), and a Balanophyllia that I here name B. inauris. Bolsche,

in Credner's Die Kreide von New Jersey,^ describes what he calls Tro-

chosmilia f inauris (Morton), but he gives no figure, and in the state of

confusion of the species one can not tell from his descrip.ion what species

he had.

It seems to me best to discard Morton's species altogether. I apply

inauris to a Balanophyllia occurring among his so-called types, but this

I Zeitsch. Deutsch. geol. GeBell., Vol. XXII, 1870, p. 215.
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name as applied to the Balanophyllia is not an identification of Morton's

'' TnrhinoUa Inauris."

The following- description is based on seven specimens in the United

States National Museiun, and five specimens and two sections in the

collection of tlie Academy of Natural Sciences of Philadelphia

:

The corallum possesses two forms; they are either cornute, curved in

the plane of the longer transverse axis of the calice, or are straight;

occasionally a .specimen may be slightly curved in the plane of the shorter

transverse axis. The first-described form of corallum is that figured by

Morton. The area of attachment is small. The following gives the meas-

urements of a series

:
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This is a very well characterized species. It seems to have its

closest resemblance with Balanopliyllia irrorata (Conrad); V)ut that is not

great. The cost£e are much finer in the former than in the latter, and con-

stitute one good diiference.

Balanophyllia pondeeosa sp. nov.

PI. XX, flgs. 1 to 2.

A large, coarse species. Form elongate, cross section elliptical, curved

in plane of longer axis of the calice. Area of attachment rather large. The

size does not always increase uniformly from the base; therefore there are

sometimes girdling constrictions, giving the specimens a moniliform appear-

ance.

Corallum wall composed of two layers, an outer rather thin, solid

one, and an inner, thick, vesicular. Viewed from the outside it looks solid;

it does not show perforations. The costse are low, broad, rounded, and

granular. There are larger costse, intervening between each pair of which

are either thi-ee or seven smaller ones. There aie five complete cycles of

septa. The costse corresponding to the first and second cycles are larger

than those corresponding to the higher cycles. In one system there are

two costse corresponding to septa of a sixth cycle. The total number of

costse is 98. Thin pellicular epitheca present.

The number of septa have already been stated— five complete cycles

and occasional members of a sixth cycle. Those of the fifth cycle fuse in

front of the included fourth. The septa are very thin, and have spinose

sides. Columella large vesicular. The calicular portion is so broken that

as good measurements as were desired could not be obtained, but those

obtained were as follows: Greater diameter of calice, 25 mm.; lesser

diameter of calice, 20 mm. ; height, 44 mm.

Locality.—Prainc Creek, Wilcox County, Alabama. (L. C. Johnson,

collector.)

Geologic occurrence. Mldway bcds.

Type.—United States National Museum.

This species may be easily distinguished by its large size, moder-

ately large ai-ea of attachment, thin outer solid wall, thick inner vesicular

wall, and low, wide, round, granular costse. It seems nearer to B. elongata

or B. caulifera than to the other species of the genus, but both of these

species are much smaller and have very small areas of attachment.
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Balanophyllia annularis Sp. IIOV.

PI. XX, figs. 3 to 5.

Shape of corallum subcorneal, rather sliort, usually slightly curved,

transverse outline elliptical; attached by a small base. Costpe small, cor-

responding to all cycles of septa; beautifully granulate. Usually there is a

single row of granules on the costse corresponding to the third, fourth, and

fifth cycles of septa, but occasionally it may be double. The costai corre-

sponding to the first and second cycles are much wider than those correspond-

ing to the higher cycles, which are equal in size; the former are rather

flattened above, while the latter are acute. The epitheca is usually well

developed, extending rather far up the side of the corallum. Since it is

thicker in some places than in others, it gives to the corallum an annulated

appearance. The wall in its upper portion is rather thin but dense for a

Balanophyllia, the corallum filling up internally by secondary thickening.

Septal aiTangement typical for the genus in five cycles; their sides

granulate. Dissepiments absent. Columella vesiculate, weak. The follow-

ing measurements are from an average specimen: Greater diameter of

calice, 11. .5 nun.; lesser diameter of calice, 10 nun.; height of corallum,

17 mm.
Locality.—Lower Peach Tree Landing, Alabama.

Geologic occurrence. Bclls Laudlug bcds.

Types.—From collection of T. H. Aldrich in the United States National

Museum. Specimens in collection of Wagner Free Institute of Science.

This species stands alone among our Eocene Balanophyllipe ; iio other

one possesses such a dense, highly developed, annulated epitheca. It has

a gross resemblance to some .specimens of B. irrorata var. coniformis, Init

the two forms could scarcely be confused. Occasional specimens lack tlie

epitheca. These resemble Eupsammia elaborata (Conrad), to be described

later. B. annularis, in all the well-preserved specimens that I have seen, has

a very small nipple-like pedicel, or a sear of attachment. The corallum is

more compact than in Eupsanmila elaborata.

Balanophyllia augustinensis sp. nov.

PI. XX, figs. 6 to 10.

Form slender, elongate cornute, cross section elliptical, base pointed,

attached by a very small pedicel. Costaj subequal in size, low, broad, granu-

lar. In lower part of corallum frequently composed of simply one row of
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gi-auules, while in- the upper portion there may be as many as three along-

side one another. When there is more than a single row of granules, the

granules are arranged irregularly. Shape and character of the costse distin-

guish the species. Wall originally regularly perforate, but becomes second-

arily compact below the calice. The presence of epitheca is doubtful; on

the best-preserved sjjecimens there is none.

The septa have the typical Balanophyllid an-angement. In the smaller

coralla there are five complete cycles. Those of the fifth fuse in front of the

fourth, and by a prolongation from place of fusion to the columella or to

the sides of the third. They appear to be thin originally, but become sec-

ondarily thickened and completely fill the lower portion of the corallite

cavity. The septal faces are beset with rather tall, pointed granulations.

The granulations are frequently inclined. There is no system about the direc-

tion of the inclination; sometimes they point outward, sometimes inward.

No dissepiments could be found. The columella is not very large; it has a

papillate upper surface.

The following are the measurements of the ty|Des

:
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quite near to the calicular margin. Upper portion of the wall perforate.

"Within, a dense deposit entirely fills the lower portion of tlie comlliim.

Near the wall there is a considerable amount of vesicular endotheca.

There are also inclined dissepiments, sloping from the outside downward.

Septa in four cycles, not exsert. Their upper margins reach about to the

same level as the upper limit of the wall. The septa of the first and second

cycles reach the columella, those of the fourth cycle meet in front of the

third, which do not always reach as far as the fusion of the former. From

the point of fusion of the fourth cycle a plate extends to the columella.

The upper margins of the septa are entire, their inner margins jagged, faces

granulate; perforate near the wall. Columella large, well developed,

spongy.
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rather wide, usually flattened or rounded in profile, may be acute, gi'anu-

late, branching by trifurcation. Wall nioderately thick, perforate, vesicu-

late. The epitheca may be rudimentary or fairly well developed. Some-

times these are simply encircling bands or slu-eds. Septa not so crowded

as is usually the case in the other species of the genus here considered,

in four complete cycles, and the fifth is appearing at the end of the

longer transverse axis of the calice. Those of the fourth cycle fuse to

the sides of the third. When there are members of the fifth cycle, those

of the fifth fuse to the sides of the fourth
;
prolongations from their fusions

meet in front of the septa of the third cycle or fuse to the sides of this cycle.

The first and second cycles, and a prolongation from each septal group

about the members of the third cycle reach the columella. No dissepiments

could be found in the interseptal loculi. Columella vesiculate, fairly well

developed.

Longer transverse axis of calice

Shorter transverse axis of calice

Height of corallum

Mill.

12.5

10.5

18

Mm.

8.5

7

8.7

3fm.

16

14

23

Localities.—Viclisburg and Red Blufi", Mississippi; near Rosefield, Cata-

houla Parish, Louisiana.

Geologic occurrence. VicksburgiaU StagC.

Types.—In the collection ofthe Philadelphia Academy of Natui-al Sciences.

PI. XX, fig. 15, is drawn from one of the original specimens of Conrad.

The other specimens figured are in the United States National Museum.

The most characteristic feature for typical B. caulifera, after its form,

is its srQall nipple-like pedicel.

Balanophyllia oaulifeea var. multigranosa var. nov.

PI. XX, figs. 19 to 20.

From the specimens figured, one would not suspect that this is only

a variety of JB. caulifera. It was some time before I coidd consent to believe

it, but such it certainly is.

The variety about to be described occurs in the Red Bluff horizon,

and is the immediate ancestor of typical B. caulifera as it is found in the

MON XXXIX- -12
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Vicksburg beds. During the time of the forniatiou of the Red Bluff, the

species had not assumed definite characters, but was almost protean. The

specimens that are straight and with a basal nipple may be referred to

B. caulifera s. s. The variety may be thus characterized:

Corallum more or less cornute, short or rather long, the curvature not

having any invariable relation to the calicinal axes, but usually in the plane

of the o-reater axis. The area of attachment extremely variable in size

;

sometimes the attachment is by a small pedicel, but in other instances by a

considerably expanded base. The costse maj^ be a simple row of acute

granulations, or they may be wide, rounded, or flattened in profile and

densely and irregularly granulated. The septa and columella need no

special description. No dissepiments could he found in the interseptal

loculi.

Greater diameter of calioe

Lesser diameter of calice .

Height of corallum

Mm.
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extremely tliiu, with faces covered with numerous small, pointed grains. Those of

the last cycle fuse at about two-thirds the length of the neighboring septa. Height,

25 mm.; longer axis of the calice, 19; shorter, 16; the approximate proportion,

100:118. Fossil from Alabama. Collection of Alcide d'Orbigiiy. Tiie general form
of the single specimen we have seen differs very little from that of iJ. trochiformis, but

the base is feebly curved in the plane of the shorter axis of the calice.

PI. XX, figs. 21, 21a, are two views drawn from photographs of the

type specimen and kindly furnished by Prof Aljjhonse Milne-Edwards.

When in Paris, in January, 1898, tlu-ough the courtesy of M. Boule, of the

Collection Paleontologique, I had the opportunity to examine this specimen

and several others that Milne-Edwards and Haime had. The type specimen

is the most abnormal specimen of the s^jecies that I have seen ; it repre-

sents the extreme of elongation of the species. PI. XX, fig. 22, represents

a specimen intermediate in character between the type and the usual form.

There is a second specimen in the Collection Paleontologique that presents

the ordinary characters.

The species is transferred to the genus Balanophyllia because the speci-

mens always show a distinct and often fairly large scar of attachment.

Some specimens may become free, but others evidently are permanently

attached during the life of the animal. Usually there is a thin pellicular

epitheca over the lower portion of the corallum. These two characters are

the essential ones by which Balanoi)hyllia is differentiated from Eupsammia.

The following is a characterization of the usual form of the species:

Corallum compressed, conical, rather short; cross section broadly ellip-

tical, usually curved in the plane of the shorter transverse axis of the calice,

occasionally in the plane of the longer transverse axis.

All of the specimens examined show indications of attachment on the

base. Costse usualh^ broad and flat, except at their origin, when they are

composed of a single row of granules, in the wide portion composed of a

double, sometimes treble, set of granules arranged transversely, jierforated.

Intercostal furrows very small, perforated. Base of the corallum usually

covered by a thin pellicle of epitheca. Wall thick, vesiculated, perforated.

Columella very vesicular. Septa thin, in five cycles, with usual Eupsammid
grouping, their surfaces covered with granules.
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Coralluin compressed, corneal, straight; cross section elliptical, no

indication of attachment. Costa3 rather fine, show perforations; branch

by trifurcation. No epitheca. Wall perforate, spongy. Septa thin, in

five cycles, anastomosing as usnal in Eupsammia. Columella spongy.

Greater diameter of caliee, 12 mm.; lesser diameter of calice, 9 mm.; length

of corallum, 13 mm.
Locality .—Claibome, Alabama. '

The following description was based on material from Greggs Landing,

Alabama, in the United States National Museum: "

Tlie corallum is subconical or subcuneiform, the cross section is ellipti-

cal. The base is rather obtuse, usually rounded; very frequently on the

tip is a minute scar, sho\\ ing that the corallum, in its early stages at least,

is attached. The adults are evidently free, and the basal scar may be

obliterated. The coralla are usually straight, but sometimes the apex of

the base may be nearer to one end of the long transverse axis than to the

other. There is no epitheca. The costie correspond to all septa; they are

equal, fine and crowded; they are acute, with beaded margins; nearly

always have along the summit a single row of granules; very rarely

the row nvAj be double tor a short distance. The septa are thin, weak,

arranged in five complete cycles, six systems, with the typical Eupsammid

scheme of anastomosing. Tlie granulations on the septal faces are rather

low. The columella is lax, spongy, fairly well developed.
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Geologic occurrence. BgIIs Laildillg" iincl WoOcl.S Bluff bcfls.

Type.—Academy of Natural Sciences of Philadelphia.

Specimens.—United States National Museum; collection of T. II. Aldrich;

and Wagner Free Institute of Science.

The following is M. de Gregorio's original description of Placosmilia

(Trocliosmilta) connivens de Gregorio (PI. XXI, figs. 8 to 9a)

:

"Tr. conoidea, simplex, elegans, calice elliptico, paulo excavato; septis

numerosis in 6 cyclos dispositis, laminaribus, tenuibis, valde angulosis

spinulosisque, apud columellam vix incrussatis; columella carente vel

cellulosa, ficta; costulis exterioi-ibus confertis, minutis, granulosis."

Translation: "Tr. conoid, simple, elegant; calice elliptical, slightly

excavated; septa numerous, disposed in 6 cycles, thin, delicate, with very

sharp minute spines, thickening near the columella; columella absent or

cellular, false; external costje crowded together, minute, granular."

The description suits Eiipsamniia elaborata except for the number of

cycles of septa, and the columella is never absent. E. elaborata has only

five cycles of septa, il. de Gregorio's figures for the side view of his

species, and the outlines of the calice, answer for E. elaborata, and only five

cycles of septa are represented. In the arrangement of the septa, however,

his drawings do not represent what is found in Conrad's species. The

septal diagrams given by M. de Gregorio for other species of corals that I

know well are not accurate, so it is not improbable that these likewise are

not correct representations of what is found in the specimens. I believe

that il. de Gregorio has redescribed E. elaborata.

The following notes are made on the more minute structure of the

species. The structure of a cross section is practicall}" the same as in Bala-

nophyllia irrorata, except corresponding to each septum is a distinct, sharp,

single costa. The distal spongy zone of the two genera is the same. The

wall is made up of a network of false and true synapticulse, and the costse

sometimes fuse laterally.

One instance Avas seen where apparently a new septum was being intro-

duced. Here the costa was double; the large septum corres})onding to

one side and the rudimentary septum corresponding to the other. This is a

reproduction of the condition previously described for Balanophyllia.

The sides of the septa are minutely striate, with a considerable number

of granules along the courses of the stria-. The stria^ '"'ly he directly con-
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tinuous across several growth segments, or the new may be so introduced

that the striae (trabecular lines) of a succeeding growth segment may alter-

nate in position with those of the preceding. Both conditions are connnon.

In the spongy zone is a line of trabecular divergence; interior to it the trabec-

ulse pass upward and inward ; exterior to it the trabeculse appear horizontal.

The margins of the septa where perfect were entire. The whole struc-

ture of this species of Eupsammia is the same as in Balanophyllia, except

in the comparatively insignificant detail ah'eady mentioned.

Eupsammia conradi nom. iiov.

PI. XXI, figs, 10 to 10b.

1843. Turbinolia pileolus Conrad. Proc. Acad. Nat. Sci. Phila., Vol. I, p. 327.

1840. Turbinolia pileolus Conrad. Proc. Acad. Nat. Sci. Phila., Vol. Ill, p. 22, pi. i,

fig. 26.

1895. Eupsammia ? pileolus Vaughan. Johns Hopkins Univ. Circ, Vol. XV, p. 6.

1896. Eupsammia f pileolus Vaughan. Bull. U. S. Geol. Survey No. 141, p. 90.

non Turbinolia jnleohis Eichwald. Zool. Spec, Pt. 1, 1829, p. 186, pi. iii, Qg. 1.

Shape like a very short cylinder set on a hemisphere. The basal por-

tion is very slightly conical, rounded. Very faint costse. Wall thick vesic-

ulate. Septa thick, in four cycles; those of the fourth cycle fuse to the

sides of the third, near the wall. The first three cycles reach the columella.

Sides granulate; columella vesiculate. Greater diameter, 13 mm.; lesser

diameter, 11.3 mm.; height, 11 mm.
Locality.—Pamuukey River, Kent County, Virginia.

Type specimen.—Philadelphia Academy of Natural Sciences.

We know but little of this species; only one specimen seems to have

been found, and that is very unsatisfactory. I have referred it to the genus

Eupsammia, because of the strong resemblance of its septal aiTangement to

that of young forms of other species. There is a faint scar on the base,

which mav be due to attachment in its early stages. More information con-

cerning this interesting little form will be welcomed.

Genus EHECTOPSAMMIA gen. nov.

The character of the wall, septa, etc., is typical of the family Eupsam-

midse.

Corallum simple, firmly attached by a short pedicel ; flaring out above

the pedicel, witli thin wings on the edges of tlie larger specimens. Wall
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very thin and very porons, naked, no epitheca. Broad costae coiTespond to

the septa of the first and second cycles; a single broad costae usually

coiTesponds to the combined septa of the third and fourth cycles; they are

irregular in their development; all are minutely granulated. There are

four cycles of septa in the type species. They are very perforate near the

wall. The upper margins slightly exsert; the margins of the larger septa

subentire, with some faint dentations, or occasional crenations ; those of

the smaller septa spiniform dentate. The septal faces striate, the striae, rather

remote, with comparatively tall, round-pointed granulations distributed along

them. The trabecular construction seems to be the same as in Eupsanunia

and Balanophyllia. Columella very lax and spongy. This genus presents

such distinct characters that it can scarcely be compared with any other

Eupsammid genus. It would group in Duncan's alliance Balanoj^hyllioida,

and probably has most resemblance to Endopachys, but differs in such

important characters that a special resume is not necessary.

RHECTOP8AMMIA CLAIBORNENSIS Sp. IIOV.

PI. XXI, figs. 11 to 13.

Corallum small, straight, firmly attached by a pedicel to some object;

in the specimens liefore me the attachment is iisually to a small gasti'opod

shell. Above the pedicel the corallum flares out rather suddenly. There

mfivl)e slight ma rg-inal wings. Cross section of calice elliptical. The wall

is thin and very perforate. There is no epitheca. The costa?, are poorly

developed; corresponding to the first and second cycles of septa, they are

moderately distinct. For the third and fourth cycles they can scarcely be

distinguished, or a low broad costa may correspond to the two cycles

combined in one half system. They are vesicular.

The septa consist of four complete cycles in six systems. Those of

the fourth cycle meet in front of the third. The first and second (and pro-

longation from jimction of the fourth) meet the columella. They are very

thin, and tlieir sides are covered with small spines. Columella spongy.

The calicular fossa is deep.
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Greater diameter of calice

Lesser diameter of calice

Height of ooralluiii

Length of pedicel

Lesser diameter of pedicel, al)0ut .

.

Greater diameter of pedicel, about

.

Mm.

6

4.5

6

2

2.5

3

Min.

5.7

4.2

6.5

2

Localities.—Claibome, Alabama (L. C. Johnson, collector) ; and Jackson,

Alabama (C. W. Jolmson, collector).

Geologic occurrence.—Claiboriiian stage (horizon of Claiborne sands).

Types.—United States National Museum.

In the material from Claiborne in the National Museum, are several

excellent young specimens. The following notes are based on them:

PI. XXI, fig. 12, represents the youngest. It is attached to a specimen

of Dentalium blandum de Grregorio. The basal plate is well preserved; it

forms a thin coating on the shell, and around its outer edge bends upward.

The original number of septa is twelve. Their inner ends do not meet in

the center; the latter is an open space with a few papillae resting on the

basal plate. Their outer ends do not reach the upturned peripheral edge of

the basal plate.

The next stage is represented by PI. XXI, fig. 13. This is a view of

the l:)asal end of a specimen. The twelve primary septa are shown. In

the figure their inner ends seem fused, but in reality a portion of the

basal plate still adheres to the septa; by turning the specimen one can see

beneath its sharp edge. The septa have been extended peripherally to the

upturned edge of the basal plate; the soft parts of the coral have over-

flowed it, and have built a porous wall outside of it. This specimen is

about 2 mm. high; the greater diameter of the calice is about 3.2.5 mm.,

and the lesser, 2.5 mm. An examination of the calice shows three complete

cycles of septa (reckoning six septa in the first cycle). The members of

the third cycle are longer than those of the second, and grow to meet the

columella beyond the latter, or may fuse in front of them. One of the

second cycle may sometimes fuse to the side of one of the third. The

columella in this stage is well developed and possesses a soft, spongy

texture.
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Genus ENDOPAOHYS Lonsdale.

Endopachys maclurii (Lea).

PI. XXI, figs. 14 to 16; PI. XXII, figs. 1 and 6,

1833. TurbinoUa maclurii Lea. Oontrib. to Geol., p. 193, pi. vi, fig. 206.

1838. TurbinoUa maclurii Michellotti. Spec, zoophyt. dil., p. 57.

1845. Endopachys alatmn Lonsdale. Quart. Jour. Geol. Soc. Loudon, Vol. I, p. 214,

tig. a.

1848. Endopachys alatmn Broun. Index Pal., p. 461.

1848. TurbinoUa maclurii Bronn. Index Pal., p. 1315.

1848. Eiulopachi/s maclurii Milne-Edwards and Haiuie, Annates sci. nat., 3d ser.,

Vol. X, Y>. 82, pi. i, figs. 1 and la.

1850. EniloiwchyH maclurii d'Orbiguy. Prodrome de Pal., etage 25, num. 1252.

1851. Endopachys maclurii Milne- Ed wards and Ilaime; Polyp, foss des Terr. Pal., p.

134.

1855. Endopachys expansum Conrad. Pro(\ Acad. Nat. Sci. Phila., Vol. VII, p. 263.

1855. Endopachys alticostatum Courad Proc. Acad. Nat. Sci. Phila., Vol. VII, p. 263.

1857. Endopachys maclurii Pictet. Traite de Pal., Vol. IV, p. 428, j)l. cvi, fig. 10.

1857. Endopachys maclurii Milue-Edwards aud Hainie. Hist. Nat. des CoralL, Vol.

Ill, p. 98.

1861. Endopachys maclurii de Fromentel. Introd.-a I'fitude des Polyp, foss., p. 243.

1866. Endopachys maclurii Conrad. Clieck List, p. 2.

1866. Endopachys alticostatum Conrad. Check List, p. 2.

1866. Endopachys expansum Conrad. Clieck List, \). 2.

1886. Endopachys maclurii Aldrich. Prelim. Kept. Tert. Foss. Ala. and Miss., pp. 44

and 40.

1889. Endopachys maclurii Nicholson and Lydekker. Man. of Pal., Vol. I, p. 308, fig.

190.

1881. Endopachys maclurii Quenstedt. Rohren- und Sternkoralleu, p. 1042, pi. clxxxiv,

fig. 16.

1890. Endopachys maclurii de Gregorio. Mon. de la Faune eocenique de I'Ala., p. 2.58,

pi. xlv, figs. 23-30.

1890. Endopachys alticostatuM de Gregorio. Mon. de la Faune eoceniiiue de I'Ala.,

p. 258,

'

1890. Endopachys expansum de Gregorio. Mon. de la Faune ('ocenique de I'Ala., p. 258.

1895. Endopachys maclurii Vnughiiu. Am. Geo!., Vol. XV, p. 213.

1896. Endopachys maclurii Vaughan. Bull. U. S. Geol. Survey No. 142, p. 49,

Shape cuueate, cross section subelliptical; the margins may be straight

and subparallel to eacli other, with the base at right angles to them, the cor-

ners being rounded; or they may slope out from the base, and the base be

uniformly rounded. Near the margins the corallum is nearly always com-

pressed so as to form lateral wings. In adult or nearly adult specimens the

base and margins, however, do not present a sharp edge, but are obtuse,
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graduall)' rounded; in the young, however, they are acute. On the faces

are two strong elevated tubercles; between these there may be developed a

third, but not so large, and there may be developed two other rather small

tubercles, one on the outside of each large tubercle. Surface granulate;

there are often strise running upward from the basal portion. Wall thick,

vesiculated, perforated. Septa in five cycles, those of the fifth fusing in

front of those of the fourtli; faces granulate. Columella very vesiculate,

elongated in the longer transverse axis of the calice. The size of the species

is indicated in the figures.

Localities.—Alabama, Mississippi, Louisiana, and Texas; 4 miles north-

east of Quitman, Clarke County, Mississippi; 8 miles west of Enterprise,

Clarke County, Mississippi; Wautubbee Hills, Mississippi; 12 miles north-

west of Enterprise, Clarke County, Mississippi; 1 mile south of Hickory,

Mississippi; 2 miles southeast of Hickory, Mississippi; Moodys Branch,

Jackson, Mississippi; Claiborne, Alabama; Holstuu's well, Louisiana; sec.

17, T. 18 N., R. 6 W., Bienville Parish, Louisiana; Pittman's mill, SW. ^

of SE. 4 of sec. 19, T. 19 N., R 7 W., Claiborne Parish, Louisiana; St.

Maurice, Louisiana; Montgomery, Louisiana (several specimens of var.

triangidare Con.; one specimen has a small amount of pellicular epitheca

on the base); Mount Lebanon, Louisiana; 1 mile below Shipps Ford,

Bastrop County, Texas; Elm Creek, Lee County, Texas; Alabama Bluff,

Trinity River, Houston County, Texas.

There is in the collection of the Academy of Natural Sciences of Phila-

delphia a specimen of Endopachys from New Jersey (Shark River beds).

This is probably E. maclurii, but the specimen is too poor for positive

identification.

Geologic occurrence.—Froui tlic Lowcr Claibomc to the Jacksonian stage,

inclusive.

This is a protean species, and it is very difficult to characterize it so as

to include all of the variations to which it is susceptible.

There is in my collection from Mount Lebanon, Louisiana (PI. XXII,

fig. 1), a specimen that diff"ers from the usual forms of J^. maclurii. Its

margins are nmch compressed, form subtriangular, wall rather solid, but

perforate, distinct costaj present. This is apparently only a varietal form

of i'. maclurii.
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Endopachys MACLURii var. TENUE var. uov.

PI, XXII, tigs. 2 to 5.

This variety is characterized by being much compressed, with a great

development of the marginal wings and a small development of the lateral

tubercles. The base may be straight, curved, or subtriangular. The

calicinal cavity is small compared to the size of the corallum, and there are

not five complete cycles, but four complete cycles with members of the

fifth present in the systems next the ends of the longer transverse axis.

I do not see how this can be regarded as more tlian a variety, but it

usually has a quite distinct facies and is characteristic of one horizon.

Locality of types.—Elm Crcek, Lce County, Texas; found in Louisiana and

Texas.

Horizon.—Lower Claiborne.

Types.—Wagner Free Institute of Science, Philadelphia.

Endopachys maclurii var. triangulare Conrad.

PI. XXII, tigs. 7 and 8, drawn from a specimen labeled by Conrad; and probably alsa

"tig. 9.

1855. Endcqjachys trianfiiihtre Conrad. Proc. Acad. Nat. Sci. Pliila., Vol. VII, p. '2C>.

1866. Endopaehyn triiuHiulure Conrad. Check List, p. 2.

1890. Endopachys triangulare de Gregorio. Mou.delaFauneeo('euiquedel'Ala.,p.258.

1896. Endopachys maclurii var. trianyulare Vaughan. Bull. U. S. Geol. Survey No.

142, p. 57.

This variety can be best characterized by a comparison with E. maclurii.

The outline of the corallum when seen from the side is that of an isosceles

triangle, with the apex truncated; the two tubercles on its face are not so

prominent as is usually the case in E. maclurii, and it has more distinct cos-

tse than the latter species. The septal arrangeinent is identical with that of

E. maclurii. Greater diameter of the corallum, 2G.5 mm.; greater diameter

of the fossa, 1 9 nmi. ; lesser diameter of the fossa, 14 mm. ; height of coralliuu,

16.5 mm.
Localities.—Yicksbvirg and Jackson, Mississippi ; Montgomery, Louisiana.

Geologic occurrence.—JacksouiaQ aud Vicksl)urgian stages.

Type.—Collection of the Academy of Natural Sciences, Philadeljjhia.

The large specimen represented by PI. XXII, fig. 9, comes from

Jackson, Mississippi, and is from the collection of Mr. T. H. Aldrich.
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It seems to be cnly a large overgrown specimen of Eudopaclnjs maclurii var.

triangulare.

The following are a few notes on the finer structure of E. maclurii :

The structure of the wall is in all jjartieulars identical with that of

Eupsammia elaborata. The margins of the larger septa are entire; those of

higher (younger) cycles are dentate in their lower portions. The upper

portions of the margins of these septa are entire or obscurely dentate. The

septal faces are minutely striate, with granulations along the courses of the

striae. The septal trabeculoe are fine ; have a line of divergence at the inner

edge of the spongy perforate zone. Interior to the line of divergence the

trabeculse pass upward and inward and are usually directly continuous

across all gi-owth segments until they reach the septal margin. On tlie

outside of the line of divergence the trabeculpe seem first to pass upward

and outward for a short distance, and then to bend into a horizontal position.

Each septal perforation is due to the discontinuity of one or two trabeculje.

In the outer perforate and spongy zone synapticulse are very abundant.

PI. XXI, fig. 16, shows an enlarged view of the surface of a septum, the

outer coating peeled off. The septal structure, etc.. of Endopachys is iden-

tical with that of Rhectopsammia.

Endopachys lonsdalei sp. nov.

PI. XXII, figs. 10 and 10a.

Shape subcuneiform, ventricose, base gently rounded, margins not much

compressed, subparallel to each other. Looked at with the edge toward

one, the corallum slopes gradually from the calicular margin to the base.

The lateral tubercles are not prominent. There are in the upper portion

of the corallum distinct, fine, granular costaj corresponding to all the cycles

of septa; those of the first and second cycles slightly larger. On the

basal portion of the corallum these costae disappear, and the surface is

covered with granules. The wall is thick and vesiculate. The sejital

aiTangement is the same as in E. maclurii. Columella vesiculate. Greater

diameter of calice, 15.5 mm.; lesser diameter of calice, 12.5 mm.; height of

corallum, 13.5 mm.
Localities.—Mouroe County and Cotfbeville, Alabama; Newton, Missis-

sippi; 4J miles east of Newton, Mississippi; Wautubbee Hills, Mississippi

(apparently young of this species).
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Geologic occurrence.—Lowei' Claibome.

Type.—From eolleetidu of T. II. Aldrich in tlie United States National

Mnsenm.

Endopachys shaleri sp. uov.

PI. XXII, flg.s. 11 to 14.

Sliape subeuneate, somewhat compressed, transverse section elliptical;

base subcorneal, usually rounded, occasionally subacute. The surface is

granulate, no costse. The marg-inal wings are A'ory rounded; lateral tuber-

cles not very much elevated, elongated. Wall rather thin, very vesiculate.

Septa in five cycles. Those of the fifth cycle fuse to the sides of the fourth

rather near the corallum wall, the fourth fuse to the third about half way
between the wall and columella. About 20 septa reach the columella. Sides

granulate. Columella vesiculate. Greater transverse diameter of calice,

about 12 mm.; lesser transverse diameter of calice, 6. .5 mm.; height of coral-

lum, 6 mm.
Locality.—Alabama 1

Geologic occurrence. lljOCCne .

Types.—In the Boston Society of Natural History.

I found this little undescribed species of Endopachys labeled "Eocene,

Alabama!" in the collection of the Boston Society of Natural History. I

have seen no other specimens of the species and can not identify its geologic

horizon by the (character of its matrix. I insert the description as that of a

doubtfully Eocene form.

Endopachys minutum sp. nov.

PI. XXII, figs. 15 to 18.

This is a curious little species, and according to strict definition does

not belong to the genus to which it is here referred, but it has a compressed

shape like Endopachys. It shows no signs of attachment, and the tertiary

septa of the fourth cycle fuse in front of those of the third cj^cle.

The shape is difiicult to describe; the figures show it very well. The
corallum is contracted at the calice. There are sometimes indistinct costre,

but the whole external surface is granulate. No tubercles on the faces of

the corallum. Wall thin, perforate, but not very porous. The septa are

an-anged in four cycles; those of the fourth cycle unite in front of the third;
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sides granulate. Columella vesiculate. Greater diameter of calice, 4 mm.;

lesser diameter of calice, 3 mm.; heig-lit of corallum, 4 mm.
Locaities.—Jacksou, Mlssissippi ; near Rosefield, Louisiana.

Geologic occurrence.—Moodys Braucli bcds, Jacksoniau stage.

Types.—Collection of Wagner Free Institute of Science, Philadelphia.

Specimens.—lu thc coUection of T. H. Aldrich.

This species 2>i"esents a noteworthy difference from the other known

representatives of Endopachys, by having no lateral tubercles, but as these

are very variable in the amount of their development in E. maclurii, their

absence does not seem of generic value. A thin cross section of E. minutum

shows no structural difference from E. machirii.

Genus DENDROPHYLLIA de Blainville.

Dendrophyllia striata sp. nov.

PI. XXII, figs. 19 to 19b.

Branched or fascicular (the specimen is not sufficient for one to decide),

compound, reproduction by lateral budding. In the specimen that I have

there is one large corallite, with a circular cross section, and the other coral-

lites, five in number, are grouped irregularly near the base. There are

distinct costse whose general direction is longitudinal ; they are coarse near

the basal portion of the colony, but higher they di\nde into finer costse.

The intercostal furrows are perforate. Wall rather dense, but contains small

vesicles, and is perforate. Septa thin, weak, in four cycles The fourth

cycle fuse at about half the distance from the wall to columella to the sides

of the third. Sides granulate. Columella well developed, but very spongy.

Greater diameter of largest corallite, 7.6 mm.; lesser diameter of largest

corallite, 6.5 mm.; height of specimen, 17.5 mm.
Localities.—Ncar Mount Lebanon, Louisiana; Rayburn's well, sec. 29,

T. 17 N., R. 5 W., Louisiana.

Geologic occurrence.—Lower Claibornc.

Type.—United States National Museum.

Dendrophyllia lisbonensis sp. nov.

PI. XXII, figs. 20 to 20c.

This species belongs to the second group distinguished by Duncan,

\dz, those Dendrophyllise witli the calices forming vertical series. Calices

arranged in rather regular vertical rows, and have a tendency to regular
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spirals. They are elevated about 1.75 to 2 mm.; circular or slightly ellip-

tical in outline, their diameter varies from 2.7 to 3.2 mm.; axis of colony

circular in section ; diameter of axis 7.5 mm. The calices are rather dis-

tant, but occasionally two corallites may almost touch at their bases. The

distance between the bases of corallites is usually slightly more than 1 nnn.;

the whole surface of the colony covered with very minutely granulated

vermicular costte. The costse correspond to all cycles of septa. The inter-

costal furrows very punctate; the wall of the axial polyp thick, dense, but

perforate; the septa in four cycles with the typical arrangement for Den-

drophyllia. They are weak, and have granular surfaces. Columella

spongy.

Localities.—Lisbou, Alabama; T. A. Rumley's, Monroe County, Alabama;

Rayburn's well, sec. 29, T. 17 N., R. 5 W., Louisiana.

Geologic occurrence. LlsboU bcds.

Type.—From collection of T. H. Aldrich in the United States Natural

Museum.

Since the above description was written I have received the collectit)n

made for the Wagner Free Institute of Science by Mr. C. W. Johnson, and

have found in tlie United States National Museum another specimen from

Claiborne, Alabama, Lisbon horizon.

The specimen from Claiborne does not present any great difference

from the figured specimen (PI. XXII, fig. 20). It is a portion of a branch

27.5 mm. long and 7 mm. in diameter. The calices are somewhat more

distant than in the figured specimen, and do not rise perpendicularly from

the intei-corallite surface, but are somewhat inclined toward the distal end of

the Ijraiich.

Specimens from San Augustine, Texas, collected by Johnson, at first

sight look quite diff'erent from those above described, but the difterence con-

sists solely in the greater size of the calices. The largest calice on the

larger specimen has a greater diameter of 5 mm. and a lesser of 4 mm. This

specimen has a length of 37 mm.; diameter of larger end, 12.5 mm., of smaller

end, 1 1 mm. It is somewhat elliptical in cross section. The largest calice in

the other specimen has a greater diameter of 4.5 mm. and a lesser of 4 mm;

while the smallest calice has a greater diameter of slightly less than 3 mm.

This specimen is a piece of a branch 22 mm. long and 9 mm. in diameter.

At the lower end is a small side branch about 6 mm. in diameter at its base.
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The smallest calice, whose measurements have just been given, is situated on

the side branch. It seems to me that the other specimens that I have seen

are pieces of young branches or come from near the tips of branches; and

therefore the specimens and their cahces are small.

The character of the costs, number and arrangement ot septa, an.l

character of the columella are the same in all specimens. It should be

borne in mind that in the larger specimens the costae are necessardy coarser.

All the specimens of the species come fro.n beds of Lower Claiborne age.

Family MADREPORID^ Milne-Edwards and Haime.

Genus DENDKACIS M.-Edw. aud H.

Dbndracis tubulata (Lonsdale).

PI. XXII, tigs. 23 and 24 (reproduced from Lonsdale).

1845. Ma^repora Ucbulata (?) Lonsdale. Quart. Jour. Geol. Soc. Lond., Vol. I, p. 520,

1860. DeJlfac^Mata Milne-Edwards aud Haime. Hist. Xat. des Corall., Vol. Ill,

p. 170.

The following is Lonsdale's original description:

Branched- branches irregularly divergent, cylindrical, slender, composed chiefly

P , Tntuiferous tubes springing from the center and diverging slightly; interme-

':^%^^^^^^^^ 'onrinuous central tube; lamcll. twelve si. very nar^

J^ranclltited in vertical range; surface terminations of tubes small; irregularly

''^^^e^lSHf Srj^; tubulau, ( .) consisted wholly of casts of th« ex^ior

n„d Of the lamella- tubes. The diameter of the branches in no case exceeded three

lil or ?ha Itt unmagnitied ligure (a). The tubes sprang successively from the

axiT'and wholly composed it, the perfect exclusion of a central, continuous tube or

t.r AS thev oradually diverge, they separated, slightly increasing in diameter

am 'i-et the surface trminatioo 'they suddenly bent outward, their relatively grea

'
IrSines'Ind small width producing the scattered distribution of the termxna

r,fs InStt ird's figures the branches have a greater diameter and the casts of

S UrsafecC^The lamelhe through a considerable portion of the tubes were
the stais are ciosei.

,„.o.v,ler the casts of the six narrow commencing about

plates, ami ^ot
structure. The nature of the interspaces between the

iurerwrveryCrf tly exhlbft^ remains being limited to a few filiform

MON XXXIX 13
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surrounded frequently by a circle, and near the terminations of the tubes were, in

some cases, casts of short ribs. The production of additional lamelhe tubes was ai)i)ar-

ently confined to the center.

Locality.—Jacksouboro, Georg-ia.

The figured specimen of" Lonsdale is in the collection of the Geological

Society of London. It lies in a matrix of white, chalky, argillaceon.s lime-

stone, which contains also specimens of Porites {Ocellarid) rnmosa and Cla-

docora recrescens. 1 have never found any specimens of the species, and

am nnable to add to our knowledge of it.

The specific name of this corals is invalid, l)ut as the species is doubt-

ful I have not proposed a new one for it.

Genus TURBINARIA Oken.

TURBINARIA (?) ALABAMENSIS sp. nOV.

PI. XXIII, tigs, i to 3; PI. XXIV.

Corallum massive, the masses may be more than 20 cm. across, and 7

cm. thick, upper surface apparently convex or concave. General appear-

ance of the corallum is as if conn)Osed of superimposed laminae. Calices

shallow ("?), crowded; diameter, 1.5 mm.; distance apart, quite constantlv 1

mm. Ca3nenchyma, of superimposed irregularly perforate laminas. Wall,

perforate. Septa, perforate, in three complete cycles; 12 septa reach the

columella; the members of the third cycles usually fuse by pairs to the

sides of an included septum (the first and second cycles can not be distin-

guished from each other, and therefore it can not be known whether the

septa of the third fuse to the sides of the first or second). Sides granulate.

Pali are probably ])resent, but no detail could be made out. Columella

very well developed, spongy.

Locality.—Salt Mouutaiu, 6 miles south of Jackson, Alabama.

Geologic horizon.—"Coral limestonc," above Yicksburg beds.

Types .—United States National Museum.

I have not been able to decide positively whether this is an Actinacis or

a Turbinaria. It probably belongs to the latter genus.
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Faraily T'O'RITI'DJE Milne-EdAvards and Haime.

Genus PORITES Link.

PoRiTES RAMOSA (Lonsdale).

PI. XXIII, figs. 4 to 6 (fig. 4 reproduced from Londale's figure).

1845. Ocellaria ramosa Lonsdale. Quart. Jour. Geol. Soc. Lond.,VoI. I, p. 510, figured.

(Non Pontes ramosa Catullo, 1856.)

1860. Ocellaria ramosa Milne-Edwards and Haime. Hist. Nat. des Corall., Vol. Ill,

p. 123.

Branched or lobed, fibers coarse, cylindrical or compressed, intimately reticu-

lated; intertibral lacuuie equal in dimension to the fibers; canals numerous, vertical

in center of specimen, horizontal toward the exterior, no definite arrangement; form

more or less circular, no distinct wall ; lower extremity blended with the fibrous struc-

ture, interior sometimes penetrated by converging simple fibers; exterior of specimen

partially invested by a thin rugose layer.

'

Lonsdale considered this coral related to the Cretaceous sponge Ven-

triculites, and wrote considerable about the similarity of the two fossils; his

observations on this I think will not aid much in identifying the species,

so I omit them.

Localities.—.Jacksouboro, Georgia ; Eutaw, South Carolina.

I found some specimens of this species in the collection of the Geo-

logical Society of London, but not the ones figured by Lonsdale. These

specimens came from Jacksonboi'o, Georgia, and are lithologically the same

as the one in the United States National Museum. I could not add any

special detail from the London specimens. Very little can be added from

the one in the United States National Museum. Two drawings from this

specimen are shown in PL XXIII, figs. 5, 6. The whole skeletal structure,

both coenenchyma and septa, are very perforate. The corallites are 2 mm. in

diameter, and are from 2 to 3 mm. apart. There seems to be 10 or 12 septa.

This is about all that can be said concerning the characters of the species.

The matrix is a whitish, rather hard, chalky, argillaceous limestone,

and contains, besides the Porites ramosa, specimens of Cladocora recrescens.

DOUBTFUL SPECIES.

We either have no clue to the proper systematic position of the following

species, or, as in two instances, no descriptions of the species could be

found, or they can not be identified for other reasons.

' Lousdale, loc. cit.
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Flabellum striatum Gabb and 'Horn.

1860. Flabellum striatum Gabh and Horn. Jour. Acad. Nat. Sci. Pbila., 2d ser,, Vol.

IV, p. 39!), pi. Isix, tigs. 10, 11, 11a.

"Thick, wedge-shaped; angle of case acute; laminae thin, edge finely

crenate, slightly undulate; sides coarsely granulous; granules regularly

arranged in striae, toward the edge of the laminae fine."

Locality.—Rottcu Hmestoue of Prairie Blutf, Alabama.

The figures given by Gabb are worthless and the description is entu-ely

insuflicient for specific identification. Tlie types sent me from the Phila-

deljihia Academy of Natural Sciences are only internal casts, and are not

sufiicient for specific characterization, so the species lapses.

Paeacyathus ( ? ) SEERULUS Conrad.

1866. Paracyathvs {?) serrulns Conrad. Check List, p. 2.

1890. Paracyathus {'!) serrulm de Gregorio. Mon. de la Faune ^ocenique de I'Ala.,

p. 256.

This species is referred to by Conrad in his Check List of the Inver-

tebrate Fossils of the Eocene and Oligocene of North America, but I have

been unable to find, either any description or the original types. I searched

in both Philadelphia and Washington for the latter. M. de Gregorio could

not find, any desci'iption of tlie s'lecies. Conrad referred the species to the

Lower or Middle Eocene.

Platytrochus speciosus Gabb and Horn.

1860. Platytrochus speciosus Gabb and Horn. Jour. Acad. Nat. Sci. Phila., 2d ser,,

Vol. IV, p. 399, pi. Ixix, flgs. 15, 16, 17.

"Conical, laminae exsert, denticulate and granulous; exterior coarsely

striate from the continuations of the exsert lamella.' ; striae alternating in

size, coarsely granulous, often denticulate on the edge; depth of cup

exceeding half the length of the mass."

Dimensions.—Leugtli, 0.5 iucli ; brcadth of top, 0.57 inch.

Locality.—Hardcmau County, Tennessee. (Professor Saff"ord.) Gabb

published this as a Cretaceous species, but G. D. Harris has shown that all

of the fossils tliat Gabb received from Hardeman County, Tennessee, are

Midwayau Eocene.^

> Bull. Amer. Paleontology, Vol. I, No. 4, 1896, p. 8.
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TUKBINOLIA INAURIS MortOD.

1834:. TurhinoUa inavris Mortou. Synop. Org. Eem. Cret. Group, p. 81, pi. xv,

fig. 11.

For discussion of this species see page 171.

Trochocyathus sp. de Gregorio.

1890. Trochocyathus sp. de Gregorio. Mon. de la Faune eocenique de I'Ala,, p. 256,

pi. xliv, figs. 10-11.

"Tr. conoideus, curtis, dilatatus, septis erosis, lateribus, extus bifidis.

C'est line esp^ce tr^s douteuse, car je n'en possfede qu'un exemplaire trfes

usd"'

Caryophyllia stjbdichotoma Lonsdale.

PI. XXII, fig. 22 (reproductiou from Lonsdale).

1845. CaryophyUia subdichotoma Lonsdale. Quart. Jour. Geol. See. Lond., "Vol. I,

p. 519, fig.

1860. CaryophyUia subdichotoma Milne-Edwards and Haime. Hist. Nat. des Corall.,

Vol. Ill, p. 123.

The following is Lonsdale's description:

Main stem cylindrical; branches numerous, short, slender, very divergent; outer

wall thin, porous, surface finely ribbed and furrowed; lamella) numerous, unequal,

very irregular near the periphery; center union of lamell*; branches produced by
subdivision of preexisting structures.

The single specimen, a cast, was about an inch in height and 4 lines in diameter,

and consisted of a cylindrical stem (partially removed in the figure) with portions of

three branches. The main stem had been composed of luimerous lamella; partly

united in the center without any distinct structure, and greatly subdivided or reticu-

lated near the circumference. The original wall was apparently very thin except at

the divergence of the branches, and its general porous structure was proved by
transverse filiform i)rocesses, or their fractured extremities on the ridges representing

external furrows. The cast of the outer surlace exhibited also other signs of minute
foramina and reticulations. The branches were essentially composed at their com-

mencement of certain of the lamelhe of the parent steni, iucluding in the principal

example given in the figure some of those which composed the central portion of the

latter. The branches, however, differed from those of true Caryophyllia' in being of

limited dimensions, not ettecting a bifurcation; also in diverging laterally and sud-

denly, and in permitting the main stem to be continued perjiendicularly upward. In

this respect there was an agreement with the Dendrophyllia of De Blainville; but in

that genus the branches are not composed of previously existing lamella', being

developed from germs. The amount of extension outward of the branches was not

shown.
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Locality.—Shell Blufif, Georg'ia.

This is all that we know concerning- this species. It belongs to the

Maclreporaria perforata, and we can not be snre of anything more, though

the coral is probably one of the Eupsanunidje.

Stylophora (!) PEEDUBiA de Gregorio.

PI. XIV, figs. 2 iiiid 2ii.

1890. Slylophiim [1) perduhht de Gregorio. Mon. de la Faune eoc^nique de I'Ala.,

p. 257, pi. xliv, figs. 7-S.

Original description: "St. dendroidea, minuta; polypieritibus con-

fertis, minutis, approximatis; calicibus rotundatis snbpentagonalis."

Translation: "St. dendroid, minute; polypites crowded together,

minute, near each other; calices round subpentagonal."

M. de Gregorio adds: "It is a very doubtful coral, on account of its

having been worn. It appears to me that it has affinity with 67. conferta

Reuss of Castel Gomberto. The rock is the same as that of Cycloseris."

AsTROCCENiA sp, de Gregorio.

PI. XVII, fig. 8.

1890. AslrocanUi .sp. de Gregorio. Mon. de la Fauiie ('ocenique de I'Ala., p. 257, pi.

xliv, fig. 9.

"Duljium exemplar satis erosum, conchas adnatum."

"Dou]>tful specimen much eroded, attached to a shell." (De Gregorio.)

Cycloseris sp. de (rregorio.

1890. Cycloseris sp. de Gregorio. Mon. de la Faune ('oceoiquede I'Ala., j). 257, pi. xliv,

figs. 20-22.

"Cycl. discoidea, nummulitiformis, elegantes radiata tuberculataque."
u * * * Lj^ eouleur grisatre luoutre qu'il ne provient pas de la

meme assise que la Turbinolia faretra Lea."

OsTEODES CYANTHUS Conrad.

1855. Osteodes ci/dutliKu Conrad. Proc. Acad. Nat. Sci. Pbila., Vol. VII, p. 203.

Conrad cites near City Point, ^"irginia, as its locality. After a diligent

seai'ch I have been unable to find any description of the species.
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Madrepora punctulata Conrad.

1847. Madrepora punctulata Conrad. Proc. Acad. Nat. Sci. Phila., Vol. Ill, p. 298.

The origiual description is : "Cyliiidi'ical ramose, with prominent cells;

whole surface ornamented with fine, equal, punctate, impressed lines.

Diameter, one-third. Locality, St. Matthews Parish, Orangeburg, South

Carolina. Vanuxera. A species highly ornamented by the punctate ver-

micular lines. It occurs much larger than the specimen described."

This is all that I have been able to find concerning this species.

Dendrophyllia l^vis Lonsdale.

PI. XXII, fig. 21.

1845. Bendropliyllia lewis Lonsdale. Quart. Jour. Geol. Soc. Loud., Vol. I, p. 516,

figured.

1860. Dendrophyllia Icevis Milne-Edwards and Haime. Hist. Nat. des Corall., Vol. Ill,

p. 123.

Branches with a persistent, central, lamelliform structure, and many lateral

shoots scarcely projecting beyond the thickened surface of the stem ; lamelhi' numer-
ous, unequal, about ten principal plates in the side shoots; cast of the outer surface

generally smooth, sometimes finely ribbed in young branches or near the extremity of

the shoots.

In the specimens of the coral which were examined, the whole of the original

substance bad been removed, and even casts of the central structure were partially

wanting. The most illustrative portion is represented in the woodcut. Of tlie nature

of the thickened matter in which the lateral shoots were originally embedded, no
opinion could be formed, except that it was jirobably very solid or similar to that of

Oculiuic, there being lio vestiges of casts of capillary tubes or of a reticulated struc-

ture, though abundant proofs of the matter having been penetrated by burrowing
animals. The signs of lamella- in transverse sections of the central part were very

faint, but sufficient to show that the broadest were twelve in number, and that the

intermediate ones varied from one to four. The surface of this inner cast was slightly

traversed by lines indicating the vertical range of the broadest lamellie, and by traces

of iri-egularly disposed striie. Between the cast and the base of the side shoots was
an extremely narrow space, proving that there was no structural iuterblending of

lamellie and main stem. The shoots at the inferior termination were obliquely conical,

but they soon attained their full dimensions, so far as could be inferred from the speci-

mens, the greatest diameter being about one tenth of an inch or two-thirds that of the

central cast—a disproportion observable iu recent Dendrophylliie. Their range was
limited also to less than a line. The general outer surface was apparently smooth, but

uneven as in some Oculin;e; and the cast of it bore traces of parasitic Biyozoa, addi-

tional indication to that of the numerous burrowing animals that the polypes had
perished some time previously to the specimen being inclosed in its matrix.

Localities, Wilmington, Shell Bluff.

'

' Lon»Uale, loc. cit.
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This species is known to me only througli the above description and

Lonsdale's accoiiipanying tig-ure, which is here reproduced. The figured

specimen is in the collection of the Geological Society of London; in same

matrix as the Flahellum ctineiforme. The species is based on undeterminable

material, so the species must lapse.

Dendrophyllia ( ?) sp. Lonsdale.

1854. JJendropht/Uia ( ?) sp. Lonsdale. Quart. Jour. Geol. See. Loud., Vol. I, p. 517.

1860. Dendrophyllia ( ?) Milue-Edwards aud Baime. Hist. Nat. des (Jorall.,Vol. Ill,

p. 123.

Several woru casts, possibly fragments of a Deudropliyllia, claimed a notice,

though their generic determination could not be ascertained. They were slightly con-

ical or cylindrical, the lower termination not unfreiiuently preserved, presenting the

same character as that of the lateral shoots of DeiKh-ophyllia Itvi-is. The specimens

had nearly uniform diameter of half an inch at the upper extremity; and the greatest

length was about an inch. The characters of the lamella', so far as they could be

ascertained, agreed with those of l)endro|)hyllia, and in the reticulated structure of

the very partially preserved exterior, as well as in the mode of union with the lamellse,

there are still further agreements. In these particulars a resemblance also with the

Alabama coral Endopachys alatum existed, but in no instance was a trace of a pedicel

detected, nor any indication of a surface which had once been attached.

Localities, Mulberry, Cooper River; Eutaw.'

Genus DENDROPHYLLIA.

1855, Petrophyllia Conrad. Proc. Acad. Nat. Sci. Phila., Vol. VII, p. 206.

" Corallum not cellular, but in layers like the coats of an onion;

branches anastomosing; central axial star having distant septa Ijetween the

lamellfe."

Dendrophyllia ? (Petrophyllia) arkansasensis Conrad.

1855. D. i [Petrophyllia) arlcansasensin Conrad. Proc. Acad. Nat. Sci. Pliila., Vol. VII,

p. 260.

"Corallum minutely granulated, suboval, sides faintly marked with

vermicular lines; calices round, not very prominent, unequall}- distributed,

proximate or remote; lamellas minutely serrate."

Locality.—Wlfitc Rivcr, Arkansas (Professor Thomas).^

' Lonsdale, loc. cit.

2 Felix, in the Zeitscbr. Deutsch. geol. Gesell., Vol. XXXVII, 1885, pp. 397-100, proposes the

generic name "Petrophyllia" for Motilliraidtia i/vumi CatuUo S|i. of Kouss aud d'Achiardi, from Monte

Griimi, Jlontecchio Maggiore, vtv., Italy. As tlin name Petrophyllia had been previously used by

Conrad for a different genus of corals, " Petrophyllia " Felix must be replaced by another name.
' Courad, loc. cit.
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Conrad published no figure of this species, and I was unable to find the
type either in Philadelphia or Washington. I have seen no specimen that
could be referred to the species.

POEiTES sp. Lonsdale.

1845. Porites Lonsdale. Quart. Jour. Geol. Soc. Lend., Vol. I, p. 522.

Only the casts of a few terminal stars of this coral were examined; and they did
not permit a comparison with published tertiary species or the establishment of defi-
nite characters. The casts showed that the stars were slightly concave and in close
contact with a perfect structural blending at the lines of junction, and that the num-
ber of interrupted lamella- in the best defined cases did not exceed twelve.

Locality, Jacksonboro, Georgia.
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PLATE I .

Struoturk op the Coral Skeleton.

Fig. 1. Diagraniraatic representation of Mussa coialluni and soft parts, to show the relations between

hard and soft parts (after Ogilvie). The heavy black line represents the boundaries of the

flesh ; o., oral body-wall ; a., aboral body-wall ; e., edge zone (Randplatte) ; s., septum ; c,

costa; ps. th., psendotheoa ; i. s. 1., interseptal loeulus ; i. c. 1., intercostal loculus
;
ep., ejii-

theca ; d., dissepiments, (lig. about natural size).

Fig. 2. .Septnm o{ Manicina areoJata (L.). Section parallel to tlatsurfacc, X 5. l.d.,line of divergence

of the trabeculir ; tr., trabecuhc ; l.f., lineof fusion of trabecuhn ; ep., epitheca.

Fig. 3. Cross section of septa and wall of Manicina areohitu (Linna'us), X 17. tr., trabeeuhi'
;
ps. th.,

pscndotheca ; d., dissepiment.

Fig. 4. Section iiarallel to flat surface of septum of AiitiU'in ponderosa (Duncan). X 5. tr., trabecuhe.

Fig. 5. Section parallel to flat surface of septum of 7?«smi;irt Itiorri Milne-Edwards and Haime, X 18.

Fig. oa. Section parallel to flat surface of septum of EiiamiVta Inorri Milne-Edwards and Haime. Three

trabeculie magnified about 175 times.

Fig. 1, copy by Miss Frances Wieser; other drawings by Dr. J. C. McConnell.
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PLATE IT.

Structure of the Gorai. Skeleton: Grai'iiularia pi'.rplexa.

Fig. 1. Cross section of two sept:i of Siderastrea sji. (aftiT Ogilvic) ; syn., true syuaiiticiila; ps. syii.,

liseudosyuapticiila; cc, synapticular coalescence of sejita.

Fi(i. 2. Cross section of septa and wall of liiismUia Iciiorri Milne-Edwards and Ilaime, x 18, to sliow

pseudotlipca.

Fig. 3. Crtiss section of septa and wall of i'ariiophtjUia curntiformis, to sliow psiiedotlieca, x 19-

FlG. 4. Cross section of septa and wall of Cdri/opliyllia comniiiiiix, to show eutUeca, X about 24.

Fig. 5. Cross section of septa and wall of Oculina diffusa Lamarck, to show eutbeca, X 17.

Fig. 6. Cross section of two se)>ta of Tliystiniis excciitiicits Duncan, x 18. Dissepiment shows lino of

fusion between the two parts.

Figs. 7, 7a. 7b, 8, 8a., 8b, draphnlaria perpJexa (de Gregorio) (after d(^ Gregorio). The smaller fignres,

7 and 8, natural size. (See p. 56.)

Fig. 1, cojiy by Miss Frances Wleser; other drawings by Dr. J. C. McCounell.
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PLATE III.

Flabellum.
Page.

Figs. 1 to 4. Flabellum conoideum sp. nov 56

Fig. 1, upright view of a specimen, X If; fig. la, calicular view of the same, x 2;

IVAvJ.vi- fig. 2, a more slender specimen, x IJ; fig. 3, cross section of a rather young speei-

I

men, X 3; fig. 4, cross section of an older sjiecimen, X 3. Figs. 3 and 4 show that

the members of the higher cycles of septa first appear near the ends of the longer

transverse axis of the calice.

Figs. 5 to 6a. Fluhellii'in conoideum var. matthewscnsc \ar. nov 58

Figs. 5 and 5a, two views of the same speiimen ; figs. 6 and 6a also two views of the

same specimen. All figures natural size.

Figs. 7 to 7b. Flabellum joknaoni sp. nov.. 59

All figures drawn from the same specimen. Figs. 7 and 7a, two upright views, natu-

V ral size; fig 7b, calicular view enlarged twice.

Figs. 8 to 9a. Flabellum lerchi sp. nov 59

Fig. 8, upright view, x '21; fig. 9, upright view of another specimen, X IJ; fig. 9a,

calicular view of the same specimen, x 2i.

Fig. 10. Flabellum cuneiformc Lonsdale 60

; Natural size, dr.awu from a rubbersqneezeof one of Lonsdale's original specimens in

the Geological Society of Loudon.

Fig. 11. Flabellum euneiforme \aT. paeln/jthyllum Ga,hh mid Horn 62

Height of specimen 27 mm.
Fig. 12. Flabellum cuneiforme Lonsdale 60

Specimen from Claiborne, Alabama, X Ij-

Figs. 13 to 18. Flabellum eunciforme var, pachyphjillum Gabb and Horn 62

Fig. 13, a typical specimen, height 23 mm.; tJie other figs, show variation; fig. 18

might be referred to the var. acutiforme: figs. 14, 15, 16, and 18, natural size; fig.

17, height of specimen 21 mm.
Figs. 19 and 20. Flabellum enneiforme var. acutiforme var. nov 63

Fig. 19, ^ natural size ; fig. 20, natural size.

Fig. 21. Flabellum cuneiforme var. fragile var. nov 63

Fig. natural size.

Figs. 22 to 23a. Flabellum cuneiforme var. u-ailesi Conrad 64

Fig. 22, an internal cast from Eutaw, .South Carolina, natural size; fig. 23, a typical

specimen from .lacksou, Mississippi,
f,
natural size; fig. 23a, surface of preceding

specimen stri])ped of epitheea, enlarged.

Figs. 1, 2, 8, 12, 19, 23, and 23a drawn by J. Henry Blake; tigs. 11, 13. and 17 by Hunter Harris;

others by Dr. J. C. McConnell.
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PLATE lY.

Flabellum, Aldriohia, Platytrochxts.
Page.

Figs. 1 to 3a. Flahellinn ciineijorme var. wailcsi C'ourad 64

'^ .
,/

Figs. 1 and 2 normal, but larije, specimens; figs. 3 and 3a, a small conical form, refer-

able to this variety. All figures natural size.

Figs. 4 and 4a. Flabellum cuneiforme var. magnomslaliim var. nov 65

Two views of the same specimen, both natural size.

Figs. ."> and 6. Flabellum remondianiim Gabb r 67

Fig. 5, view of flatter side of specimen ; cross section of another specimen.

Figs. 7 to 10. Flabrlliim mortoui sp. nov 66

Figs. 7, 8, and 9, views of three specimens, all natural size ; fig. 8a, surface of speci-

men enlarged to show alternation of cost* and septa; fig. 10, cross section of a

corallum, magnified slightly more than four times, to show septal arrangement.

Figs. 11 to 12. Flabellum californicum sp. nov 69

All figures natural size.

Figs. 13 to 14. Flabellum rlioniboUleiim sp. nov 69

Fig. 13, upright view, X li; fig. 13a, small portion of surface enlarged; fig. 13b,

another view of the same specimen, x lA ; fig. 13c, calicular view, x about 2;

fig. 14, longitudinal section of a corallum, x 2.

Figs. 15 to 19, Aldrichia eleyans gen. et. sp. nov 70

Figs. 15 and 18, upright views of two specimens, Hatter side toward the observer,

X 3; figs. 16 and 17, upright views of two speciuieus, enlarged slightly more than

four times; fig, 19, longitudinal section of a corallum, enlarged about ten times;

fig. 17a, calicular view of specimen represente<l by fig. 17, X 8.

Figs. 20 to 24, I'lati/troclius stokesi (Lea) 74

Figs. 20 to 23, upright views of specimens, as seen looking at sides ; figs, 20 and 22,

X 3; fig, 21, X 4|; fig, 23, x 31; fig, 23a, costa' of specimen represented by fig,

23, X 8; fig, 24, longitudinal section of a corallum, showing the structure of the

columella, etc,, x 6,

I'igs. 5 and 6 drawn liy II. Chadwick Hunter; fig. 21 by .1. Henry Blake; all others by Dr. J.

C. McConnell.
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PLATE V.

Platytroohus, Discotkochus, Sphenotrochus.
Page.

Figs. 1 and la. I'latiitrochiia stolrsi (Lea) 74

Copies of figures published by Milne-Edwards and Haime.

Figs. 2 to 7. I'latytroch lis (/oldfussi (Lea) 76

Figs. 2 to 5, upright views of four specimens, all x 3; fig. 2a, calicular view of

specimen represented by fig. 2; fig. 6, copy of fig. published by Milue-Ed wards

and Haime; fig. 7, similar view of a specimeu, x 5. The specimens represented

by figs. 2 aud 7 may be regarded as typical.

Fid. 8. Cross section of septa and wall of I'latytroclius stokesi (Lea), x about 27 74

Flos. 9 to 12. PlatytrocliHS claihornensis de Gregorio . 77

Figs. 9 and 9a, copies of de Gregorio's original figures. Figs. 10 and 10a, X 4^; fig.

H, X 3 ; fig. 12, X 5.

Figs. 13 to 19b. Discotrochus orbif/nianus Milne-Edwards and Haime 79

Figs. 13 and 13a, copies of the original figures of Milne-Edwards and Haime. The
septal arrangement in fig. 13 is not correct. Figs. 14 to 16a, two views each of

three young specimens, i. e., an upper view and a side or profile view, x 2i;

fig. 17, outline of an adult specimen as seen from above, X about 3| ; fig. 18, a

few septa of the same specimen, as seen from above, somewhat more carefully

drawn; fig. 19, longitudinal section of a corallnm, X about 'i; fig. 19a, septal face

and columella of the same specimen more enlarged; fig. 19b, portion of the .septal

margin drawn in outline, much enlarged, to show the crenate character.

Figs. 20 to 24. Spheiwti-ochus nanus (Lea) 80

Figs. 20 and 20a drawn from Lea's type in the Philadelphia Academy of Natural

Sciences; fig. 20, x 5; fig. 20a, x 10; fig. 21, x 3; fig. 21a, calicular view of the

same, x between 5 and 6; fig. 22, a large specimen, X 3, which might be Sp. clai-

hornensis sp. nov. ; figs. 23 and 24, longitudinal sections of two coralla, x 10.

Figs. 7, 12, 17, 20, and 20a drawn by J. Henry Blake; all others by Dr. J. C. McConnell.
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PLAT E V I.

Sphenotbochus, Turbinolia, Trochocyathus.
Page.

Figs. 1 to 3a. Sphenolrochiis claiboniensis sp. nov 85

Figs. 1 and ,S, x 3; lig. 2, X 3^; fig. 2a. caliee of specimen represented by fig. 2, x 5.

Fig. 4. TiirlrinoUa sulcata Lamarck 87

Type species of the genus ; longitudinal section to show flat surface of septa, x 5.

Figs. 5 to 10. Turbinolia pharetra Lea 86

Fig. 5, longitudinal section of a corallum, x 5; fig. 6, upright view of a specimen,

X 5 ; fig. 6a, costa^ and intercostal spaces of the same specimen, more enlarged

;

fig. 6b, calicular view of the same specimen, enlarged almost 12 times; fig. 7, X 5;

tig. 8, X 4; fig. 8.a, caliee of anotlier specimen, X 6; fig. 9, a large robust variety

from Texas, X 3J; lig. 10, longitudinal tangential section of a corallum, X 5; fig.

10a, a portion of a septum more enlarged to show the nodose character.

Figs. 11 to 12. Turiinolia wautuhheensis sp. nov 88

Fig. 11, natural size; fig. 11a, same view, x 3; fig. lib, calicular view, x about 3;

fig. 12, longitudinal section of a specimen, x 5, to show ornamentation of flat sur-

faces of septa.

Figs. 13 to 13b. Turbinolia acuticostata Vauglian 89

Fig. 13, upright view, x 4; fig. 13a, calicular view, caliee broken, x about 6; fig.

13b, costa' of another specimen, to show creuate character of the costal edges.

Figs. 14 to 16b. Turbinolia claibornensis sp. nov 90

Fig. 14, upright view of a large specimen (in United States National Museum), x 2;

fig. 14a, calicular view of the same, x4; fig. 15, longitudinal section of a corallum,

X 5, to show ornamentation of flat surface of septum; fig. 16 to 161), three views

of the same, specimen (from T. H. Aldrich'a collection), all X about 5.

Figs. 17 to 18. Turbinolia iusignijica sp. nov 91

Fig. 17, upright view of a specimen, x about 4; fig. 17a, caliee of the same, x 11;

fig. 18, X about 4.

Figs. 19 to 21. Trochocnatlms hyaiti sp. nov 93

Fig. 19, upright view, x 1|; fig. 20, part of a calicular view, enlarged to show
arrangement of pali and septa, the fourth cycle of sept.a is not shown between
the primaries ; fig. 21, upright view of a specimen, x 3^; tig. 22, section through
wall, shows an apparent euthcca, X 8^.

Figs. 6, 6b, and 21 drawn by J. Henry Blake; fig. 6a by Hunter Harris: all others by Dr. .7. C.

McConnell.
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PLATE yil.

Trochocyathus.
Page.

Fig. 1. Crosssection of wall of Tro(7ioci/a;/iH.s /iy((//i sp. iiov., x 23. to show apparent pseudotheca. 93

Figs. 2 to 9. Trochocyatlimt Iiiniilitiformis (Coiinul) 94

Fig. 2, side vii-w of a typical specimen, X 3J; flg. 3, costal ends of septa, magnified;

fig. 4, side of septum, to show arrangement of granules, etc., X 8J^; figs. 5 to 8,

Tr. luniilitiformis var. montt/omcrknsis var. nov., p. 94; fig. 5, side view, X 3i;

fig. 6, costal ends of septa, enlarged ; tig. 7, calicular view, x 3; tig. 8, a few septa

and pali diagramniatically represented; fig. 9, section through the wall, showing

pseudotheca and jisendosynapticular junction of some septa, X 18.

Figs. 10 to 13. Trochociiathns oaJifortiianus sp. nov 96

Fig. 10, npright view of a specimen, x 3; fig. 11, base of same specimen, x 3; fig. 12,

view of base of another specimen, x 3; fig. 13, npright view of the same speci-

men, X 3.

Figs. 14 to 17. Trochocyathus depressus sp. nov 97

Fig. 14, upright view; fig. 14a, view of base of the same specimen, natural size;

fig. 15, calicular view of a fragmentary specimen, x 3; fig. 16, side of a septum of

another specimen, X 3i; fig, 17, costa' of specimens represented by fig. 14, X 2|.

Figs, 18 and 18a. Trochoci/dthtis stantoiii sp. nov 98

Fig. 18, ni)right view of specimen; fig. 18a, view of base of the same, X about IJ.

Figs. 19 to 19b. Trochocyathus c\»<iiilatus sp. uov 99

Fig. 19, npright view of sijecimen; fig. 19b, calicular view of same, both X 2;

fig. 19a, co.sta' enlarged.

Figs. 20 to 23. Trochocyathus chirlccanus (Vanghan) 100

Fig. 20, X 3J; fig. 20a, calicular view of the same, X 3^; figs. 21 to 23, three speci-

mens, X 2.

Fig. 24. Trochocyathus striatus (Gabb) 101

Fig. natural size.

Figs. 2, 5, and 20 drawn l)y ,T. Henry Blake; all others by Dr. .1. C. McCounell.
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PLATE V 1 1 T .

Tbochocyathus, Paracyathus.
Page.

Figs. 1 to 3. Trochoci/athiis siriatufi (Gabb) 101
Fig. 1, general view of a specimen, natural size; tig. 2, costie magnitiod; fig. 3, cross

section of a coralluni, X 3|.

Figs, i to 7. Trockocyalhita zitteli Merriam 102
Figs. 4 and 4a, two views of the same specimen, natural size; fig. 5, costie of a speci-
men, enlarged: fig. 6 and 6a, two views of the same specimen, natural size; fig.

7, portion of a cross section of a coralhuu, x 3|.

Figs. 8 to 10. Trochoci/atlius conoides (Gabb and Horn) 103
Figs. 8 and Sa, two views of the same specimen, natural size; fig. 9. portion of
e.xternal surface, much enlarged; fig. 10, portion of a cross section of a coralhim,

X 3Jt.

Figs. 11 to 14b. raracyuihuK allematns sp. nov 10,5

Fig. 11, upright view of a corallum, X 3J; fig. 11a, longitudinal section of a coralhim
to show fiat surface of septa, pali, colunjella, etc., X 5; fig. 12, specimen with
prominent costa\ X 2 ; fig. 13, small, low form, X U ; fig. loa, eost;e of the preceding

;

fig. 14, large form with expanded base and rounded cost:e, X IS; fig. 14a, costa' of
the same, x 3^-: fig. 14b, calicnlar view of the same, X IJ.

Figs. 15 to 15b. I'araojathus i/ranulonus sp. uov 107
Fig. 15, general upright view, x 2; fig. 15a, cosfce of the same, enlarged about 4

times; fig. 15b, calicular view of the same, X about 3.

Flos. Hi to 20. Paracyathna heUits sp. nov lOg
Figs. 16 to 19, upright views of four specimens to show variation; fig. 16, height 12

mm.; fig. 17, height 8.75 mm.; fig. 18, height 5.5 mm.; fig. 19, height 3.5 mm.;
fig. 19a, costa; of the last specimen more enlarged; fig. 191i, calicular view of the
same specimen; fig. 20, longitudinal section of a coralhim to show ornamentation
of septal face, x 5.

Figs. 21 to 21b. Paracyathus rugosua sp. nov 109
Fig. 21, general upright view, natural size; fig. 21a, cost;e of the same specimen,
eularged; fig. 21b, calice of the same, enlarged about 5 times.

Figs. 11 anil 11a drawn by ,J. Henry Blake; all others by Dr. .1. C. JlcConnell.
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PLATE IX.

Pabacyathus, Oaryophtllia, Steriphonotbochus, Parasmilia, Astbohelia.

Page.

Figs. 1 to lb. Paracyathus cylindricus sp. nov 109

Fig. 1, general upright view, x 2; fig. la, costa- magnified, profile above; fig. lb,

calicular view, x about 4.

Figs. 2 to 2c. CaryophyUia daUi sp. nov 110

Fig. 2, general upright view, X If; fig. 2a, costte, x 3 ; fig. 2b, septa and pali, portion

^ of the calicular view; fig. 2c, two septa as seen in profile, drawn to show denta-

tions on smaller septum.

Figs. 3 and 4. CaryophyUia iexana sp. nov Ill

j^ Two specimens, figures natural size.

Figs. 5 to 5d. Steriplionotroclius pulcker gen. et sp. nov 112

Fig. 5, general upright view, natural size; fig. 5a, cost.t, enlarged; fig. 5b, looking

f'^j^
- into calice from side; fig. 5c, septal margins, enlarged; fig. 5d, calicular view,

slightly more than untural size.

Figs. 6 to 13. Parasmilia liidoviciava sp. nov 113

Figs. 6,7, and 10, upright views of three specimens; figs. (J and 10, natural size; tig. 7,

X IJ; fig. 8, looking into calice of a specimen from tlje side to show tooth-like

dentations on inner ends of septa, X 2; fig. 9, a similar view of another specimen

—

-1 • most of the septa have entire margins, some septa have a dentation on the mar-

gins; fig. 11, longitudinal section of a corallum, x 2, to show dissepiments (d.) ; fig.

12, a septum of specimen represented by fig. 6, drawn in profile to show a paliform

tooth on the inner termination of the septum ; fig. 13, calicular view of a speci-

men, X 3.

Figs. 14 to 15. Astrohelia neglectaaip. nov 114

Figs. 14 and 15, general views of two specimens, natural size; fig. 14a, a calice of

the specimen represented by fig. 14, x 3J^.

Figs. 2 and 7 drawn by J. Henry Blake; all others by Dr. J. C. McConnell.
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PLATE X.

OCULINA, ASTROHELIA.
Page.

Figs. 1 to 2a. Ociilina singlci/i sp. iiov 120

A A.I Figs. 1 and 2, two specimens, natural size; fig. la, a calice Iroui specimen shown by
^ fig. 1, and fig. 2a a calice from specimen by fig. 2, both x 3J.

FiGSj_3 to 3b. Aairohelia biirnsi sp. nov 115

-^ Figs. 3 and 3a, views of two specimens, both natural size; fig. 3b, a calice, x 3i.

Figs. 4 to 10. OciiUna vicksbtirgeyisis (Conrad i 116

Fig. 4, a specimen, natural size, from the Philadelphia Academy of Natural

Sciences, and probably Conrad's type; fig. 4a, a calice, X 3J; fig. 5, one of the

types of Milne-Edwards and Hairae's .UtroheHa Icsueuri, in the Musc-nm d'Histoire

V Naturelle, Paris, length of specimen 49 mm.; fig. 5a, a calice enlarged, diameter

4 mm.; figs. Gaud (5a, copies of Milne-Edwards and Haimc's original figures of

Aatrohelia lesiieuri; fig. 7, general view, 5 natural size; figs. 8, 9, and 10, gen-

eral views of specimens, natural size; fig. 8a, a calice from specimen represented

by fig. 8, X 3i.

Fig. 7 drawn by ,1. Henry Blake; all others by Ur. J. C. McCounell.
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PLATE XI.

OcuLiNA MississipPiENSis (Oonrad).

(Page 118.)

Figs. 1 and la. From Conrad's typo in the Philadelphia Academy of Natural Sciences. Fig. 1, general

view, natural size; tig la, calice, X 3^.

Fig. 2. Another specimen in the Philadelphia Academy of Natural Sciences, natural size.

Figs. 3 to 7. A series showing variation, natural size.

Figs. 8 to 10. Drawn from photographs of Milne-Edwards and Haime's types of Oculina americana in

the Musium d'Histoire Naturelle, Paris. Fig. 8, length of specimen, 89 mm.; fig.

9, length of specimen, 28 mm. ; tig. 10, diameter of calice, 4 mm.
Fig. 11. A specimen with almost sunken calices, natural size. Fig. 11a, calice, X3J.
Fig. 12. A specimen with prominent calices, natural size; fig. 12a, outside of two corallites enlarged;

fig. 12b, calice, X 3.

All figures drawn by Dr. J. C. McConnell.

[The title at bottom of the facing plate should read Oculina missisaippiensis instead of "Oculina vicksburgensis."]
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PLATE XI T.

OCULINA, Amphihelia, Cceloqelia.
PagR

Figs. 1 to 3a. Oculina ningleyi sp. nov 120

Figs. 1, 2, and 3, geueial views of three specimens, natural size; fig. 2a, calice,

X 3J; fig. 2b, cost:r around upper outer edge of corallite, x 3J; fig. 3a, a calice

of specimen represented by Hg. 3, x 3J.

Figs. 4 to 7. Oculhin alahameiisis sp'. nov 121

Figs. 4, 5, (), and 7, general views of four specimens, figs, slightly larger than natural

size; fig. 5a, costa' of a corallite of specimen represented by fig. 5 enlarged; fig.

6a, a calice of specimen represented by fig. G, X about 4.

Figs. 8 and 8a. Ociilina aldriehi sji. nov 123

Fig. 8, gineral view, natural size; fig. 8a, calice, X 3i-

Figs. 9 and tta. Oculina harrisi sp. nov 122

Fig. 9, general view, natural size; fig. 9a, calice, x 3|.

Figs. 10 to 11. Oculina (?) smi</ii ,sp. nov 123

Figs. 10 and U, general views of two .specimens, natural size; fig. 10a, a calico of

specimen represented by tig. 10, x about 8—the septa are broken off in the upper

portion of the corallite cavity.

Figs. 12 to 18. Amphihelia natchitnvhensis sp. nov 124

Figs. 12 to 16, geueral views of five specimeus; figs. 12 to 1.5, enlarged about U; fig.

16, natural size; fig. 17, a calice of specimen represented by fig. 13, X 5^ ; fig. 18,

longitudinal section of a corallite, X 5.

Figs. 19 to 19b. Ciclohelia n-iKjncriana gen. et sp. uov 125

Figs. 19 and 19a, two views of the same specimen, natural size; fig. 19b, a calice of

the same, x about 7.

All figures diawuby Dr. .1. C. McConnell.
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PLATE XIII.

Madracis, Stylophora.
Page.

Figs. 1 to 7. Aladrach ganei sp. nov 128
Figs. 1, 2, 3, general views, natural size; figs. 4, a, 6, caliees magnified; fig. 4 shows
a surface with granular ornamentation; in fif?. 5 the surface markings tend to be
in striii" fig. 6. the septa are somewhat broken, and the columella has the gen-
eral appearance of being false ; fig. 7, cross section of a branch, natural size.

Figs. 8 to 11. Madracin Johnson i sp. nov 129
Fig. 8, a large, fine specimen, natural size; fig. 9, a small branch, natural size;

fig. 9a, outline of cross section of this small branch; figs. 10 and 11, calices,

enlarged.

Figs. 12 and 12a. Madracis gre<iorwi sp. nov 130
Fig. 12, a general view of the corallum, natural size; fig. 12a, calices enlarged.

Figs. 13 to 15. Stj/lophora mituilissima sp. nov 131
Fig. 13, general view of corallum, natural size; fig. 14, a calice, x 7; fig. 15, several

calices, x 7, also shows surface ornamentation.
. iG. 16. Stylophora )ioiiderosa sp. nov 132

Section through cii'uenchyma, parallel to the lougitudinal axes of the corallites,

X 10.

All figures drawn by Dr. .1. C. McConnell.
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platp: XIV.

Stylophora, Astrangia.
Pa^e.

Figs. 1 to lb. Sti/Iophora pondernsa sp. nov 132

Fig. 1, a general view of a specimen, natural size; fig. la, some corallites seen in

cross section, X 5; fig. lb, to show structure of ciBneuchyma as seen on weathered

surface, X 5.

Figs. 2 and 2a. Slijlophora perduhia de Gregorio (sedis incerta) 198

Smaller figure, natural size.

Figs. 3 to 5. Astraiiipa cxpansa sp. nov 133

Fig. 3, specimen attached to a valve of Barbatia ciiciiUoidvs (Conrad), natural size;

fig. 3a, the same enlarged to show expanded base; fig. 3b, calice of central coral-

lite, X 5; figs. 4 and f), two other snecimens. natural size.

Figs. 6 to 7. Astrangia Itulorhiana sp. nov 135

Figs. 6 and 7, two colonies, natural size; fig. 6a, calice of specimen represented by

fig. 6, X 5.

FuiS. 8 to 10a. Astrangia harrisi ap. nov 136

Figs. 8, 9, and 10, general views of three specimens, natural size ; fig. 10a, the largest

calice on specimen represented by fig. 10, X 2.

Figs. 11 and 11a. Astrangia wilcoxensis sp. nov 137

Fig. 11, general view of a colony, natural size; fig. 11a. calice, X 2i.

All figuri'S drawn by Dr. .1. C. McCounell.
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PLATE XV.

Cladocoua, Dichoccenia, Favia, Haimesiastr^ea.
Page.

Fld.s. 1 to 3. Cladocora recrescciis Loiisdiile 138

Fig. 1, copy of Lonsdale's original iigure ; iig. 2, iliawii from a cast in limestone from

.Tacksonburo, Georgia; fig. 3, drawn from a rubljer sqneeze made from the cast.

All tignres natnral size.

FliiS. i to Jc. IJieliomiiia aiahamiiisis sj]. iiov 139

Fig. 4, general view ol the corailnni, natural size; lig. la, calices, X about 4; Iig.

41i, thin section through several corallites, X 3i; fig. 4c, longitudinal section ot

corallitc, x 2.

Figs. 5 to 5e. Favia inerriami sp. uov 142

Fig. 5, general view of corallnm, natural size; fig. 5a, calice, x 2A; fig. 5b, cross

section of corallite, X about 7J; fig. 5c, oblique longitudinal section of a eorallite

to show dissepiments, x 3J.

Figs. 6 to 0. T^atmcsiasfrda con/er(a gen. et sp. nov 143

Fig. 6, several calices, X 63 ; fig. 7, cross section of a branch, x ft; fig. 8, cross sec-

tion of a corallite, x 8|; iig. 9, longitudinal section of a corallite, x 8J.

Figs. 6, 7, 8, and 9 drawn by J. Henry Blake; all others by Dr. J. C. McConnell.
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PLATE XVI.

HAIMESIASTKiEA CONFERTA gei!. et Sp. nov.

(Page 143.)

Fig. 1. A cor.Tllimi from Greggs Landing, Alabama, natural size. This specimen is designated as tlie

type of tlie species.

Fig. 2. Cross section of a corallite, X 7|, sbows tlie mode of formation of the false columella.

Fig. 3. Section through wall of corallite, x 37, showing apparent true thecal centers of calcification.

Fig. 4. Longitudinal section of a corallite, x 5, showing lateral orn.amentation of septa.

Fig. 5. Thin section parallel to flat surface of septum, x 60, showing trabecuhc ; fig. oa, a portion

of the same section more highly magnified; the calcification centers are too diagramatically

represented.

Fig. 0. A cross section, slightly oblique, of a septum, x 60.

Fig. 7. A large specimen, referred to this species, from Woods Blufl', Alabama; figure, natural size;

fig. 7a, several calices, X 3^.

All figures drawn by Dr. J. C. McConuell.
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PLATE XVII.

Haimesiastrjea, Astroc(knia, Platyccenia, Stephanoccenia.
rage.

Figs. 1 to 6. Ihiimesiastraa 2>etrosa (Gabb) 146

All figures from Gabb's type material in the collection of tbe University of Cali-

fornia, Berkeley, California. Fig. 1, a small specimen, natural size; fig. 2, a calice,

X 6, the ujiiier margins of tbe septa broken otf, showing the false columella; fig.

3, a perfect calice, X 6, showing the septal margins meeting in the axial space;

fig. 4, an oblicine longitudinal section of acor.nllite, x -0, showing the nodular char-

acter of the septa, dissepiments, etc. ; fig. 5, cross section of a corallite, X 20, show-

ing pseudotheca and false columella; fig. 6, general view of a rather large mass,

natural size.

Figs. 7 and 7a. Aslroco nia piimpelhji sp. nov 149

Fig. 7, general view of the coralluni, natural size; fig. 7a, calices, x 5.

Fig. 8. Jsd-octrnia sp. dub.de Gregorio (after de Gregorio) ]98

Figs. 9 to 9c. Platycn nUiJacli'sonensis gen. et sp. nov 150

Fig. 9, profile view, x ft; fig. 9a, longitudinal section of corallite, x Gj; fig. 9b, view

of coralluni from above, natural size; fig. 9c, calices seen from above, X about 4.

Figs. 10 and 10a. Slephanocucniafairhanlsi var. columnai-is var. nov 151

Fig. 10, general view, natural size; fig. 10a, calice, x about 4.

Figs. 11 and 11a. Stcpliavocirniafairhanlsi sp. nov 151

Fig. 11, general view, natural size; fig. 11a, calice, x about 4.

All figures drawn by Dr. J. C. McConnell, except figs. 9 and 9a, which were drawn by .J. Henry

. Blake.
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PLATE XVITI.

SiDERASTBRA, STEPIIANOMORPHA, MESOMORPHA, BALANOPHYLLIA.

Figs. 1 to 4. Siderasirea hejaijunalis sp. uov 155

Fig, 1, profili! view of eorallum, X {' ; fig. 2, i-oralluin, viewed from above, natural

size; fig. 3, several caliccs, X 3J^, detail not precisely correct; fig. 4, portion of

wall and some septa, X 8|, drawn very carefully, to show character of wall and

di.stribution of synapticuhe. All figures from the same specimen.

Figs. 5 to 7. Slephanomorpha monticnliformis gen. et sp. uov 156

Fig. 5, general view of eorallum from side, X % ; fig. 5a, several calices, x 3J ; fig. 6,

view of a intercorallite area (same specimen), X 5, to show synapticulaj between

costiK ; fig. 7, longitudinal section, X 6, to show synapticulse between costa;.

Figs. 8 to 10. Mesomorpha dnncani sp. nov 159

Fig. ,s, profile view of eorallum, Xfj Ag- 8a, view of eorallum from above, natural

size; tig. 8b, several calices, X 2i, shows confluent septo-cost;e ; fig. 8c, one calice,

X 5, very carefully drawn to show distribution of synapticuhe; fig. 9, general

view of another specimen, natural size; tig. 10, flat surface of two septa, X 6, the

cross marks the delimitation between adjacent calices. This figure shows the

iuiperfiirato character of the septa and the lirokcn ends of thesynaptieirLe. From

the arrangement of the latter, the trabecular constitution can lie inferred. The

trabecuhe. at the line of fusion between adjacent calices are vertical, but toward

the inner terminations of the septa they have a slight, though not great, inclina-

tion inward.

Figs. 11 to 13a. lialanophylUa desmopliiillum ilihio-Ed\\an\>i and Haime 164

Figs. 11 and 12, upright views of two specimens, natural size; fig. 12a, costse

enlarged; fig. 12b^ portion of calice to show septal arrangement, X3; fig. 13,

upright view of specimen, X2i; fig. 13a, transverse outline, X J.

Figs. 1, 3, r>, 5a, 8, 8b, and 13 drawn by ,1. Henry Blake; all othei's by Dr. .T. C. McConnell.

244



U. S. GEOLOGICAL SURVEY MONOGRAPH XXXIX PL. XVIII

ff>"'fi'//4# '^^'^\\\WV/7\

>^

:ii)'W^
.vVCi-.

^

^ * rd

SIDERASTR/EA, STEPHANOMORPHA, MESOMORPHA, BALANOPHYLLIA





PLATE XIX.

245



PLATE XIX.

Balanophyllia.
Page.

Figs. 1 to 3c.. BalanophyUia desmophyllum var. micrvcosiata var. nov 166

Figs. 1 anil 2, upright views of two specimens, X 2i ; fig. 3, upright view of another

specimen, natural size; fig. 3a, costai of the same enlurgeil ; lig. 3b, two costa?,

more enlarged, with profile above; tig. 3c, cross .section, showing septal arrange-

ment, X 2.

Figs. 4 to 6. BalanophyUia irrorata (Conrad) 167

Fig. 4, ni>right view of Conrad's type in the Philadelphia Academy of Natural

Scieni'es, x f ; fig. 4a, transverse outline of the same, x ^ : fig. .">, upright view of

a typical specimen, natural size; fig. 5a, transverse section of the same, showing

septal arrangement, X slightly more than twice; fig. 5b, cost:r of the same,

much enlarged, shows .1 shred of epitheca over the costie, profile of the costse

above; fig. 6, side view of a septum, showing the distribution of the granulations

on the .side of the septum, X about 4.

Figs. 7 to 8b. llahinophyllia irrorata var. mortoiii (Gabb and Horn) 168

Fig. 7, upright view of one of (iabb's types in the Philadelphia Academy of Natural

Sciences: fig. 7a, transverse outline of the larger specimen, both figures § natural

size; fig. 8, a typical specimen, natural size; fig. 8a, a portion of the cross .section

of the same specimen, X 2, to show septal arrangement: fig. 8b, costa' of the same
specimen, much enlarged, profile above.

Figs. 9 and 10. Ilalanoplnjilia irrorata var. aichotoma (Gabb and Horn) 169

Fig. 9, upright view of one of (iabb'stypes in the Philadelphia Academy of Natural

Sciences, X 24; fig. 10, upright view of another specimen, x nearly 2; this speci-

men is somewhat intermediate between var. mortonl and var. dichotoiiia. although

it is referred to the latter.

Figs. 11 .and 11a. BalanophyUia irrorata var. coniformis var. nov 170

Fig. 11, upright view of a specimen, natural size; fig. 11a, cross section of the same,

X 2, showing sept.al arrangement.

Figs. 12 to 14. BalanophyUia iiiaiiris sp. nov 171

Fig. 12, upright view of a specimen in the Ignited States National Museum: fig. 13,

upright view of another specimen in Philadelphia Academy of Natural Sciences,

natural size; fig. 14, somewhat diagrammatic representation of septa for one-

cjuarter of a cross section.

Figs. 1, 2, and 9 drawn by J. Henry Blake; figs. 4 and 7 by K. Shepjiard; all others by
Dr, J. C, McCouuell.
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PLAT E X X

.

Balanophyllia.
Page.

Figs. 1 to 2. BalanopliijUia jionderosa sp. nov 173

Fig. 1, upright view of a speciineu, natural size; fig. la, transverse outline, natural

size; fig. lb, several .septa and wall, X 2i; fig. Ic, costa' enlarged; tig. 2, upright

view of another specimen, natural size.

FlG.s. 3 to 5. Balanophyllia amiiilaria sp. nov 174

Figs. 3 and 4, two upright views of the same specimen, natural size; fig. 5, costfe

enlarged.

Figs. 6 to 10. ISalanophijllia auguatinensis sp. nov 174

Figs. 6, 7, and 8, upright views of three specimens, all natural size ; tig. 9, cross section

of a corallum, x 'i\, to show septal arrangement; fig. 10, ciistM- enlarged.

Figs. 11 to 14. Balanophyllia donga ta .sp. nov 175

Fig. 11, upright view of a typical specimen, natural size; fig. 11a, costa' and shreds

of epitheca, enlarged; fig. 12, a very abnormal small specimen, natural size; fig.

13,l(mgitudinal section of corallum, x 2, showing dissepiments; fig. 14, cross sec-

tion of a corallum, x 2, showing septal arrangement.

Figs. 1.t to 18. Balanophyllia caulifcra (Conrad) 176

Fig. 1."), upright view of one of Conrad's types in the Philadelphia Academy of Natu-

ral Scieuoes, natural size; fig. 16, upright view of .inother, more robust specimen,

natural size; fig. 16a, calice of the same, X 2i; fig. 17, upright view of another

specimen, size iudlcated by line at side of figure; fig. 18, upright view of a small

specimen, X 2+, shows well the nipple-Iilie pedicel on the base.

Figs. 19to20. Balanophyllia caulifera v.it. miiltit/ranosa v.ir.aov 177

Fig. lit, upright view of a specimen, natural size; fig. I9a, calice of the same, x 2A, to

show septal arrangeuient ; fig. 19b, cost;e enlarged ; fig. 20, upright view of another

specimen, natural size.

Figs. 21 to 23. Balanophyllia hahana (Milne-Edwards and HaimiO 178

Fig. 21, upright view of the type of the species in the Musiuui d'HistoIre Naturelle,

Paris, length of specimeu 31 mm.; fig. 21a, calice of tlie same, dlaiui^ters of the

calice .r^ '. (The drawings for these two figures were made from photographs

furnished by M. Alphonse Milne-Edwards.) Fig. 2'z, upright view of a specimen,

not 80 much elongated as the type, length of specimen, 23 mm. ; fig. 23, upright

view of a typical specimen, length 29 mm. ; fig. 23a, one-half nf the oalice of the

same, x about 3.

Fig. 17 drawn by Hunter Harris; tig. IX by .1. fleury lilake; all others by Dr. .1. C McConnell.
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PLATE XXI.

Balanophyllia, Eupsammia, Ehectopsammia, Endopachys.
Pag.".

FiG.s. 1 to 2. JSalaiiopliiiUia haltaiia ( Milue-Edwanls and Haime) 178

Figs. 1 ami 2, npriglit views of two specimens, each X2J; tigs, la and 2a, respec-

tively, transverse outlines of the specimens, X t.-

Figs. 3 to 7. Eu^jsammia elaborata (Conrad ) 1^0

Fig. 3, upright view of Conrad's typo in the Philadelphia Academy of Natural

Sciences, X 2+ ; fig. 3a, transverse outline of the same, X t ; fig. 4, upright view of

an elongate specimen from Aquia Creek, Virginia, x 2A; fig. 4a, transverse out-

line of the same, x f,
; fig. 5, upright view of a typical specimen from Greggs

Landing, Alabama, x 2.}; fig. 5a, transverse outline of the same, X f; ; fig. C, trans-

verse section of a corallnm, X 2, to show septal arrangement; fig. 7, thin section

throtigh wall, to sliow relations of septa to costiv, the synapticulate character of

the wall, septal (lerforations, etc., X 11.

Figs. 8 to 9a. Copies of dc (ircgorio's original figures of riaconmilia ( Trochosmiliu) coiinifeiis do

Gregorio. This is probably a synonym oi Eiq^ammia elnhorala (Conrad) 182

Figs. 10 to 10b. Eiijjsammia con nidi noni. uov 183

All figures drawn from Conrad's type of ' TtirhiiioUapileolus'' in the Philadelphia

Academy of Natural Sciences. Fig. 10, upright view, X i ; fig. 10a, transverse

outline, xS; fig. 10b, view of calice from above, x 2.

Figs, li to 13. Jiluictopaammia claihorneiisis gen. et sp. nov 183

Figs. 11 and 11a, two upright views of the same specimen, X 2J. ; fig. lib, calicular

view of the same specimen, x 21; fig. 12, very young specimen attached to a

specimen of DentaUum Wandum de Gregorio, x 0, shows the basal plate and first

formed septa; fig. 13, view of basal end of a very young specimen, X 6, shows a

portion of the basal plate adhering to the septa; also shows the mode of over-

lapi>ing beyond the first epithecal riug of the subseiiuently formed hard parts.

Figs. 14 to 16. Endopachiis marlurii (Lea) 186

Fig. 14 and 14a, copies from Milne-Edwards and Haime; fig. 11, upright view; fig.

14a, calicular view, both natural size; fig. 1.5, view of another specimen, natural

size; fig. 16, side of a septum, outer layer peeled ofl', X 4, to show courses of

trabecnla" and mode of insertion of new trabccula'.

Figs. 1 to 5a drawn by .J. Henry Blake; figs. 10 and 10a by E. Sheppard; fig. 15 by Hunter

Harris; all others by Dr. J. C. McConuell.
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PLATE XXII.

Endopachys, Dendkophyllia, Dendracis.
Page.

Fig. 1. Endopachys maclurii ( Le.a) 186

A spccimeu approaching var. tenue var. nov. The line indicates the size.

Figs. 2 to 5. Endopachys maclurii var. temie var. nov 188

All figures natural size.

Fig. 6. Endopachys maclurii (Lea) 186

A specimen near variety tenue, natural size.

l'"i( :s. 7 and 8. Endopachys maclurii var. iriangulare Conrad 188

The figures made from Conrad's type in the Philadelphia Academy of Natural

Sciences. Fig. 7, upright view, looking at side; fig. 8, transverse outline; both

figures J natural size.

Fi(i. 9. Endopachys sp., probably a large specimen of E. maclurii var. triangulare Conrad 188

Fig. natural size.

FlG,s. 10 and 10a. Endopachys lonsdalci sp. nov 189

Two upright views of thi' same specimen, both natural size.

Figs. 11 to 14. Endopachys shaleri sp. nov 190

Figs. 11 to 13, upright views of three specimens, x about 2i; fig. 14, skeleton

diagram of septa.

Figs. 15 to 18. Endopachys min ntu in sp. nov 190

Figs. 15 to 17, upright views of three specimens, x 2 ; figs. 16 and 16a, two views of

the same specimen ; !ig. 18, calicular view of another specimen, X nearly 5.

Figs. 19 to 19b. Dendrophyllia striata sp. nov 191

Figs. 19 and 19a, two views of the type specimen, both natural size; fig. 19b, upper
end of tlie same, X 3, to show septal arrangement.

Figs. 20 to 20c. Dendrophyllia lishonensis sp. nov 191

Fig. 20, general view of type specimen, natural size; fig. 20a, general view of the

same, enlarged nearly 3 times; fig. 20b, a calice, x 5; fig. 20c, cross section of

lower end of specimen, X 2.

Fig. 21. Copy of Lonsdale's original figure of Dendrophyllia lavis Lonsdale sp. dub 199

Fig. 22. Cojty of Lonsdale's original figure of Caryophyllia suhdichotoma Lonsdale sp. dub 197

Figs. 23 and 24. Dendracis tuhulata ( Lonsdale ) 193

Copies of Lonsdale's original figures.

Fig. 1 drawn by Hunter Harris; figs. 7 and 8 by E. Sheppard; all others by Dr. J. C. McConuell.
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PLATE XXIII.

TURBINARIA ( ?), POUITES.

rase.

Figs. 1 to 3. Turbinaria ( ?) alahameiisis sp. nov 104

Fig. 1, view of a vertical section through a cdralluiii, natural size; fig. 2, cross

section of a corallite, as seen in a thin section, X about '20; lig. 3, vertical section

of C(cnnench.vm<a and a corallite, X 4i, shows perforate sejita.

Fids. 4 to 6. Poritcs ratnosa (Lousdalc) ISIo

Fig. 4, copy of Lonsdale's original figmi'; fig. 5, general view of the cast of a speci-

men, natural size; fig. fi, cast of several calices, X 3^^.

All drawings made b}' Dr. J. 0. McCounell.
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PLATE XXIV.

TURBINABIA ( ?) ALAHAJIENSIS.
Page.

Reproduction from pliutoj;ra]ih of a huge specimen of Tiirhiiiaria ( i) alahamen«ie sp. nov 19-i
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Nainea in italic are synonyms; figures iu blackforc; type are numbers of pages on which detaUed descriptions

appear; figures in i7«?i'c denote illustrations.

Page.

Acrohelia, M.-Edw. and H 126

Actinacisd'Orbigny 194,195

Agassiz, A. , reference to 13

Alabama Bluft", Tex.,coral3 from 29

Alcyonaria,M.-Edw. and H 56
Aldrich, T. H. aclcnowldgmeuta to 12

Aldricbia, gen. nov 23, 70-73, 74. 21G

eleganasp.nov 20,30, 7 1-73, 2i6

Alum Blutf, Tes., corals from 28

Alveopora, Quoy and Gainiard 52

American Museum of Natural History, acknowledg-

ments to 12

Ampbiastra'ida? Ogilvie 49, 50

Ampbibelia, M.-Edw. and H 23, 33. 124-125, 126

natcbitochenais sp nov 21,27.29, 124-125, -'-:>-*

AiithophyUuin cuneiforme Conrad 60

Autilliaponderosa (Duncan) 42, 4h,^10

Aquia Creek beds, correlation of 16

Arago beds, correlation of 16

A s teroides calycularis 36

Aatr.Tida- M.-Edw. and H 50,54,145

Astfipomorpha Reuss 43

Aatrangia M.-Edw. and H 23,30,33,133-138

espansa sp. nov 21. 30, 133-1 35, 136, 236

harrisisp. nov 21. 136-137, .'5^;

lineata (Conrad) 138

ludoviciaoasp. nov 21,30. 135-136, 2;V>

wilcosensis sp. nov 21,25, 137-13S, J-'^f.

Astrangia sp. uov. Vanghan 133

Aatrangida:YerT\n 54,133-139
Astrea (pars) Lamarck 154. 155

rotulosa (Ellis and Solander) 155

Aatreidae. See Astra^idie.

Astrocrenia M.-Edw. and H 23,33.149, 150,153

orbignyana M.-Edw. and H 149,153

oruata Duncan 149

pectinata Pourtales 153

? petrosa Gabb 19. 146

pulchella M.-Edw. and H 150

pampellyisp. nov 21,31. 149, -^42

sp.dub.de Gregorio 198. ;?4^

Astrnoenida^ nom. uov 54, 149-153
Aetrohelia M.-Edw. and H 23.28,114-115

burnsisp.nov 21, 30,

1

15, e~^^'

Icsueuri M.-Edw. ;ind H 13, 110. 117, 119, ,','S'

neglecta sp. nov 21, 114-115, 2:^6

palmata (Goldf
.
) 117

Atane beds, correlation of 16

Aturia bed, correlation of 16

MON XXXIX 17

£5.
Page.

Balanopbyllia Searles Wood 24

25, 34, 37, 44, 103, 162-lNO. 182, 183, 184
annularis ap. nov 22, 25. 1 74, -248

augustineusia sp. nov 22.27, 174-175, 24S
calycuhis S. "Wood i62

caulifera (Conrad) 22,162,173,176-178, 24S
caulifera var. multigranosa var. nov 22,

30,177-178, 243
desmopbyllum M. Edw. and H 17^

22,25,26,27,28, 164-166, 171, 244.246
desmopbyllum var. microcostata var. nov 22,

25,166, 171,246
eloiigata s]i. nov 22

30,163, 164, 173, 175-176,^45
graveai M.-Edw. aud H jqq
baleana (M.-Edw. and H.) 22

26, 162, 1 78-1 SO, 24S, 250

inauris sp. nov 22,29, 171-173, 246

irrorata (Courad) 22

30, 53, IG2. 163-164. 1G6, 167-1 71, 173, 182, 24S
irrorata var. coniformis var. nuv 22

2H. 170-I7I,174,«4C
irrorata var. dicbotoraa (Gabb and Horn) 22,

29, 169-170, ni.i.Mfi

irror;ita var. niortoni (Gabb and Horn) 22*

28, 103, 168, 170, \1\,24G
ponderosa sp. nov 22, 25, J[73, 24S

Barbatia cucnlloides (Conrad) 133, 136

Hartonian formation, correlation of r.. 16

Basal plate, discussion of 3fi-37

Baabi beds, corals found in 2C

Basbi seriea. correlation of ig

Batbelia Moseley J26

Bat hymetric distribution of species 23-32

Belinfante, L. L., acknowledgments to 13

Bernard, H. M., acknowledgments to 13

cited on dissepiments 52

cited on walla of Alveopora 52

work of 55

Black Blutf beds. .See Sucarnocbee beds.

Black Shoals, Tex., corals from 28

Blainville, H. M. D. de, use of name Astrea by 155

Blake. J. H., reference to 14

Bold Mound, Tex., corals from 29

Bolscbe, W,. cited on TrocbosmiliaMnauris( Morton). .. 171

Bolten, J. F., use of name Astra-a by 154

Boston Society of Natural History, acknowledgments
to 12

Boule, M., acknowledgments to 13
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Boule, M.. aid by 1"9

Bourne, G. C, cited on origin of the cctral skeleton... 35

()noted on wall of Eupbyllia ^labrescens (Cbani-

isso and Eysenliardt) ''0

reference to
*'-

work of - ^^

Browne, V. , use of name Astra*a by 154

Bryozoa ^^

Burns, F., coral collected by 9*^

C
Ccpspito.se ttstrcean Vaiighan 137

Calcareous deposits, origin of 35-30

California, Eocene formations and corals in 18-19

Camerano, L., acknowledgments to 13

Caryophyllia Lamarck 23, 33, t lO-l I'J

communis (Seguenza) 49,112

cornuforuiis Pourtal^s 49, 112

cyatbus (Ellis and Solander) 47

dalli sp. nov 21. 30, 38, 45, 46, 1 10-1 1 1 , H 2, nc
subdicbotoraa Lonsdale 19?-1 !>S,25;?

tesauasp.nov 21, 111-113,52';

(.'eratotrocbus M.-Edw. and H 112

dnodecimcostatna (Coldf.) 112

mnltiserialis (Miebelotti) 112

Cernaysian formation, correlation of 16

Chickasawan stage, correlation of 16

general conclusions regardingMidwayanstageand 26

geograpbic and bailij-metric distribution of corals

of \ 25-26

Chico-Sbasta group, correlation of 16

Cbipolan stage, correlation of 16

Cladocora EbFeuberg 23,33.47, 13S- 1 3»
recrescens Lonsdale 21,31.1.18-1.19,194.2^.5

Claiborne sand beds, bathymetric distribution of

corals from 29-3(i

Claiborne sand, correlation of 16

Claiboruian atage, correlation of 16

geographic and bathymetric distribution of corals

"of
*

27-30

Clark, "VV". B., acknowledgments to 12

aid by 17,66

cited on age of corals from New Jersey 16

cited on Eocene formations 15

cited on Eocene in Maryland and Virginia 17

cited on Tejou group 13

Clawsitication of corals, remarks on 54-55

(Ju'loheliageu. nov 23, 135-1*2H

wagneriana sp. nov 21, 25, 47, 137-12S, i.'^^

Colliers Ferry, Tex., corals from 28

Colorado River, Tex., corals from 28

Columella, discussion of 53

Conotrocbus typus Seguenza 112

Conrad, T. A., description of Dendrophyllia (Petro-

pbyllia) arkansaseusis Conrad by 200

description of Madrepora puuctulata Conrad by.- 199

descnpt ion of Petrophyllia Conrad by 200

name proposed by 162

16

30

16

31

,
32

Cooper River marl, correlation of

Coral limestone, coral found in

correlation of

thickness of

Coralliochama orcutti "White.

-

Coralliinn perplexum de Gregorio 56

Corals, age in various States 16-19

remarks on classification of 54-55

Page.

Coral .-keleton, morphology of the madrejiorarian 34-55

Correbilion table of lower Tertiary formations 16

Cyatbohelia M.-Edw. and n 126

Cyclolitea Lamarck 43

Cycloseris sp. de Gregorio I9N
Cylicosmilia cauUfera Gabb and Horn 167, 169

dichotoma Gabb and Horn 167

Ball, "\y.H., acknowledgment to 12,13

aid by 154

cited on age of corals frcim Xew Jersey 10

cited on correlation of Eocene and Lower Oligocene

formations 15

cited on Oligoceno in Florida 31

correlation table of Lower Tertiary formations by. 16

reference to 117

Danian formation, correlation of 16

I Dendracis M.-Edw. and H 24.191-194
tubulata (Lonsdale) 22, 191-194, 252

Dendrogyra cylindrus Ebrenberg 49
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[Monograph XXXIX.]

The statute approveil Jtaivh 3. 1879, establishing the United States Cieologif^al Survey, contains
the following provisions:

'•The publicatious of the Geological Survey shall consist of the annual report of operations, reo-
logical and economic maps illustrating the resources and classification of the lands, and re]iorts \ynou
general and economic geology and paleontology. The annual report of operations of the Geoloo-ical
Survey shall accompany the annual report of the Secretary of the Interior. All special niemoirs°aud
reports of sai<l Survey shall be issued in uniform quarto series if deemed necessary by the Director, but
otherwise in ordinary octavos. Three thousand copies of each shall be published for scientific exchauo-es
andfor sale at tbeprico of publication ; and all literary and cartographic materials received in exchange
shall be the property of the United States and form a jiart of the library of the organization : And the
money resulting from the sale of such publications shall be covered into the Treasury of the United
States.'"'

Except in those cases in which an extra number or any special memoir or report has been sup-
plied to the Survey by special resolution of Congress or has been ordered by the Secretary of the
Interior, this office has no copies for gratuitous distribution.

ANNUAL REPORTS.

I. First Annual Report of the United States Geological Survey, by Clarence King. 1880. 8°. 79
pp. 1 map.—A preliminary report describing plan of organizati<m and publications.

"^

II. Second .Vnnual Report of the United States Geological Survey, 1880-81, by J. W Powell
1882. 8°. Iv, 588 pp. 62 ])1. 1 map.

III. Third Annual Report of the United States Geological Survey, 1881-'82, by .T. W. Powell.
1883. 8''. xviii, 564 pp. 67 pi. and maps.

IV. Fourth Annual Report of the United States Geologi(-al Sur\-ey, 1882-'83, by .J. W Powell
1884. 8°. xxxii, 473 pp. 8.5 pi. and maps.

V. Fifth ,\nnua! Report of the United Slates Geoloijical Survev, 1883-84, bv .J. W Powell
1885. 8°. xxxvi, 46!) pp. .58 pi. and maps.

VI. Sixth Annual Report of the United States Geological Survey, 1884-'85. by .1. AV. I'owell.
1885. 8°. xxix, 570 pp. 65 pi. and maps.

VII. Seventh Annual Report of the United States Geological Survey, 1885-86, by .1. W. Powell
1888. 8°. XX, 656 pp. 71 pi. and maps.

VIII. Eighth Annual Report of the United States Geological Survey, 1886-87. by .1. W. Powell.
1889. 8°. 2 pt. xix, 474, xii [ip. ,.">:? pi. and uuips; 1 prel. leaf 475-1063 pp., 5-1-76 pi. and majis.

IX. Ninth Annual Report of the United States (ieological Survey, 1887-'88, bv .T. AV Powell
.3889. 8"^. xiii, 717 i)p. 88 pi. and maps.

X. Tenth Annual Report of the United States Geological Survey, 1888-89, by J. \V. Powell
1890. 8°. 2 pt, XV, 774 ])p., 98 pi. and maps; viii, 123 lip.

XI. Eleventh Annual Report of the United States Geological Survey, 1889-90, by ,J. \V. Powell.
1891. 8*^. 2 pt. XV, 7.57 pp., 66 pi. and nuips; ix, 351 pp., 30 pi. and maps.

XII. Twelfth Annual Report of the United States (ieological Survey. 1890-"i)l. by .1. W. Powell.
1891. 8^. 2 pt., xiii, 675 pp., .53 ]d. and maps; xviii, 576 pp., 146 ]i\. and nuips.

XIII. Thirteenth Annual Report of the United States Geological Survey, 1891-'92, l)y J. W.
Powell. 1893. 8^. 3 pt. vii, 240 pp., 2 maps; x, 372 pp., 105 pi. and maps; xl, 486 pp., 77 "pi. and
maps.

XIV. Fourteenth Annual Report of the United States Geological Survey, 1892-'93, bv .J W
Powell. 1893. 8°. 2 pt. vi, 321 pp., 1 pi. ; xx, 597 pp., 74 pi. and maps.

XV. Fifteenth Annual Report of the United States Geological Survey, 1893-'94. by J. \V. Powell.
1895. 8°. xiv, 7.55 pp., 48 pi. and maps.

XVI. Sixteenth Annual Report of the United States Geological Survey, 1894-'95, Charles D.
Walcott, Director. 1895. (Part I, 1896.) 8-^. 4 pt. xxii, 910 pp., 117 pi. and maps; xix, 598 pp.. 43
pi. and ma)>s ; xv, 646 pp., 23 pi. ; xix, 735 pp., 6 pi.

XVII. Seventeenth Annual Re)>ort of the United States Geological Survey, 1895-'96, Charles
D. Walcott, Director. 1896. 8 \ 3 pt. in 4 vol. xxii, 1076 i>p., 67 pi. and mafjis; xxv. 864 pp., 113 pi.
and maps; xxiii, 542 pp., 8 pi. and majis; iii, 543-1058 pp., 9-13 pi.

XVIII. Eighteenth Annual Report of the United States Geological Survev, 1896-'97. Charles D.
Walcott, Director. 1897. (Parts II and III. 1898.) 8^. 5 pt, in 6 vol. 1-140 pp.. 4 pi. and maps; i-v,
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1-653 pp., 10.") pi. and majis; i-v, 1-861 pp., 118 pi. nnd maps; i-x. l-T.'il! pp.. 102 ]>1. .iiid maps: i-xii,

1-642 pp., 1 pi. ; 613-1400 pp.
XIX. Ninct'-euth Annual Repurt of the United .States (jeological Survey, lSJI7-'98, Charles D.

Walcott, Directiir. IS1I8. (I'arts II, III, and V, ISiC.I. ) 8. 6pt. inTvol. 422 pp., 2 maps; v, 958

pp., 172 ]il. and maps; v, 785 pp., 90 pi. and maps: viii, 814 pp., 118 pi. and maps; xvii, 400 pp., 110
pi. and ma]is; viii, 651 pp,, 11 1>1. ; viii, 706 pp.

.\X. Twentieth Annual Report of the I'nited States Geolofjiral Survey, 1898-99, Charles D.
Walcott, Diieitor. 1899. (Paris II, III, IV, V, and Vll, 1900.) 8. 7 pt. in 8 vol. .".51 pp., 2 maps;
V, 953 pp., 193 pi. anil maps; v, 595 pp., 78 jil. and maps; vii, 660 pp., 75 pi. and maps; xis, 498 pp.,
159 pi. and maps: viii, 616 pp.; xi, 804 pp., Ipl.; v, 509 pp., 38 pi. and maps.

MONOGRAPHS.

I. Lake Bonneville, by (irove Karl Gilbert. 1890. 4-. xx, 438 pp. 51 pi. 1 map. Price$1.50.
II. Tertiary llistorvot'the Grand Canon District, with Atlas, by Clarence E. Dutton, Capt., U. S. A.

1882. 4^'. xiv. 264 pp. 42 pi. and atlas ol 24 sheets iblio. Price .$10.00.

III. Geolog.v of the Ci>mstoek Lode and the Washoe District, with Atlas, bv George F. Becker.
1882. 4°. XV. 422 pp. 7 jd. and atlas of 21 sheets iblio. Price $11.00.

IV. Comstock Mining and Miners, by Eliot Lord. 1883. 4^. xiv, 451 pp. 3 pi. Price $1.50.

V. The Copper-Bearing Kocks of Lake Superior, by Ridand Duer Irving. 1883. 4°. xvi, 464

pp. l.'^l. 29 pi. and maps. Price $1,85.

\'I. Contributions to the Knowledge of the Older Mesozoic Flora of Virginia, by William Morris
Fontaine. 1883. 4'-. xi, 141pp. 54 1.' .54 pi. Price $1.05.

VII. Silver-Lead Deposits of Eureka, Nevada, by .Joseph Storv Curtis. 1884. i". xiii. 200 pp.
16 pi. Price $1.20.

VIII. Paleontidogv of the Eureka District, by Charles Doolittle Walcott. 1884. 4^. xiii, 298

pp. 24 1. 24 pi. Price' $1.10.

IX. Iir.icliiii]ioda ami Lamellibrauchiata of the Raritan Clays and Grecnsand JIarls of New
Jersey, by l.'ol.ert P. Whitlicld. 1885. 4'-. xx, 338 ])p. 35 pi. 1 maii. Price $1.15.

'X. Dinocerata. A Monograiili of an Extinct Order of Gigantic Mannnals, by Othniel Charles
Marsh. 1886. 4-. xviii, 243 pp. 56 1. 56 pi. Price .$2.70.

XL Geological History of Lake Lahontan, a Quaternary Lake of Northwestern Neva<la, by
Israel Cook Russ(dl. 1885. 'l'-. xiv. 288 pp. 46 pi. and maps.' Price $1.75.

XII. (ieology and Mining Industry of Lcaclville, Colorado, with Atlas, by .Samuel Fr:inkliu

Emnnins. 1886. 4. xxix, 770 pp. 45 pi. and atlas of 35 sheets folio. Price .$8.40.

XIII. Geologv of the Ouicksilver 1 )eposits of tlu'. Pacihc Slo]ie, with Atlas, by George F. Becker.

1888. 4-. xix, 486 pp. 7 ]il. and atlas of 14 sheets f(dio. Price $2.00.

XIV. Fo.ssil Fishes and Fossil Plants of the Triassic Rocks of New .Jersey and the Connecticut
Valley, by .lohu S. Newberry. 1888. 4-'. xiv, 152 pp. 26 jil. Price $1.00.

XV". Thi' Potomac or Younger Mesozoic Flora, by William Morris Fontaine. 1889, V\ xiv,

377 pp. 180 pi. 'I'ext and iilat<-s lioiind separately. Price $2. .50.

XVI. The I'aleozoic Fishes of North America, by .lolin Strong Newberry. 1889. 4^. 340 pp.
53 pi. Price $1.00.

XVII. The Flora (d' the Dakota (iroup, a Posthumons Work, by Leo Lesqnereux. Edited by
F. II. Kuowllon. 1891. 4-. 400 ]ip. 66 jil. Price $1.10.

XVIII. Gastero])oda andCephalojioda of the Raritan Clays and (ireensand Marls of New .Jersey,

by Robert P. Whitlield. 1891. 4-, 402 p]!. 50 pi. Price $1.00.

XIX. The Penokee Iron-Bearing Series of Northern Wisciuisin and Michigan, by Rohnnl D.

Irving and C. R. Van Hisc. 1892. 4-. xix, 531 pp. Price $1.70.

"XX. Geology of the EnrekaDistrict, Nevada, with an Atlas, by Arnold ll,-ign(\ 1892. 4". xvii,

419 pp. 8 pi. Price $5.25.

XXI. The Tertiarv Rhyuchophorous Coleoptera of the United .States, by Samuel Hubbard Scud-

di-r. 1893. 4^. xi. 206 pp.' 12 pi. Price 90 cents.

XXII. A Manual of Topographic Methods, bv Henry Gannett, Chief Topographer. 1893. 4".

xiv. 300 pp. 18 1,1, Price $1.00.'

XXIII. Geology of thetireen Mountains in Ma-ssachusetts, by Raphael Pnnipelly, T. Nelson Dale,

and J. E. Woltt'. 1894. 4^. xiv, 206 pp. 23 pi. Price $1.30.

XXIV. Mollusca and Crustacea of the Miocene Formations of New Jersey, by Robert Parr Whit-

field. 1894. 4^-. 193 pp. 24 1)1. Price 90 cents.

XXV. The(ilacial Lake Agassiz, by Warren Upham. 1895. 4 . xxiv,658pp. 38pl. Price$1.70.

XXVI. Flora of the Ambov Clav.s, by John Strong Newberry; a P.sthumous Work, edited by
Arthur Hollick. I.'^95. 4^. 260 pp. 58 pi. Price $1.00.

XX\TI. (ieolo<;y of the Denver Basin in Colorado, liy Samuel Franklin Emmons, Whitman Cross,

and George HomansEldridge. 1896, 4^. 556 pp. 31 pi." Price $1..50.

XXMIL The Mar(iuette Iron-Bearing District of Michigan, with Atlas, by C. R. Van Hise and
W. S. Bayley, including a Chapter on the Republic Trough, by 11. L. Smyth. 1895. 4 . 608 jiii. 35

pi. and atlas of 39 sheets folio. Price $5.75.

XXIX. (Tcologyof Old Hampshire County, Massachusetts, comprising Franklin, Hampshire, and
Hampden Counties, i)v Benjamin Kendall Emerson. 1898. 4°. xxi, 790 pp. 35 i)l. Price $1.90.

XXX. Fossil Medn.sa-', by Charles Doolittle Walcott. 1898. 4-. ix, 201pp. 47 pi. Price $1..50.

XXXI. Geology of the Aspen Mining District, Colorado, with .\tlas, by Josiah Edward S])urr.

l.><98. 4^. XXXV, 260 pp. 43 pi. and atlas of 30 sheets folio. Price $3.60.
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XXXII. Geology of the Yellowstone National Park, Part II, DescTiptiTe (ieoloKy, Pctro),'raj)liv

and Paleontology, by Arnold Hague, J. P. hldiiiKS, \V. Ha-vey Weed, Charles O. Walcott, (i. h! (iirty'
T. W. Stauton, and F. H. Knowlton. I,sy9. 4^. xvii, 893 pp. 121 pi. Price $2. J5.

XXXIII. GeoloK.r of the Narragansett H.asin, by N. S. Shaler, J. B Woodworth, and An^nist F
Foerste. 1899. 4'. xx, 402 pp. .31 pi. Piiie .$1.

"

XXXIV. The Glacial Gravels of JIaine and their Assoiiated Deposits, by George II. Stone 1899
4'J. xiii, 499 pp. 52 pi. Piice $1.30. > .

^ •

XXXV. The Later I^xtlnct Floras of North America, by .John Strong Newberry edited by
Arthur Rollick. 1898. 4". xviii, 29.5 p)>. (i8 pi. Price $1.25.

.\XXVI. The Crystal Fall.s Iron-Bearing District of Michigan, by J. Morgan Clements and
Henry Lloyd Smyth; with a Chapter on the Sturgeon River Tongue, bv William Shirley liaylev, and au
introduction by Charles Richard Van Hise. 1899. 4 . xxxvi,512pp. ,53 pi. Price $2.

XXXVII. Fossil tlora of the Lower Coal Measures of Jlissonri. bv David White. 1899. 4 .

xi, 467 pp. 73 pi. Price $1.25.
XXXVIII. The Illinoi.s Glacial Lobe, bv Frank Leverett. 1899. 4'-\ xxi 817 iw •>i nl

Price $1.60.
'
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XXXIX. The Eocene and Lower Oligocene Coral Faunas of the United States, with Descriptions
of a Few Doubtfully Cretaceous Species, by T.Wayland Vaughan. 1900. 4". 263pp. 24 pi. Price $1.10.
Inpreparalion:

—Adephagous and Clavicorn Coleoptera from the Tertiary Deposits at Florissant, Colorado,
with Descriptions of a Few Other Forms and including a Systematic List of the Non-Rhyncophorous
Tertiary Coleoptera of North America, by Samuel Hubbard Scudder.—Flora of the Laramie and Allied Formations, by Frank Hall Knowlton.

BULLETINS.

1. On Hypersthene-Audesite and on Tricliuic Pyroxene in Augitic Rocks, by Whitman Cross
with a Geological Sketch of Bufialo Peaks, Colorado, bv S. F. Emmons. 1883 8^ 4' pp ' pi'
Price 10 cents.

2. Gold and Silver Conversion Tables, giving the Coining Values of Trov Ounces of Fine Metal
etc., computed by Albert Williams, jr. 1883. 8". 8 pp. Price 5 cents.

' '

3. On the Fossil Faunas of the Upper Devonian, along the Meridian of 76° 30', from Tompkins
County, N. \ ., to Bradford County, Pa., by Henry S. Williams. 1884. 8'. 36 pp. Price 5 cents

4. On Mesozoic Fossils, by Charles A. White. 1884. 8 '. 36 pp. 9 pi. Price 5 cents.
5. A Dictionary of Altitu<le8 in the United States, compiled by Henry Gannett. 1884. 8°. 325

pp. Price 20 cents.

6. Elevations in the Dominicm of Canada, by J. W. Spencer. 1884. 8-'. 43 pp. Price 5 cents.
7. Mapoteca Geologica Americana. A Catalogue of Geological Maps of America (North and

South), 1752-1881, in Geographic and Chronologic Order, by Jules Marcou and .John Belknap Marc(m
1884. 8". 184 pp. Price 10 cents.

8. On Secondary Enlargements of Mineral Fragments in Certain Rocks, by R. D. Irvino- and
C. R. Van Hise. 1884. 8' '. 56 pp. 6 pi. Price 10 cents.

' "

9. A Ri'port of Work done in the Washingtiui Laboratory during the Fiscal Yearl883-'84 F W
Clarke, Chief Chemi.st; T.M.Chatard, Assistant Chemist. 1884. 8*. 40 pp. Price 5 cents.

10. On the Cambrian Faunas of North America. Preliminary Studies, by Charles DoolittleW alcott. 1884. 8°. 74 pp. 10 pi. Price 5 cents.
11. On the Quaternary and Recent Mollusca of the Great Basin; with Descri|>tion of New

forms, by R. Ellsworth Call. Introduced by ,i Sketch of the Quaternary Lakes of the Great Basin
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' '
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the G
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66. On a Group of Volcanic Rocks from the Tewan Mountains, New Mexico, and on the Occur-
rence of Primary Quartz in Certain Basalts, by Joseph Paxson Iddings. 1890. 8°. 34 pp. Price 5
cents.

67. The Relations of the Traps of the Newark Svstem in the New Jersey Region, bv Nelson
Horatio Darton. 1890. 8-\ 82 pp. Price 10 cents.

68. Earthquakes in California in 1889, by James Edward Keeler. 1890. 8'^. 25 pp. Price 5
cents.

69. A Classed and Annotated Biography of Fossil Insects, by Samuel Howard Scudder. 1890.
8". 101 pp Price 15 cents.

70. A Report on Astronomical Work of 1889 and 1890, by Roljert Simpson AVoodward. 1890. 8°.
79 pp. Price 10 cents.

71. Index to the Known Fossil Insects of the AVorld, including Myriapods and Arachnids, by
Samuel Hubbard Scudder. 1891. S°. 744 pp. Price 50 cents.

72. Altitudes between Lake Superior and the Rocky Mountains, bv Warren Upham. 1891. 8'^.

229 pp. Price 20 cents.
73. The Viscosity of Solids, by Carl Barus. 1891. 8^^. xii, 139 pp. 6 pi. Price 15 cents.
74. The Minerals of North Carolina, Ijy Frederick Augustus Genth. 1891. 8°. 119 pp. Price

15 cents.
75. Record of North American Geology for 1887 to 1889, inclusive, bv Nelson Horatio Darton.

1891. 8°. 173 pp. Price 15 cents.
76. A Dictionary of Altitudes in the United States (Second Edition), compiled by Henry Gannett,

Chief Topographer. 1891. 8^. 393 pp. Price 25 cents.
77. The Texan Permian and its Mesozoic Types of Fossils, by Charles A. White. 1891. S'^. 51

pp. 4 pi. Price 10 cents.

78. A Report of Work done in the Division of Chemistry and Physics, mainly during the Fiscal
Year 1889-90. F. W. Clarke, Chief Chemist. 1891. 8^. 13i pp. Price 15 cents.'

79. A Late Volcanic Eruption in Northern Caliiornia and its Peculiar Lava, by J. S. Diller.
80. Correlation Papers—Devonian and Carboniferous, bv Henry Shaler Williams. 1891. 8°.

279 pp. Price 20 cents.

81. Correlation Papers—Cambrian, by Charles Doolittle Walcott. 1891. 8*^. 547 pp. 3 pi.
Price 25 cents.

82. Correlation Papers—Cretaceous, by Charles A. White. 1891. 8-^. 273 pp. 3 pi. Price 20
cents.

83. Correlation Papers—Eocene, by William Bullock (lark. 1891. 8'=. 173 pp. 2 pi. Price
15 cents.

84. Correlation Paper.s—Neocene, by W. H. Dall and G. D. Harris. 1892. 8^. 349 pp. 3 pi.
Price 25 cents.

85. Correlation Papers—The Newark System, ]iy Israel Cook Russell. 1892. 8". 344 pp. 13 pi.
Price 25 cents.

86. Correlation Papers—Archean and Algonkiau, by C. R. Van Hise. 1892. 8*^. 549 pp. 12 pi.
Price 25 cents.

87. A Synopsis of American Fossil Brachiopoda, including Bibliographv and Synonymy, by
Charles Schuchert. 1897. 8-'. 464 pp. Price 25 cents.

88. The Cretaceous F'oraminifera of New Jersey, by Rufus Mather Bagg, Jr. 1898. 8°. 89 pp.
6 pi. Price 10 cents.

89. Some Lava Flows of the Western Slope of the Sierra Nevada, California, by F. Leslie
Ransome. 1898. 8^. 74 pp. 11 pi. Price 15 cents.

90. A Report of Work done in the Division of Chemistry and Physics, mainly during the Fiscal
Year 1890-'91. F. W. Clarke, Chief Chemist. 1892. 8". 77 pp. Price 10 cents.

91. Record of North American Geology for 1890, by Nelson Horatio Darton. 1891. 8°. 88 pp.
Price 10 cents.

92. The Compressibility of Liquids, by Carl Barus. 1892. 8". 96 i)p. 29 pi. Price 10 cents.
93. Sonu! Insects of Special Interest from Florissant, Colorado, and Other Points in the Tertiaries

of Colorado and Utah, by Samuel Hubbard Scudder. 1892. 8^. 35 pp. 3 pi. Price 5 cents.
94. The Mechanism of Solid Viscosity, by Carl Barus. 1892. 8^. 138 pp. Price 15 cents.
95. Earthquakes in California in 1890 and 1891, by Edward Singleton Holdeu. 1892. 8°. 31pp.

Price 5 cents.
96. The Volume Thermodynamics of Liquids, by Carl Barus. 1892. 8-. 100 pp. Price 10 cents.
97. The Mesozoic Echinodermata of the United States, by W. B. Clark. 1893. 8°. 207 pp. 50pl.

Price 20 cents.
' 1 1- i-



VI ADVERTISEMENT.

98. Flora of the Oiitlyiiin Ciirl>i>iut'('ruus Basius of Soutliwcstern Missouri, by David White.
1893. 8-. 139 pp. 5 pi. I'lice 1.5 ceuts.

99. Record of North Ameriian Geology for 1891. by Nelson Horatio Dartou. 1892. 8°. 73 pp.
Price 10 ceuts.

100. Bibliography and Index of the Publications of the U. S. Geological Survey, 1879-1892, by
Philip Creveling Wariiian. 1893. 8-. 49.5 pp. Price 25 ceuts.

101. Insect Fauna of the K'hodc Island Coal Field, by Samuel Hubbard Scudder. 1893. 8°.

27 i)p. 2 |il. Price .5 cents.

102. A Catalogue and l>iliIioi;ra|iliy of Xorth American Mesozoic luverteln-ata, by Cornelius
Breckinridge Boyle. 1892. 8 . 315 jip. Price 25 cents.

103. High Temperature Work in Igneous Fusion and Ebullition, chiefly in Relatiou to Prc8.sure,

by Carl Barns. 1893. 8'. 57 ])p. 9 jiL Price 10 cents.

104. (ilaciation of the YeUowstone Valley uortn of the Park, by Walter Harvey Weed. 1893. 8°.

41 pji. 4 pi. Price 5 ceuts.

105. The L.aramie and the Overlying Livingstone Formation in Montana, l)y Walter Harvey
Weeil, with Keiiort on Flora, by Frank Hail Kuowlton. 1N93. 8 . ti8 pp. (j pi. Price 10 cents.

lOli. The t'olorado Formation and its Invertebrate Fauna, by T. W. Stanton. 1893. 8^^. 288

pp. 45 pi. Price 20 ceuts.

107. The Trap IMkes of the Lake Champlain Region, by .James Furmau Kemp aud Vernon
Freeman ilarsters. 1893. 8^. 62 pp. 4 pi. Price 10 cents.

108. A Geological Keeounoissance in Central Washington, by Israel Cook Russell. 1893. 8^~.

108 pp. 12 y)l. Price 15 cents.

109. The Eruptive and Sedimentary Rocks on Pigeon Point. Minnesota, iind their Contact
Plienomena, by William Shirley li.iyley. 1893. S^\ 121pp. 10 pi. Price 15 cents.

110. The Paleozoic Section in the Vicinity of Three Forks, Montana, by All>ert Charles Peale.

893. 8^'. .56 i)p. 6 7>1. Price 10 cents.

111. Geology of the Big Stone Gap Coal Fields of Virginia aud Kentucky, by Marius R. Camp-
bell. 1893. 8^. ' 106 pp. Gpl. Price 15 cents.

112. Earthquakes in California in 1892, by Charles D. Perriue. 1893. 8^. 57 pp. Price 10 cents.

113. A Keport of Work done in the Division of Chemistry during the Fiscal Years 1891-92 aud
1892-'93. F. W. Clarke. Cliief Cliemist. 1893. 8. 115 pp. Price 15 cents.

114. Earth(iuakcs iu California in 1.S93, by Charles D. Perriue. 1894. 8^. 23 pp. Price 5 cents.

115. A Geographic Dictionary of Rln>de Island, by Henry (iannett. 1894. S"^. 31pp. Price

5 ceuts.
116 A Geographic Dictionary of Massachusetts, by Henry (iannett. 1.S94. 8^. 126 pp. Price

15 cents.

117. .\ Geographic Dictionary of Counecticut, by Henry Ganuett. bS94. S^. 67 pp. Price 10

cents.
\IX. A Geographic j;)ictiouary of New .Jersey, by Henry Gannett. 1894. 8^. 131pp. Price 15

cents.
119. A Geological Reconnaissance in Northwest Wyoming, by George Homans Eldridge. 1894.

8°. 72 pp. Price 'lO ceuts.

120. The Devonian System of Eastern Penuyslvauia aud New York, by Charles S. Prosser. 1894.

8". 81 pp. 2 pi. Price 10 (M-nts.

121. A Bibliography of North .\mericau Paleontology, by Ch.-irles KoUin Keyes. 1894. 8"^. 251

pp. Price 20 cents.
122. Results of Primary Triangulation. by Henry Gannett. 1894. 8 '. 412 pp. 17 i)l. Price

25 cents.

123. -\ Dictionary of Geographic Positious, by Henry (iannett. 1895. 8\ 183 pp. 1 pi. Price

15 ceuts.
124. Revision of North .\merican Fossil Cockroaches, by Samuel Hubb.ird Scudder. 1895. 8-".

176 pp. 12 pi. Price 15 cents.
125. The Constitution of the Silicates, by Friink Wigglesworth Clarke. 1895. 8^. 109 pp.

Price 15 cents.
126. A Mineralogical Lexicon of Franklin, Hampshire, and Hampden counties. Massachusetts,

by Benjamin Kendall Emerson. 1895. 8'J. ISO pp. 1 pi. Price 15 cents.

127. (Jatalogue and Imlex of Contributions to North American Geology, 1732-1891, by Nelson
Horatio Darton. 1896. 8. 1015 ])p. Price 60 cents.

128. The Bear River Fornniticm and its Characteristic Fauna, by Charles A. White. 1895. 8°.

108 pp. 11 pi. Price 15 cents.

129. Earthciuakes iu California, in 1894. by Charles D.Perrinc. 1895. 8^. 25 pp. Price 5 cents.

1,30. Bibliography aud Index ol' North American Geology, Paleontology, Petrology, and Miner-
alogy for 1892 anil 1893', by Fred Houghton Weeks. 1896. 8-\ 210 pp. Price 20 cents.

131. Report of Progress of the Division of Hydrography for the Calendar Years 1893 and 1894,

by Frederick Haynes Newell, To])ngrapher in Charge. 1895. 8". 126 pp. Price 15 cents.

132. The Disseminated Lead C)res of .Southeastern Missouri, by Arthur Winslow. 1896. 8'='.

31 pp. Price 5 cents.
133. Contributions to the Creta<'eous Paleontologs of the Pacilii' 0)ast : The Fauna of the

Knoxville Beds, by T.W. Stanton. 1S95. S . 132 pp. 20 jil. Price 15 cents.

134. The Cambrian Rocks of Peunsylvauia, by Charles Doolittle Walcott. 1896. 8 \ 43 pp.
15 pi. I'rice 5 cents.
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135. Bibliography and Indux of North American Geolo.'v, Pah-outoloffv, Petrolo^'-v ami Miiipr-
alogy for the Year 1894, by F. K Weeks. 1896. 8-. 141 pp. Price 1.5 cnits.

lo^.N
,

ami .Miner

136. Volcanic Rocks of South Mountain, Pennsvlvauia, by Floreuco Ba.sconi 1896 8- 1''4 Dn
28 pi. Price 15 cents.

'

" li-

137. The Geology of the Fort Riley Military Reservation and Vicinity, Kansas, by Robert Hav
1896. 8^. 35 pp. 8 pi. Price 5 cents.

' ''
138. Artesian-Well Prospects in the Atlantic Coastal Plain Region, by \ H Dirtun 189(1 8^

228 pp. 19 pi. Price 20 cents.
" ' ^ ^- ^

139. Geology of the Castle Mountain Mining District, Montana, by W. H. Weeil ami L V Pirs
son. 1896. 8^. 164 pp. 17 j)!. Price 15 cents. .

.

o

140. Report of Progress of the Division of Hydrography for the Calendar Year 1895 bv Frederick
HaynesJyewell, Hydrographer in Charge. 1896. 8"^. 3.56 pp. Price 25 cents

, „T.J,"- 1??,*^'!'^^'','' I^'^Posifs of the Mi.ldle Atlantic Slope in Delaware, Maryland, and Virginiaby William Bullock Clark. 1896. 8'-. 167 ])p. 40 pi. Price 15 cents.
'

^ „, 1^--
-^,P'''^*'

L'ontribntion to the Geology and Paleont(dogy of Northwestern Louisiana bv
T. Wayland Vaughan. 1896. 8^. 65 pp. 4 pi. Price ;0 cents. ' '

143. A Bibliography of Clays and the Ceramic Arts, bv .John C. Branner. 1896 8- 114 nn
Price 15 cents.

"

' '
'

144. The Moraines of the Missouri Cote.ui and their Attendant Deposits, bv .Fames Edwird Todd
1896. 8^'. 71pp. 21 pi. Price 10 cents.

'
J->"" .ira lod.i.

145. The Potomac Formation in Virginia, by W. M. Fontaine. 1896. 8'-\ 149 pp. 2 ],1. Price

146. Bibliography and Index of North Annrican (ieolngy, Paleontology, Petrology, and Miner-alogy for the Year 189.5, by F. B. Weeks. 1896. 8. 130 pp. Price 15 ccnt^
io„.\

,

ana Miner

*• ,. ^^7' ^;"'^'l"'il«'s in California in 1895, by Charles D. Perrine, Assistant Astronomer in Char<re
ot liarthquake ObservatKms at the Lick Observatory. 1896. 8'^. 23 pp. Price 5 cents

'

148. Analyses of Rocks, with a Chapter on Analytical Methods, Laboratory of the United .StatesGeological .Survey, 1880 to 1896, by F. W. Clarke and W. F. Hillebrand. 1897 8'-^ 306 no Pricn
20 cents. '

' ' '

'

149. Bibliography and Index of North American Geology, Paleontology, Petroloo-y and Mineralogy for the Year 1896, by Fred Houghton Weeks. 1897. 8-. 152 p],. Price 15 cents"
IpO- The Educational Series of Rock Specimens collected and distributed bv the United StatesGeological Survey, by Joseph Silas Diller. 1898. 8^^. .398 pp. 47 jd. Price 25 cents

Vnun-Ivfi" '^ixQS^^T
''

lio*'"'^":,'-
'fyPl^'.-as of the Texas Region, by R. T. Hill and T. WavlandVaughan. 1898. 8-. 139 pp. 2:i ])1. Price 15 cents.

,ono ^1?- '^£''*^'''og'>e of the Cretaceous and Tertiary Phmts of North America, by F. H Knowltou .

1898. 0^. 247 pp. Price 20 cents.

,ono ^B-
^j^i'^'iogniphic Index of North American Carboniferous Invertebrates, by Stuart Weller

1098. 8". bo,i ])p. Price 35 cents.
.

154. A Gazetteer of Kansas, by Henry Gannett. 1898. 8-. 246 pp. 6 pi Price -^O cents
• r..

^•'''' E.^j;t'>'l'"i'^''f ill California in 1896 and 1897, by Charles D. Perrine, Assistant Astronomer
111 Charge ot Earthquake ( ibseivations at th.- Lick Observatory. 1898 8- 47 pp l-rif.e 5 cents

l.D6Bibliograi,hy and Index of North American Geology, Paleontology, Petrology, and Miner-alogy h>r the Year 1897, by Fred Houghton Weeks. 1898. 8^. 130 pp. PrTce 15 cents

+ ., ^w /?'"
u"n*'^^®i,£'^'^o'^,''"''^''?'***'

'""' Associated Rocks of Southeastern Minnesota, bv Chris-to]iher Webber Hall. 1899. 8^\ 160 pp. 27 pi. Price 45 cents.
.vv-uns

'r 1 1 ^°hJ}''i^"^"'','-^'^
of Southeastern South Dakota and their Attendant Deposits, bx- .Tames EdwardloU<i. 1899. 8. 1/1 pp. 2/ pi. Price 25 cents.

io,> ^'^^A ^i""'
ideology of Eastern Berkshire County. Massachn.setts, by B. K. Emerson. 1899 8^

139 pp. 9 pi. Price 20 cents. « u .

n If*^' ^*oo''"io"'*!^i-"*'
•^lt't.'"le8 iu the United States (Third Edition), compiled by HenryGannett. 1899. 8°. 775 pp. Price 40 cents.

'"^"'-^

^fv l?^'
^.^'f'^'1"»^«^8 .i" California in 1898, by Charles D. Perrine, Assistant Astronomer in Char-eofEarthquakeOlKservationsatthe Lick Obscrv.atory. 1899. 8J. 31 pp 1 pi Pric^ 5 cents

, l^-Vi'^'''^'°"';'Jno'','''"'l,
^'"^'''' "^ ^''''''' A'-ierican Geology, Paleontology, Petrology and Miner-alogy lor the Tear 1898, by Fred Boughton Weeks. 1899. 8^ 163 pp. Prfce 15 cents

163. llora ot the Montana Formation, by Frank Hall Kuowlton. 1900. 8". 118 pp. Price 15

161. Reconnaissance iu the Rio Grande Coal Fields of Texas, by Thomas Wayland Vau.-haninclnding a report on Igneous Rocks from the San Carlos Coal Field, by E. C. E. Lord 1900" So'
100 pp. 11 pi. and maps. Price 20 cents.

.i^^. o.

lonn ^so
<^^o"f''"iti"°s to the Geology of Maine, by Henry S. Williams and Herbert E. Gregory.

19011. 8^. .:ilJ pj). 14 pi. Price 2o cents. " •

166. A Gazetteer of Utah, by Henry Gannett. 1900. 8-. 43 pp. 1 map. Price 15 cents
Ibi. Contributions t^i Chemistry ami Mineralogy from the Laboratory of the United StatesGeological.Suryey, Frank W.Clarke, Chief Chemist. 1900. 8". 166 pp. Price 15 cents

* 1 ,; 1 , ;,-\??^?'' ,^°'''^^' Laboratory of the United States Geological Survey, 1880 to 1899tabulated by F.W.Clarke, Chief Chemist. 1900. 8-. 308 pp. Price 20 cents.
"" xosa,

169. Altitudes in Alaska, by Henry Gannett. 1900. 8-. 13 pp. Price 5 cents
In preparation

:

170. Idaho-Montana Boundary Line, bv Richard Urquhart Goode.— Bibliography and Catalogue of the Fossil \'ertebrata of North America, by Oliver Perry Hay.



VIII ADVERTISEMKNT.

WATER-SUPPLY AND IRRKIATION PAPERS.

By ;ict of Coiifjri'ss iiiiproveil .June 11, 1890, the following provision \va.s raaile:
•' rrochhiJ, TUat liereaftm- the reports of tho Geolojjical Survey iu relation to the };anj;ing of

streams and to tlie methods of utilizing the water resources maybe prin ed in octavo form, not to

exceed one hun<lred pa^'es iu length and live thousand eopies in nunilii-i-; one tlionsand copies of wliich

shall be for the oHii-ial nsr of the (Jcoiogical Survey, one thousand ti\c liuudred copies shall be deliv-

ered to the Senate, and two thousand five hundred copies shall be delivered to the Hou.se of Repre-
sentatives, for <listriliution."

Under this law the following papers have been issued

:

1. Pumping Water for Irrigation, by Herbert M. ^'ilson. 1896. 8°. 57 pp. 9 pi.

2. Irrigation near Phienix, Arizona, by Arthur P. Davis. 1897. S°. 97 pp. 31 pi.

3. Sewage Irrigation, by (jeorge W. Rafter. 1S97. 8'-\ 100 ))p. 4 ])1.

4. A Recounoissauce in .Southeastern Washington, by Israel Cook Russell. 1897. 8°. 96pp. 7 pi.

5. Irrigation Practice on the Great Plains, by Elias Brans(Ui Co wgill. 1897. 8^. ,'^9 pp. 12 pi.

6. Underground Waters of Southwestern Kansas, by Erasmus Ha worth. 1897. X-. 65 pp. 12 pi.

7. Seepage Waters of Northern Utah, by Samuel Fortier. 1897. 8". 50 pp. 3 pi.

8. Windmills for Irrigation, by Edwaid Charles Murphy. 1897. 8'^. 49 pp. 8 pi.

9. Irrigation near (Jreeley, Colorado, bv David lioyd. 1897. 8°. 90 pp. 21 pi,

10. Irrigation iu .Mesilla\'allev, New Mexico, bv F. C. Barker. 1898. 8'^. 51pp. U pi.

11. River Heights for 1896, by'Arthur P. Davis." 1897. 8^. 100 pp.
12. Underground Waters of Southeastern Nebraska, by N. H. Darton. 1898. 8*^. 55 pp. 21iil.

13. Irrigation Systems in Texas, i>y William I-'erguson Hutson. 1898. 8 \ 67 pp. 10 pi.

14. NewTests of Pumps and Water-Lifts used in Irrigation, by O. P. Hood. 1898. 8-. 91pp. Ipl.

15. Operations at River Stations, 1897, Part I. 1898. 8-. 100 pp.
16. Operations at River Stations, 1897, Part II. 1898. 8^. 101-200 pp.
17. Irrigation near BakersHeld, California, by C. E. Grunsky. 1898. 8\ 96 pp. 16 pi.

18. Irrigation near Fresno, California, by C. E. (irunsky. 1898. 8". 94 pp. 14 pi.

19. Irrigation near Merced, California, by C. E. Grunsky. 1899. 8-. 59 pp. 11 pi.

20. Experiments with Windmills, by T. (). Perry. 1899. «^. 97 pp. 12 pi.

21. Wells of Northern Indiana, by Frank Leverett. 1899. 8^\ 82 pp. 2 pi.

22. Sewage Irrigation, Part II, by George W. Ralter. 1899. 8=. 100 pp. 7 pi.

23. Water-Right Problems of Bighorn Mountains, by Elwood Mead. 1899. 8^. 62 pp. 7 pi.

24. Water Resources of the State of New York, P.art I, by G. W. Rafter. 1899. 8°. 99 pj). 13 pi.

25. Water ResourcesoftheStateof New York. I'artll, by'.;. W. Rafter. 1899. 8'-'. 101-200pp. 12pl.

26. Widls of Southern Indiana (Continnatiim of No. 2i), bv Frank Leverett. 1899. 8-. 64 pp.
27. Operations at River Stations, 189K, Part I. 1899. 8*^. 100 pp.
28. Operations at River Stations. 1898, Part II. 1899. 8-. 101-200 pp.
29. Wells and Windmills in Nebraska, by Erwin H. Barbour. 1899. 8'-. 85 pp. 27 pi.

30. Water Resonrcesof the Lower Peuinsulaof Michigan, by .\lfredC. Lane. 1899. 8-. 97pp. 7pl.

31. Lower Michigan Mineral Waters, by Alfred C. Lane. 1899. 8-. 97 pp. 4 pi.

32. Water Resources of J'uerto Rico, by Herbert M. Wilson. 1899. 8-'. 48 i>p. 17 pi.

33. Storage of Water on Gila River, Arizima, by .Joseph B. Lippiucott. 1900. S-'. 98 pp. 33 jtl.

34. Geology and AVater Resources of SE. South Dakota, by . J. E.Todd. 1900. 8-'. 34 pp. 19 pis.

In preparation:
35. Operations at River Stations, 1899, Part 1.

36. Operations at River Stations, 1899, Part II.

37. Operations at River Stations, 1899, Part III.

38. Operations .at River Stations, 1899, Part IV.

39. Operations at River Stations, 1899, Part V.

TOEOGRAPHIC MAP OF THE UNITED STATES.

When, in 1882, the Geological Survey was directed by law to make a geologic map of the United
States there was in existence do suitable topographic map to servo as a base for the geologic map.
The preparation of such a topographic map was therefore immediately l)egnn. About one-fifth of the
area of the country, excluding Alaska, has now been thus mapped. The ma)) is published in atlas

sheets, each sheet representing a small i|uadrangular district, .'is explained under the next head-
ing. The separate sheets are sold at 5 cents each when fewer than 100 copies are purchased, but when
they are ordered in lots of 100 or more copies, whether of the same sheet or of dirt'erent sheets, the

price is 2 cents each. The mapped areas are widely scattered, nearly every State being represented.

About 900 sheets have l)eeii engraved an<l printed; they are taliulated by States iu the Survey's

"List of Publications," a pamplilet which may be had on application.

The map sheets represent a great variety of topographic features, and with the aid of descriptive

text they can be used to illustrate typographic forms. This has led to tho jMojectiou of an educational

series of topognaphic folios, for use wherever geography is taught m high schools, academies, and
colleges. Of this series the first folio has been issued, viz:

1. Physiographic types, by Henry (iannett, 1898, folio, consisting of the following sheets and 4

pages of descriptive text: Fargo (N. D.ak.-.Miun.), a region in youth; Ch.arleston (W.A'a.),a region in

maturity ; Caldwell ( Ivans, i, a region in old age ; Palmyra ( Va. ), a rejuvenated region ; Mount Shasta,

(Cal. ), a young volcanic mountain ; Eagle ( Wis.), moraines ; Sun Prairie ( Wis. ), drumlins ; Donaldson-
ville(La.'). river II 1 plains; Boothbay (Me.), a fiord coast; Atlantic City (N. ,1.), a barrier-beach coast.

2. Physiographic types, by Henry Gannett, 1900, folio, consisting of the following sheets and 11

pages of descriptive test: Norfolk (Va.-N. C), a coast swamp; Marshall (Mo.), a graded river;
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Lexington (Nebr.), an overloaded stream; Harrisburg (Pa.), Appalachian ridges; Poteau Monntain
(Ark.-Ind. T.), Ozark ridges; Marshall (Ark.), Ozark Plateau; West Denver (Colo.), hogbafks;
MouHt Taylor (N. Mex.), volcanic peaks, plateaus, and necks; Cucamouga (Cal.), alluvial cones;
Crater Lake special (Greg.), a cratei'.

GEOLOGIC ATLAS OF THE UNITED STATES.

The Geologic Atlas of the United States is the final form of publication of the topographic and
geologic maps. The atlas is issued in jiarts, progressively as the surveys are extended, and is designed
ultimately to cover the entire country.

Under the pl.an adopted tlie entire area of the country is divided into small rectangular districts
(designated i/Hn.rfraH.f/?es), bounded by certain meridi.-ins and parallels. Tlic unit of survey is also the
unit of publiCMtiou, and the maps and descriptions of each rectangular district are issued as a folio of
the Geologic Atlas.

Each folio contains topographic, geologic, economic, and structural mai)S, together with textual
descriptions and explanations, and is designated by the name of a principal town or of a prominent
natural feature within the district.

Two forms of issue have been adopted, a "library edition'' and a "field edition." In both the
sheets are bound between heavy paper covers, but the library copies :ire permanently bound, while
the sheets and covers of the field copies are only temporarily wired together.

Under the law a copy of each folio is sent to certain public liliraries and educational institu-
tions. The remainder are sold at 25 cents each, except such as contain an unusual amount of matter,
which are priced accordingly. Prepayment is obligatory. The folios ready for distribution are listed
below.

Name of sheet State. Limitiug meridians. Limiting parallels.' square
miles.

Price,

30

31

32

33
34
35
36
37

Livingston

Einggolfl ..

Montana...
/Georgia
\Tennessee

.

Placerville California.

.

Kingston I Tennessee .

Sacramento I California..
Chaltanooga

l
Tennessee .

Pikes Peak (out of slock) .

.

Sewauee
Anthracite-Crested Butte .

Harpers Ferry

Jackson .

Estillville .

Fredericksburg

.

Staunton

Lassen Peak-

ICnoxville

Colorado
Tennessee
Colorado
[Virginia
< West Virginia..
(Mai-yland
C-llifornia
{Virginia
Kentucky
Tennessee
/Maryland
\ Virginia
/Virginia
\West Virginia..
California

I (Tennessee
(North Carolina .

Marysville California
Smartsville California

[Alabama..
Stevenson i< Georgia...

I

[Tennessee
Cleveland Tennessee
Pikeville 1 Tennessee
McMinnville Tennessee

Nomini |^I.»''\>"n<'

IVirginia
Three Forks " '

Loudon

Pocaliontaa

.

MorriBtown.

Piedmont...

Montana
Tennessee
/Virginia
iWest Virginia .

,

Tennessee
/Maryland
(West Virginia..

Nevada City

.

/Yellowstone
tional Park,

Califo

AVyoining .

(Nevada Citv.)
..•^ Grass Vallev.
(Banner Hili .1

(Gallatin ..]
Na- ) Canyon...

(

(Shoshone,
f

(Lake
\Pyramid Peak I California

Franklin I|^,''-g;>'l? -.•. •-

|\vvest \ irginia

.

Bricevillc Tennessee
Buekliannon

[
West Virginia

Gadsden Alabama
Pueblo .Colorado
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