Bulletin No. 206 . Series C, Systematic Geology and Paleontology, 60

DEPARTMENT OF THE INTERIOR
UNITED STATES GEOLOGICAL SURVEY

CHARLES D. WALCOTT, DIRECTOR

’

ASTUDY

- FAUNA OF THE HAMILTON FORMATION
OF THE CAYUGA LAKE SECTION:
IN CENTRAL NEW YORK.

BY

HERDMAN FITZGERALD CLELAND “'

WASHINGTON
GOVERNMENT PRINTING OFFICE

1903



gk



CONTENTS. oo
: . : . Page.
Letter of transmittal, by Henry S. Williams_ .. .. _______._ .. .. __._ 7
Introduction, by Henry S. Williams ... ... ... 9
Preface . e e 1
Chapter I.. General description and gene1 al geology of Cayuga Lake region. 18
General description.. ... ... __ ... . .. e e e 13
General Ge0lOgy — oo .o 14
Thelake section. .. . .. ... 14
Hamilton formation - ....._. ... . ... ... e 14
Encrinal beds ... ... __._. S U 15
Concretionary layers. ... .o.. . 15
Jointing ... i i 1B
Tully- fold - .l el . 15
Chapter II. History of the Hamilton formation ... ___.._...._._..._._._._. 17
MeCIUTe. o oo ool 17
T o « 17
Werner .. .l 17
" Early attempts at correlation_ ... . . ________ . _________. 17
Search for coal . .. 17
Conrad and Hall. ... ...l e 18
Verneuil’s correlation_ . . _____ .. . o ___. 19
Renevier’s correlation . ... .. ... 19
Williams’s correlation _ ... .. L., 19
South American Hamilton . ____ ... ... ... ... ... ... ... 19
Chapter III. Descriptions of the fossiliferous zones ... ... .._..__.._.____ 20
Hamilton-Onondaga (Corniferous) zone - ... . . _______.__.__.. 20
First Leiorhynchus zone (Marcellus shale) - .. ... ... ... _ ... ... 22
Second Leiorhynchus zone - ... ... . 23
First Terebratula zone (Basal limestone of Clarke) . . ________. . ___.___ 23
Third Leiorhynchus zone ... ... .o i, - 25
Michelinia zone (provisionally) ... ... . ... ...... © 25
Chonetes vicinus zone__:__...._._._.._. R 26
(Transition zone) . . . . e e 26
First Cypricardella belhstna.ta-Athyns spiriferoides zone _._____.__._. 26
Tellinopsis zZone . . ... e S 26
Second Cypricardella ballistriata-Athyris spiriferoides zone .. ... __.___. 27
Second Terebratula zone (Encrinal beds)_ .. ...__. e 27
Orthonota zone - ... ... il 27
(Transition zone) ... ___.______ _.o........... e e 28
Chonetes z0me - - .. . e, 28
First Amboceeliazone .. ._..__ ... ... ... ... e 28
Chonetes lepidus zone (rather barren shales) - ... .. ... ..___. 28



4. . ~ OONTENTS.

Chapter ITI, Description of the fossiliferons zones—(‘ontmued
Second Amboceelia zone . ... ... ...
Stropheodonta-Coralline zone_ ... ... . ool Ll
Modiella pygmeea zone . .. oo oo e
Amboceelia prasumbona zone. - - . ... ...
Orbiculoidea or modified Leiorhynchus zone.... ... _________.__.._._.
(Transition zone) ... .. e
Spirifer-Atrypa zone..._...... e e e e e e
Cystodictya zone. - ... el e
Explanation of diagrams on PL. V ________ . ... ...
Chapter IV. Annotated list and classification of species found in the
Hamilton formation of the Cayuga Lake section_________._______.______
Coelenterata_ ___ ___ el

C BIYOZOQ - e
Brachiopoda.-
MOIUSCA -~ - o oo e e e
PelecyPoda - - oo oo L
Gasteropoda. - .. ..ol
Cephalopoda. ... .. .
Arthropoda._ ... i
Crustacea - o . i meiaeeanl

Plantee ... _ ... ... ... e S e
Chapter V. Comparison of the Cayuga Lake section with other sections of
the Hamilton formation. . .. ..
Basal limestone . ... .. ..... .
Encrinal beds . . . e
Gastelopoda____..-.-.-._--_-.----_____
Use of the terms *‘ upper ’’ and ¢ lower >’ Hamilton faunas
Explanation of diagram, fig. 3.
Chapter VI. Conclusions. ... ........... . oo .
Chapter VII. Bibliography of literature used in preparation of this paper._
Appendix. Table showing vertical distribution of faunal zones, with their
contained fa.unules in the Hamilton formation of Cayuga Lake, New
York

29
29
30
30
30
31
31
31
32

35
35
35

"88
39
39
39
40
59
59
73
w
79

.79
82

83
83
84
85
86
87
89
92



ILLUSTRATIONS.

Prate 1. Geologic map of Cayuga Lake region . ... .____ O
II. Jointing in the Upper Hamilton shales at Shurger Glen (fall over

the Tully limestone) _ ... . s )

IIT. A, Tullylimestone south of Shurger Glen; B, Encrinal beds show-
ing dip to the south, south of Shurger Glen.____.____________.

IV. Alternation of impure limestones and shales above the Onondaga
beds at Union Springs __ . ...

V. A4, Diagram showmg the relative abundance of Pelecypoda and
Brachiopoda in the Cayuga Lake section; B, Diagram showing

the relative abundance of 1nd1v1duals and species in the Cayuga

Lake 86CHON . _ .. ..

F1a. 1. Cayuga Lake section ..___.__.__._.. U
2. Zones in Cayuga Lake section ___ . . . ... ...
3. Diagram showing the distribution of fossils of the Hamilton forma-
tion throughout New York State . .. ... . o ceeaeoao .

20

32
14
21

87






LETTER OF TRANSMITTAL.

: YALE UNIVERSITY,
i New. Haven, Conn., June 23, 1902.
Sir: I have the honor to transmit herewith, for publication as a bul-
letin of the United States Geological Survey, the manuscript of a paper
entitled A Study of the Fauna of the Hamilton Formation of the
Cayuga Lake Section in Central New York, prepared at my suggestion
-by Herdman Fitzgerald Cleland.
Respectfully, yours, HENRY SHALER WILLIAMS,
: Gleologist and Paleontologist.

" Hon. CHARLES D. WALCOTT,
Director of United States Geological Survey.






INTRODUCTION.

By HENRY SHALER WILLIAMS.

The following paper is a contribution to the knowledge of the fossil -
faunas of the Devonian of the United States. It was begun by Mr.
Cleland as a piece of research work .in the course of study for the
doctorate degree at Yale University, and was used as a thesis in
taking the degree of doctor of philosophy in June, 1900. During the

- summer of 1901 some additional work was put on it, based upon more
extended field work. : '

The value of the investigation consists chiefiy in the statistics it
furnishes as to the approximate composition of each of the successive
faunules making up the total fauna occupying the Hamilton forma-
tion of central New York. In it account is given of the species
obtained in a careful and full examination of every foot of the sec-
tion from the top of the Onondaga {Corniferous) limestone to the base
of the Tully limestone, both of which are well marked: in the Cayuga
Lake section, thus constituting definite limits for the I-Iamllton for-
mation of this particular region.

All the fossiliferous zones (seventy-six in number) were excnmned
and upon analysis of the faunules of each zone those which were so
closely alike as to signify practically the same set of species, associated _
in the same biological equilibrium of relative abundance, were grouped
together, constituting in all twenty-five separate faunules. These
may properly be described as the faunules of the twenty-five suc-
cessive hemers into which the Hamilton epoch of this section may be
distinguished by its fossils. These faunules are associated with more
or less definite changes in the character of the sediments in which
they were buried. The separate divisions of the formation thus
1ecogn1zed by slight differences in faunal composition as well as in
lithologic constitution may be called zones. The Hamilton formation,
its fauna, and the particular section here studied are well known to
paleontologists, so that the species can be easily recognized and
listed. In making the collections special attention was given to the
discovery of the relative abundance of the species found associated
together in each rock stratum. Direction was given to collect the
fossils as near as possible in the proportion of numbers presented by
the natural occurrence in the rocks. Instead of attempting to dis-

9



10 INTRODUCTION. [BULL. 206,

cover rare species, the purpose was to let the preserved collection
represent as perfectly as possible the natural proportion of associa-
tion. The working up of the collection was made to express this
natural proportion expressed by the species.

The identification of species is probably always affected more or
Jless by personal judgment. In order to make the statistics of the
greatest relative value, therefore, no attempt was made to criticise
these personal elements in the author; and while it is probable that
another worker dealing with the same specimens would not reach
absolutely identical listing of species, it is probable that the errors, if
any, from inaccuracy of specific identification are so small relatively
as to not disturb the statistical value of the facts recorded. Further
and more exhaustive search, also, may be expected to considerably
modify the statistics here given; but even this fact does not detract
from the value of those here recorded: The more refined the analyses
become the more perfect will be our knowledge of faunal composi-
tions. The present investigation is a step in the direction of attain-
ing the fullest possible perfection in recording faunal statistics, and
in making these faunal analyses as perfect as they can be made,
toward which end the contributions of many workers will be needed.
With such statistics in hand we may hope to understand better the
laws of evolution as affected by and related to the varying conditions
of environment and time. , ‘

It will be noticed that the thickness of the Hamilton, as measured
by Prosser in the Ithaca well, is 1,224 feet—that is, between the top of
the Onondaga (Corniferous) limestone and the base of the Tully lime-
stone. The exact thickness was not determined by the author. The
reason for this is that the great thickness and similarity in the charac-
ter of the rock of Zones B and C made the accurate measurement of
these zones impossible. This is shown in the section (fig. 2) by broken
lines. Nevertheless it is believed that the discrepancy does not
affect the accuracy of the succession of the fossiliferous zones
recorded in this paper. Attention is here called to the fact in order
to show how difficult it is to make exact correlation for short dis-
tances when the sediments are of similar composition and structure
and the general fauna is the same. For the purpose of ascertain-
ing the exact thickness of each zone, a continuous section is neces-
sary, but a long series of shorter sectiomns, where the dip is slight,
offers the advantage of a greater number of exposures of the rocks for
the collection of the fossils. It is hoped that the present sample of
what can be done in the way of an historical study of a fossil fauna
may inspire other workers to make similar studies of the rocks in their
own localities for comparison and demonstration of the geographical
as well as the geological modifications of fossil faunas.



PREFACE.

The material for this study was collected during three months of
" the summer of 1899 and during May, 1901, from the Hamilton formation
exposed along the east side of Lake Cayuga and the west side of
Seneca Lake. Commencing at the Onondaga (Corniferous) limestone,
an attempt was made to collect the complete faunule from each zone
throughout the entire Hamilton formation up to the Tully limestone.

In the identification of the fossils the principle has been followed
that unless absolutely necessary no new species or varieties should be
described, but that all doubtful specimens should be referred to
species already figured.

The writer is indebted to Prof. H. S. Williams for many helpful
suggestions concerning methods of work.

1






A STUDY OF THE FAUNA OF THE HAMILTON FORMA-
TION OF THE CAYUGA LAKE SEGTION IN CENTRAL
NEW YORK

By HERDMAN FITZGERALD CLELAND,

CHAPTER I.

GENERAL DESCRIPTION AND GENERAL GEOLOGY OF CAYUGA
LAKE REGION.

GENERAL DESCRIPTION.

The region studied is about 70 miles west of the ¢enter of New
York State, and extends across about one-third of the State from
north to south, the center of the region being nearly in the center of
the north-south line. Cayuga Lake, along the east side of which the
material for this study was collected, is one of the so-called ¢ finger
lakes” of the State, and, with its outlet, forms the boundary between
Seneca and Cayuga counties.

Ini the western two-thirds of the State the strata st)i’ike in an east-
west direction and dip to the south. .Because of this southerly dip
it is possible for one to see a large part of the Paleozoic section in a
comparatively short distance -in passing from north to south. The
Cayuga Lake region itself embraces all of the formations between and
including the Salina and the Ithaca. :

This region is overlain by glacial drift, which hides the rock, except
where worn away by erosion. Almost every stream that enters the
lake has cut a deep gorge through the drift and into the shale, mak-
ing excellent exposures. The gorges thus formed often have banks
of shale 100 feet or more in height. In all of these creeks there are
from one to four falls, the highest of which are caused by four strata
of limestone and the hard sandstones or flags of the Portage. A
description of Shurger Glen, about 5 miles from the south end of the
lake, will, in a general way, answer for all the streams flowing into
the lake, the only difference being that the streams farther down the
lake do not flow over the Tully hmestone, Portage sandstone ete.,

13
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and consequently have fewer falls. In Shur-
ger Glen there are four sets of falls. The
first, nearest the lake, about 30 feet high, is
caused by the Encrinal beds (limestone); the
second, by a hard shale; the third, by the
Tully limestone; and the fourth, by the
Portage. In Paines Creek near Aurora the
Tully and Portage have been eroded away,
leaving the Encrinal and the hard calcare-
ous shales of Zone D at Moonshine to form
the fall. In the creeks at Farleys the upper .
hard limestone capping the Marcellus shale,
Zone B, forms the falls. '

GENERAL GEOLOGY.
The lake section.—In traveling from the

village of Cayuga to Ithaca one passes over

and can collect from, (1) the Eurypterus beds
(Rondout limestone or Waterlime), (2) black
gypsum (probably Rondout limestone), (3)
Stromatopora beds (Manlius limestone®),
(4) Oriskany sandstone (this formation has
amaximum thickness here of 4 feet 10 inches
and thins out to nothing in less than a mile,
leaving the Onondaga (Corniferous) in con-
tact with the Lower Helderberg), (5) Onon-
daga limestone, (6) Marcellus shales, (7)
Hamilton shales and impure limestones, (8)
Tully limestone, (9) Genesee shale, (10) Port-
age shales and sandstones. (See fig. 1.)

For the purpose of this paper it will not
be necessary to speak more fully of any of
the formations mentioned above, with the
exception of the Hamilton.

Hamilton formation.—The description of
the shales and limestones of the Hamilton
formation is given in detail in the descrip-
tion of the different zones which make up
this formation. In general it may be said
that the Marcellus shales immediately above
the Onondagalimestone (where they are very
black and fine) alternate with eight or ten -
layers of impure limestone for a distance
of 10 feet. The shale becomes harder and

mation; b/, imestone of zone D; Sandy toward the top and closes with a very

b”, Encrinal beds; C, Tully lime-
stone; D, Genesee shale; E, Port-

age; F, Ithaca.

hard, impure limestone. The Marcellus, as
a Memoir New York Mus,, Vol. I1I, No. 3, Oct., 1900, pp. 8-9.
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CLELAND.] . GENERAL GEOLOGY. 15

shown by a recent well horing, is 81 feet thick. Above this limestone
are the shales of Zone C, several hundred feet thick, which are very
soft, with occasionally a harder, more calcareous, or sandy layer, and
several courses of concretions. The thick, immpure limestone or hard
calcareous shale, Zone D, which overlies the soft shales of Zone C, is
very marked because of its hardness and richness in fossils. Immedi-
© ately above this zone and in contact with it is a layer of shale 50 feet
thick, as fine and black in the lower part as the Marcellus shale.
Above this the calcareous Hamilton shales continue to the Encrinal,
becoming somewhat harder as the Encrinal is approached.

Encrinal bed.—The Encrinal is a crystalline limestone about 1%
feet thick. Above this the Upper Hamilton or Moscow shales extend
to the Tully limestone. The Upper Hamilton shales vary greatly in..
hardness and faunal combination.

Concretionary layers.—Concretions appear not far from the Encrinal
beds. These concretionary layers are at first shaly, but in the Cayuga
Lake section become progresssvely more calcareous as the Tully lime-
stone is approached.

The persistence of the concretionary layers was observed for some
distance. One course, which contained Letorhynchus lauwra and Orbi-
culoidea lodiensis nedia (Zone V), was observed .at Shurger Glen,
Lake Ridge, and King Ferry, a distance of 12 miles. These con-
cretions could not be identified in the Seneca Lake section.. The

"thin layer of limestone under the Tully, included in Zone Y, was"
noted at these places also. Both the limestone layers and the fossils
of Zone Y were wanting in the Seneca Lake region. Zone H at King
Ferry, containing small upright concretions, with a characteristic
fauna, was found also in Paines Creek, 5 miles north. The extent of
the Encrinal beds and hard calcareous shales of Zone D is spoken of
in another place (pp. 82-83).

Jointing.—The jointing of the rock in this whole region is excep- -
tionally well developed. - The joint planes have a direction of N. 20°-
30° W. and S. 5°-15° E., and are almost vertical. (See Pl IL)
This jointing accounts, in large measure, tor the perpendicular faces
of the falls and cliffs which are so noticeable in this region.

Tully fold.—As one goes up the lake from Union Springs the gen-
eral dip of the rock to the south is very noticeable, the different strata
continuing for some distance and then disappearing under the lake.
Using the Tully as a reference plane,® it was found that from King
Ferry to Lake Ridge the strata descend about 45 feet to the mile. " To
the south the Tully limestone takes a horizontal position and remains
a little above lake level for about 3 miles. It there rises into an arch
over 6 miles long, with its highest point at least 235 feet abovethe
lake. From this point south the dip is very rapid, varying from a

aDip of rocks in central New York, by §. G. Williams: Am. Jour. Sci., 3d series, Vol. XX VI,
1883, pp. 303-805. .
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maximum of 400 feet to the mile, the average being 110 feet.
Vanuxem @ noticed this fold, and explained it as an apparent but not
areal fold, reasoning that since the strata dipped southward the bend
of the lake to the east would cut into the strata and give the appear-
ance of a fold. The direction and amount of dip of the strata are
such that the bend in the lake could not alone have produced such an
arch, although it undoubtedly had some effect. The folds along
Seneca Lake and the fault in the outlet of Keuka Lake, which are in
a west-of-north direction from the ‘CayugaA Lake arch, point to the
explanation that this whole region suffered a lateral pressure suffi-
cient to crumple the strata, thus forming a long fold of which the arch
at Cayuga Lake and the undulations in the strata at Seneca Lake are
a part. The impure limestone of Zone D is so folded that the creek
cuts through it twice before it reaches the fall at Moonshine. In Big
Gully Creek the limestone which caps the Marcellus shales is cut
through by the stream before it reaches the fall; it also makes a fold
to the south, forming falls in two small streams. ’

The fact that the region is not faulted, that the folds are easily
seen, and that the creeks cut through the glacial drift into the shales,
makes the collecting especially easy, and reduces to the minimum the
" liability to error in locating the horizons in different sections. The
difficulties in the way of making accurate measurements with the
instruments at hand were such that all measurements given are only
approximate.

aGeology of New York. Survey of the third district, 1842,
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JOINTING IN UPPER HAMILTON SHALE AT SHURGER GLEN.

The stream falls over Tully limestone.



CHAPTER II.
HISTORY OF THE HAMILTON FORMATION.

McClure.—The- first ‘American geologist, William McClare, pub-
lished a geological map of the United States in the Transactions of
the American Philosophical Society in 1809. In this map ‘‘he struck
.out the ground outline of geographical geology.”¢ The line separat-

ing the *‘Primitive rocks” from the *‘Floetz, or secondary,” followed
the Oneida and Mohawk rivers of New York to the Hudson River.
All the country between the Alleghenies and a line running north
and south through the western boundary of Arkansas, with the
exception of a narrow strip along the Gulf of Mexico, is marked as
Floetz, or secondary, and embraces, in a’ (feneral way, the formations
from the Silurian to the Pleistocene.?

Eaton.—Amos Eaton after, for that time, considerable travel and
observation, published An Index to the Geology of the Northern
States in 1820, and later, under the patronage of Stephen Van Ren-
sellaer, made a geological survey of tlie district adjoining the Erie
Canal. These observations he published in 1824.¢-

Werner.—These pioneers in geology were followers of Werner, who
attempted to correlate the strata in America with those of Europe as
described by the German geologist. As Werner depended entirely
upon the lithological character of the strata for his correlations.(the
value of fossils in correlation not being known af that time) great con-
fusion resulted.

- Barly attempts at correlation. —Smce the Old Red sandstone of Eng-
land is a conspicuous formation, both McClure and Eaton took it asa
convenient reference plane. Eaton first corrvelated it with the Catskill
sandstone (Devonian) and the Triassic sandstone of the Connecticut
River. MecClure considered the Red sandstone of the Medina group
_ (Silurian) and the Triassic sandstone of the Connecticut River as the
equivalent of the Old Red sandstone of Europe. In 1824 Eaton con-
cluded that ‘“ the ‘Old Red sandstone’ rests on the Metalliferous gray-
wacke [Utica and Hudsen River group] and underlies the Millstone
grit” [Oneida conglomerate of the Medina group]; that is, that the
Old Red sandstone (Devonian) should be correlated with a portion of
the Medina sandstone, thus placing the greater part of the Upper
Silurian and the Devonian in the Carboniferous.

Search for coal.—After the decision was reached that the Red sand-
stone of the Medina was equivalent to the Old Red sandstone (Devo-

aIndex to the Geology of the Northern States, by Amos Eaton, 1820, p. vm
bTrans. Am. Philos. Soc., Vol. VI, 1809, pp. 411-428.
cGeological and Agrlcultura.l Survey of the District adjoining the E1 ie Ca,nal

Bull. 206—03 17




18 FAUNA OF HAMILTON FORMATION. [BULL. 206.

nian) of England which underlies the coal, Eaton expected to find coal
in some of the formations in the southern part of the State, and advised
the people who lived south of the Medina sandstone to dig for coal
wherever there were any indications. Eaton’s belief that what we now
know to be the Devonian was Carboniferous was strengthened by the
finding of thin layers of carbonaceous matter in what, from the locali-
ties me‘ntioned, must have been the Marcellus and Genesee shales.
This coal in very thin layers is occasionally found in these horizons.
Because of this advice a great deal of money was wasted in a vain
search for coal.

The different formations of the Devonian were not distinguished by
Eaton. The ‘““third graywacke” or ‘‘pyritiferous rocks” included
all the formations above the Onondaga. His description of this .
“rock” as a calcareous or siliceous gray rock, with aluminous cement,
either slaty or in blocks and rich in fossils, and the localities, the
end of Cayuga Lake and the south shore of Lake Erie, between its
eastern extension and Sturgeon Point, does not distinguish between
the different formations.  The Hamilton in the Cayuga Lake locality
was not included, as is shown by the fact that the Tully was mistaken
for the Onondaga (Corniferous) limestone.

Conrad and Hall.—In 1837 Conrad gave as the object of the New
York State survey the stratigraphical and economic study of the
various rock formations. The attention of his assistants was directed
to the ‘““mineral and fossil contents” of tl\ie rock, as the fossils. ‘ serve
to determine with much accuracy the geological age and character of
the strata.”

In 1838 Hall considered the rocks of western New York as belong-
ing to the Devonian and Carboniferous. His reason for believing
this, he says, rested chiefly on the study of the organic remains, espe-
cially of the vertical distribution of the trilobite.®

Conrad, in the same report, concluded that the rocks of New York,
with the exception of the Catskill, terminated with the Upper Ludlow
rocks of Murchison [Upper Silurian]. :

In the section along the Genesee River, given in the same report,
the shales between York and Mount Morris are marked as ‘‘limestone
shales.” This was one of the first attempts to separate the rocks

“above the Onondaga (Corniferous) in New York State into finer
divisions. '

In the Fourth Annual Report, 1840; Hall compared the fossils from
the New York strata with those of England and correlated the Cats-
kill with the Old Red sandstone [Devonian] of England; the Chemung
to Moscow shales [ Upper Hamilton ], inclusive, with the Upper Lud-
low rocks [Upper Silurian]; and the Ludlowville [Lower Hamilton]
and Marcellus shales with the Lower Ludlow rocks [Upper Silurian],
and adopted the name Ludlowville to show this correlation.

/\LJ‘/( ? 3 7 *  aSecond Ann. Rept. New York Geol. Survey, 1838, p. 291.
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The report of 1841 placed the Hamilton (called Sherburn group and
shales near Apulia) and Marcellus (called Black shale) in the Aymes-
try [Upper Silurian].  According to this correlation the ‘‘ Lower Lud-
low rock ” closed with the Onondaga (Corniferous) limestone. _

Vernewil's correlation.—In his concluding remarks on Verneuil’s
Parallelism of the Paleozoic Deposits of America with those of
Europe,® Hall says that the ‘‘line of demarcation between the
Devonian and Silurian is ati the base of the Upper Helderberg or at
the bottom of the Schoharie grit. Verneuil proposed to unite the
Marcellus shale, Hamilton shale, Tully limestone, and Genesee shale
in one division, and make the Portage and Chemung the second of
this period. He correlated the Chemung, Portage, Genesee, Tully,
and Hamilton with the formations of Eifel and Devonshire; the Mar-
cellus with the shales of Wissenbach in Nassau.

Renevier’s correlation.—In the second edition, 1896, of the T ableau

des Terrains Sédimentaires formés pendant des Epoques de la Phase
Organiquecdu Globe Terrestre, by Professor Renevier, the Marcellus
and Hamilton are taken together and considered to have been depos-
ited at the same time as the Tentaculites shales (lower part) of Thur-
ingia and Bohemia, Wissenbacher slates, and the schists ‘4 Phaeops
Potieri de Bretagne.” :

Williams’s correlation.—The line separating the Meso- and Eo-
Devonian in America was determined by Prof. H. S. Williams to be
at the base of the Tully limestone. Previously the Tully had been
included in the Meso-Devonian. The reason for this correlation is as
follows:? :

The conclusions we draw from this study of the faunas of the Cuboides zone
and the Tully limestone are that within narrow limits, geologically speaking, the
point in the European tinie scale, represented by the beginning of the deposition
of the Cuboides Schichten of Aix la Chapelle, etc., is represented in the New York
sections by the Tully limestone, and, second, that the representative of the fauna
of the Cuboides zone of Europe is seen in New York not only in the Tully lime-
stone, but in the shaly strata for several hundred feet above. Therefore, if we
wish to express precise correlation in our classification of American rocks, the
line between Middle and Upper Devonian formations should be drawn at the base
of the Tully limestone, to correspond with the usage of French, Belgian, German,
and Russian geologists, who include Frasnein, Cuboides Schwhten, and correlated
zones in the Upper Devonian.

The Meso-Devonian must therefore be consuiered as bounded above
by the Tully and below by the Onondaga (Corniferous).

South American Hamilton.—The sandstone of Erere in Brazil, a
portion of the Huamampampa sandstone of Bolivia, and a portion of
the formations of the Jachel River in central Argentina are correlated
with the New York Hamilton. These correlations were determined
chiefly by the presence of Vitulina pustulose. and Tropidoleptus
carinatus.

"aAm. Jour. Sci., 2d series, Vol. V, pp. 176-183, 356-870; Vol. VII, pp. 45-51, 218-231.
b Williams, Bull. Geol. Soc. America, Vol. I, 1890, pp. 481-500. -



CHAPTER III.-
DESCRIPTIONS OF THE FOSSILIFEROUS ZONES. .

The Hamilton formation, including the Marcellus shales, is in this
region, as shown by the Ithaca well section, 1,224 feet thick.® It is
bounded above by the Tully and below by the Onondaga (Corniferous)
limestone.

‘The Cayuga Lake section has been divided into twenty-five zones,
each zone having been determined by its contained fauna. When,
in working up the section, there seemed to be a change in the fauna °
or the character of the rock, a provisional division was made, the total
number of such divisions being seventy-six. Later, in working up the
material in the laboratory, it was found necessary to combine many
of these divisions, reducing the number to twenty-five.

The name of each zone is the name of the group, genus, or species
which seems especially characteristic of the faunule of that zone.
The name chosen is not necessarily that of the most abundant species
unless that species is, as far as our present knowledge goes, associated
with a definite group of fossils. TFor example, the three Leiorhynchus
zones have a faunal resemblance which can not be mistaken, although
in the first Leiorhynchus zone Leiorhynchus limitare is the charac-
teristic species, while in the other two zones the species is Letorhynchus
lowra. Ttis also true, that Leiorhynchus laura may be associated with
an abundance of Orbiculoidea lodiensis media, as in Zone V. In the
first and second Amboceelio. wmbonata zones a group of species occurs
which is often found associated together when Amboceelia wmbonata
is abundant. In every zone the fauna is more or less modified by
species from lower zones continuing on, and by local conditions, but
the essential character of the fauna is determined by the environ-
mental conditions.

A, HAMILTON-ONONDAGA (CORNIFEROUS) ZONE.

Stratigraphy.—This faunule at Cayuga Lake was found in a layer
2 inches thick, almost completely made up of poorly preserved fossils. *
The shale which held them together was composed of finely com-
minuted fossils, principally tentaculites. Between this zone and the
Onondaga (Corniferous) limestone are eight or ten alternations of
impure limestones and fine sooty shale, aggregating 12 feet (see

a Prosser, Am. Geologist, Vol. VI, 1890, pp. 199-211.
20 -
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ALTERNATION OF IMPURE LIMESTONES AND SHALES ABOVE THE ONONDAGA BEDS AT UNION SPRINGS.

Zone A: 1, Goniatite bed; 2, impure limestones and shales; 3, Onondaga limestone.
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PL'IV). - Two feet below this zone is a limestone layer (Goniatite
limestone), which is purer than any of the layers between it and the

Genesee
shale

Tull)/

liméstone
Zone Y Zone |
Zone X _
v Zone W ZoneC
| Zone V
- Zone'U > Zone H
Zone G
Zone T } Zone F
Por'rage ZoneE. .
Zone S
Zone D 1 Zone B
ZoneR
Zone A
Zone Q : Onondaga
limestone

F1G. 2 —~Zones in Cayuga Lake section.

Onondaga limestone. Below and above Zone A the shale is very rich
in Styliola fissurella and Tentaculites. '
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Faunule.—The faunule of this zone is a mixture of Onondaga and
Hamilton species, of which Brachiopoda make up the greater part.
It contains Chonetes mucronatus, Ambocalia wumbonata, Tropidoleptus
cartnatus, and other Hamilton species, together with Spirifer macrus,
Anoplotheca camilla, Chonetes lineatus, and Phacops cristata var.
pipa of the Onondaga. The absence of Chonetes coronatus and
Tropidoleptus carinatus below this level (12 feet above the Onondaga)
shows that the Hamilton must have been developed elsewhere for a
long period of time before the deposition of this zone. The fauna is
remarkable in that it -is not a transition between the Onondaga and
Marcellus, but between the Onondaga and Hamilton. Although all
the species mentioned, with the exception of Chonetes. coronatus,
have been found in the Marcellus, they are not characteristic of that
horizon, but most of them are the common fossils of richly fossilifer-
ous Hamilton zones.

A faunule of similar composition was found in an impure limestone
9 feet above the Onondaga limestone, at Livonia. This faunule con-
tained Anoplotheca cwmzlla associated with Hamilton and Onondaga
fossils.®

Locality.—South of Union Springs, 12 feet above the Onondaga.
Layer of gray shale 2 inches thick.

'B. FIRST LEIORHYNCHUS ZONE (Marcellus shale).

- Stratigraphy.—In the first creek south of Great Gully Creek, in the
bed of the stream near the mouth, and in the shale along the lake
shore south of this, flattened spherical concretions occur, many being
3 feet in horizontal and 14 feet in vertical diametér. No fossils were
found in them. '

The Marcellus shale closes with a hard, impure limestone, 44 feet
thick, which is very noticeable in the creeks in this vicinity, since it
forms falls wherever it occurs. It isimportant in this section, because
it makes a distinct line between the shaleq of the first and second
Letorhynchus zones.

With the exception of 2 feet of bituminous shales immediately
above Zone A, the Marcellus shales between Union Springs and Great
Gully Creek are covered. It is impossible to make an accurate esti-
mate of the thickness of this zone because of the folding of- the strata
in this region. At Union Springs the Onondaga is-folded, and at-
Great Gully Creek the limestone layer of the Marcellus is so folded
that it forms two falls. This same stratum folds to the south, mak-
ing the rise of ground south of Levanna. The well boring recently
made at Ithaca (1900) shows the fine black shale of the Marcellus to
‘be 81 feet thick. Itis probable, therefore, ‘uhat the total thickness is
between 80 and 100 feet.

Faunule.—The faunal combination of -this zone does not differ
materially from that of the second and third Letorhynchus zones with

aJ. M. Clarke, Forty-seventh Ann. Rept. N. Y. State Mus., pp. 327-352.



cLELAND] : FOSSILIFEROUS ZONES. 28

the exception of the replacement of L. limitare by L. laura. In the
- lower portion of the zone the shale is extremely fine, and the abun-
dance of Styliola and Tentaculites much greater than in the other
Leiorhynchus zones. The shales become coarser and the fossils more
abundant (with the exception of Tentaculites and Styliola) as Zone C
is approached. The fauna of the upper portion is espeecially rich in -
_ Orthoceratites. About 2 feet below the limestone is a nodular layer
extremely vich in Leiorhynchus limitare in an excellent state of
preservation. The shale for 24 feet below the limestone is very cal-
careous and coarse, but still contains L. lsmatare and its characteristic
fauna. '

A Leiorhynchus fauna has approximately the following composition:

Leiorhynchus i lftu]:‘a, . Leiopoteria lai?vis.
limitare. . Nuculites % triqueter,
s mucronatus, oblongatus.
. Chonetesl scitulus, Nucula corbuliformis.

lepidus. - Styliola fissurella.
(Orbiculoidea media). ) Tentaculites.
Strophalosia truncata. Phacops rana.
Lunulicardium fragile. ‘

Locality.—Near the mouth of the creeks between Levanna and
Farleys. The best exposure for the upper portion is in Great Gully
Creek; for the lower, the quarries south of Union Springs. :

C. SECOND LEIORHYNCHUS ZONE. '

Stratigraphy.—This zone is quite uniform in its lithological and
faunal characters with the exception of one layer of dark calcareous
shale about 15 feet above the Marcellus shale, which contains a greater
number of Phacops rana and Ambocelia wmbonate than is usual
elsewhere in the section. As a rule the shale is fine and seldom con-
tains more than eight or nine species to each 5 feet. Two courses of
concretions occur 70 feet below Zone D. Occasionally a harder layer
occurs; but, with the exception mentioned, the species do not change
with this slight change in sedimentation. The lower and upper por-
tions of this zone were worked more carefully than the middle portion.

Faunule.—This zone, which is several hundred feet thick, is very
' poor in fossils. The faunule is one which usually occurs in the fine
shales of the Hamilton stage where the conditions were not favorable
to a rich Hamilton faunule. The make-up of the fauna is given
under Zone B. This same faunule is reported from the Livonia
section.

Localities.—Paines Creek, south of Aurora, from Moonshine Falls
to the lake; Deans Creek, north of Aurora, from Goulds Falls to the
lake; Great Gully Creek, south of Union Spring, to the Marcellus
shale. - It is also finely developed in the Seneca Lake section.

D. FIRST TEREBRATULA ZONE (Basal limestone of Clarke).

Stratigraphy.—Because of its hardness, compared with the soft
shales above and below, this zone forms a fall in all of the creeks
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where it appears. Moonshine Falls, on Paines.Creek, and the fall in
Deans Creek, on the farm of James Gould, are from 80 to 40 feet high.
The rock is a hard calcareous shale, almost an impure limestone.
The fauna as well as the lithological character separates this zone
sharply from the shales above and below. Itis 25 feet thick in Paines
_ Creek.

Faunule.—The genera of this section are not, by any means, the
most common fossils in this zone; but since they are associated with
a peculiar combination of species, both here and at Eighteenmile
Creek, the name Terebratula has been used to designate that combi-
nation. The combination of species spoken of above is Cryptonella
planirostris, C. rectirostris, Meristella haskinst, Funella lincklent,
Sprrifer divaricatus, Vituling pustulosa, and in the Encrinal, in addi-
tion or by substitution, Centronella vmpressa. '

This is the first and only zone in which Heliophyllum halli appeared
in any numbers. The locality was, however, especially favorable for
collecting, on account of the great area of the zone exposed by the
folding of the strata and the consequent wearing away of the soft
upper shales in several places by the action of the water. One speci-
men of H. confluens was obtained from the Encrinal beds at Black
Rock, on Paines Creek, and one specimen of H. halli from a doubt-
ful locality in the Upper Hamilton. With these exceptions no speci-
mens of this genus were found above or below Zone D. Vitulina
pustulosa is common, and was found in the same abundance in the
Encrinal beds, but not elsewhere in the section. -

The shale of this zone is extremely fossiliferous. The total number
of species found was 84; of these, 32 are Pelecypoda, 33 Brachiopoda,
4 Gasteropoda, 3 trilobites, 3 corals.

Localities.—Paines and Deans creeks on the east side of Cayuga

Lake; Slate Rock Run on west side of Seneca Lake. D. F. Lincoln¢
reports it from Bentons Run, west side of Seneca Lake; north of
Days Landing; Reeders Creek; West Fayette station; 1 mile west of
West Bearytown; 1 mile southeast of Bearytown; Big Hollow Creek
east of Romulus. Clarke reports it from Canandaigua Lake and Flint
Creek. :

NoOTE.—This zone is well exposed in Slate Rock Run on the west
side of Seneca Lake. In this locality it is 15 feet thick and contains
a faunule very similar to that of the Cayuga, Lake region. The prin-
cipal difference noted was the .greater abundance of cyathophylloid
and Favosite corals. The common fossils of this zone in Slate Rock
Run are: 4 '

Heliophyllum halli, Eunella linckleni.
Cystophylum americanum. Rhipidomella vanuxemi.
Favosites. Crinoid stems.

Chonetes mucronatus. * . | Stropheodonta ingquistriata.

a Ann. Rept. State Geol. New York, 1884,
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E. THIRD LEIORHYNCHUS ZONE.

Faunule.—Immediately above the calcareous shales of Zone D occur
55 or 60 feet of very fine black shales which are extremely barren of
fossils. This is especially true of the lower 25 feet, in which but ten
species were found, the complete faunule being twenty-seven species.
Styliola fissurella and. ostracods occur abundantly in thin layers, but
in the body of the shale they are seldom seen. With few exceptions
the ostracods and styliolss do not reappear in this section above this
zone and never again in abundance.

The change of sedimentation from a firm calcareous to a fine black
mud was evidently a condition unfavorable to the rich faunule of
Zone D, and either (1) it was replaced by migration of a faunule
similar (recurrent) to that of the shales below Zone D or, what seems
probable, (2) the species found in Zone E, which were inconspicu-
ous in the faunule of Zone D, lived on while their less adaptable
neighbors perished. The shales of this zone contain no brachiopods
and only three species of pelecypods—and they are rare—which are
not found in Zone C. They contain one brachiopod and two pelecy-
pods which are not found in Zone D. The faunule of this zone bears .
a strong resemblance to the ‘“‘recurrent fauna” of Ontario County.¢

Localities.—Above and in contact with Zone D in Paines and Deans
creeks, on Cayuga Lake, and in the Seneca Lake section.

Nore.—The shales of this zone are of this same character west of
Seneca Lake. The resembance to the Marcellus is so strong that M.
Berlin H. Wright? called the shales of this zone in the Kashong Creek
section ‘‘Marcellus.” - The lithological character and the faunule are
both very much like that.of the Marcellus, with the exception of
Leiorhynchus l'mutcwe which the wntel did not find in the Kashong
section.

F. MICHELINIA ZONE (Provisionally).

Stratigraphy.—This zone is not separated from the lower shales by
any distinet line, the division being made by the abundance of the
fossils and change in species. It terminates in a more calcareous
layer 4 inches thick, in which Michelinia stylopora is common. The
number of species is not great except by comparison with the zones
above and below. Compared with E and G the species are in the.
ratio (E) 29:(F)50: (G)23. The thickness of the zones, in feet, is in
the ratio (E)55: (F)5: (G) 18. '

Faunule.—The only common species arve Tropidoleptus camnaius,
Nucula corbuliformas, Cypricardella bellistriata, Michelinia stylopora,
and crinoid stems. Grammysia constricta, Ceratopora dichotoma,
and Michelinia appear for the first time. Tropedoleptus carinatus is
very common, but of small size.

Location.—Paines Creek, 60 feet above Mooushme Falls. Fivefeet
thick.

aJ, M. Clarke, Ann. Rept. State Geol. New York, ]884, pp. 9-22.
bThirty-fifth Ann. Rept. New York State Mus., 1882, DD. 195-206.
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G. CHONETES VICINUS ZONE.

Stratigraphy.—This zone comprises the firm shales below the falls
nearest the lake, at King Ferry, and the upper portion of the section
on Paines Creek; 23 spec1es, 18 feet thick.

Faunule.— Chonetes vicinus, which appeared in Zone T, became
very abundant and of large size in this zone. Tropidoleptus carinatus
is common. Tunulicardiuwm fragie and Cypricardella bellistriata are
found occasionally. The shales are not so barren as the small num-
ber of species would indicate, although they are by no means rich in
fossils. '

Locality.—King Ferry and Paines Creek.

NotE.—Later investigation shows that the name Chonetes vicinus

does not, express a faunal combination. The zone is a distinct one

at King Ferry, but is an expression of peculiar local conditions rather
than a normal faunule. This zone was not found in the Kashong
- Creek section. '

H. TRANSITION ZONE. -

This zone does not have a distinctive faunule and is probably a
transition between Zones G and L
Locality.—King Ferry, N. Y.

I FIRST CYPRICARDELLA BELLISTRIATA-ATHYRIS SPIRIFEROIDES
ZONE.

Faunule.—The abundance of C’ypricao"de.lla' bellistriata, Athyris
spiriferoides, and Spirifer pennatus is characteristic of this faunule.
The relative abundance of all of the species in the zone changes
somewhat from the bottom to the top. ZTropidoleptus is common in
the lower third, rare in the middle, and common again in the upper
third. Pholidostrophia ‘owaensis appears for the first time in the
lower third and was not common elsewhere in the section.

Location.—XKing Ferry, above the first falls; 47 feet thick.

Note.—The faunule of the shale 25 feet below the Encrinal beds,
© 19 feet thick in the Kashong Creek (Seneca Lake) section, bears a
stronger resemblance to Zones I and K than to J, but the faunule as a
whole has a different facies. It resembles Iin the abundance of
Tropidoleptus carinatus CA, Chonetes mucronatus CA (instead of
C. vicinus), and Spirifer pennatus. It differs. in the scarcity of
Cypricardella bellistriata and A. speriferoides- and in the abundance
of Bryozoa and crinoid stems. The 25 feet of shale immediately
underlying the Encrinal is very poor in fossils, the faunal combina-
tion of which is not plain.

J. TELLINOPSIS ZONE.

Faunule.—This faunule differs from that of Zones K and I in its
paucity of spirifers, Athyris spiriferoides and Tropidoleptus carinatus
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and in the abundance of Amboceelic wmbonata, Tellinopsis subemar-
ginata, and Modiomorpha. There is one thin layer of Ambocelia
umbonata and Chonetes scitulus. The shale of Zone J is finer than
that of Zone K and more fossiliferous.

Locality.—XKing Ferry, 20 feet below the Encrinal beds; 10 feet
thick.

K. SECOND CYPRICARDELLA BELLISTRIATA-ATHYRIS SPIRIFER-
OIDES ZONE.

Founule.—This faunule is a recurrence of Zone I, with slight modi-
fications. The numerous individuals of the upper third of Zone J are
the characteristic fossils of K with the exception of Chonetes vicinus.
Other species of Chonetes are common and balance the loss of
C. vicinus. The abundant species of Zone I are most common in
Zone K. This zone resembles Zone X of the Upper Hamilton, except
that in Zone X Leiorhynchus lawra continues from Zone V.

Locality.—King Ferry, extending down from the Encrinal for 22
feet.

L. SECOND TEREBRATULA ZONE (ENCRINAL BEDS).«a

Stratigraphy.—The Encrinal bed includes 8 feet of calcareous
shales, impure hmestone, and 1} feet of crystalline limestone, with
an abundance of crinoid stems in the upper part.

Faunule.—Of the 47 species occurring in this bed, 14 are from the
crystalline limestone. No fossils are abundant. Of the 7 species
which are common 3 are distinctive; Vitulina pustulosa is found also
in D; Centronella impressa oceurs here for the first time and does not
appear again; Hunella lincklen: is found also in D and Y; Spirifer
divaricatus, one fragment, is found in D; Nucleospira concinna is
rarely found in the section, and Spirifer gwcmulosus 1eappea1s here.
(For discussion of Encrinal see Chapter V.) ,

Locality.—This zone, called also the Encrinal bed, includes the
crystalline Encrinal beds and impure limestone and shales, 8 feet in
all; found in the creeks between Shurger Glen and Aurora.

M. ORTHONOTA ZONE.

Faunule.—This zone differs decidedly from that above and below
in the composition of its fauna. A glance at the accompanying table
(PLYV) will show the distinctness of this zone. The common Pelecy-
poda are Phthonia nodicostata, Orthonota undulata, Prothyms lanceo-

lata, and Tellinopsis subemarginata.

Locality.—Shurger Glen. A rather fine shale 14 feet thick under-
lying a harder layer (Zone N) which forms a small falls 24 feet high
a short distance from the fall over the Enm inal.

aIncluding the genera of Section A; c¢f. Schuchert: Bull. U. S. Geol. Survey No. 87, p. 124.



28 FAUNA OF HAMILTON FORMATION. [BULL. 206.

N. (TRANSITION ZONE.)

Zone N is a rather hard, limy layer, 6 inches thick, which forms the
capping for a falls 24 feet high. The faunule is not a distinct one.
The abundance of Tropidoleptus carinatus places it with the zone
which follows, while the fewness of Chonefes and abundance of cri-
noid stems and Bryozoa places it with the preceding faunule. It is
1113110100'10&11}7 distinet, but must be called a transition faunule.

0. CHONETES ZONE.

Faunule.—The abundance of Chonetes mucronatus and C. scitulus
is very noticeable. In a fine shale, 3 inches thick, is an abundance
of Spirifer pennatus and Tropidoleptus carinatus. A hard, argilla-
ceous, sandy layer above this is very rich in S. pennatus. This zone
is not well marked, and is probably very local.

Locality.—Shurger Glen. Coarse and rather sandy strata overlying
the hard layer forming the small fall; 10 feet thick.

P. FIRST AMBOC@ELIA ZONE.

Faunule.—There is little difference between this zone and Zone R
except that thereis a greater abundance of individuals in the latter.
Amboceelia, wumbonata and Phacops rana are abundant and Pholidops
hamiltonie and Chonetes mucronatus ave common. Pelecypods,
with the exception of Paleonetlo constricta, are rare. The association
of P. rana and A. umbonata is seen.in thin layers throughout the
section. (See under A. umbonata, Chapter IV.)

Locality.—Twenty feet above the Encrinal beds at Shurger Glen;
5 feet thick. '

Q. CHONETES LEPIDUS ZONE (rather barren shales).

Faunule.—The 15 feet of thin shale of which this zone is composed
is very barren both in individuals and in species, the upper 5 feet
being extremely so. Only 16 species were found in the entire bed;

~of these 6 species are found in the upper 5 feet and 12 species in the
lower 10 feet. In the upper 5 feet Chonetes lepzdus and 4. umbonata
are the only common fossils.

The conditions in this region during the deposition of these shales
were very unfavorable to life. At first the fauna was rather large,
but at last the two species mentioned above were almost the only ones
that were able to survive. The conditions were not unlike those which
existed during the deposition of the muds forming Zone E. The effect
of the unfavorable environment is seen in the small size and number

. of individuals.

Locality.—Shurger Glen. Twenty-five feet above the Encrinal beds

and 20 feet below the concretionary layer of Zone S.
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R. SECOND AMBOCELIA ZONE.

Stratigraphy.—This zone is bounded -above by the Stropheodonta-
Coralline zone and below by fine shale. It is a very marked zone in
the Shurger Glen section. Large blocks of shale which have fallen
from the cliff are almost completely made up of Ambocwlic umbonata,
with many Phacops rana in an excellent state of preservation.

Faunule.—Besides A. wmbonata and P. rana, Pholidops hamiltonice
and Paleeoneilo constricta are very common. Chonetes mucronatus is
often found. A comparison of ‘“the fauna of the Spirifer consobrinus
fauna, Da” of Grabau¢ with this zone shows that (1) the relative
position and (2) the faunule are the same. (See under Ambocwlia
wmbonata. )

Locality.—Shurger Glen and King Ferry, 40 feet above the Encrinal
beds. Underlies the concretionary layer of Zone 8. Twenty-five
feet thick.

NOTE.—A bed with a fauna of this same composition oceurs in the
Kashong section. The resemblance is so striking that it can not be
mistaken. Itis about 80 feet above the Encrinal beds in this section
and but 40 feet at Shurger Glen. The zones of the two sections may
be continuations of the same bed, but there is no evidence to that
effect except the character of the faunule and the rock.

S. STROPHEODONTA—CORALLINE ZONE.

Stratigraphy.—This zone includes the lowest concretionary layer in
which the concretions are of large size. The concretions are shaly, .
but the shale in which they are embedded is rather more calcareous
than usual. The fossils occur in three or four layers, about 2 or 3
inches thick. In thesethin fossiliferous layers the shale weathers into
a mud, leaving the fossils conspicuous. Inthe lower part of the zone
occurs a very thin layer composed almost entirely of crinoid joints.

Faunule.—The rarity of Amboceelio wmbonate and the abundance
of Bryozoa and crincids, together with Str opheodonta ineguistriata,
. 8. concava, Rhipidomella vanuxems, and corals in considerable num-
bers, make this zone distinet from that above and below.

Locahty —Shurger Glen, 60 feet above the Encrinal beds. Ina
concretionary layer 10 feet thlck

Note.—Thin layers containing this faunule commence 40 feet below
the Tully at Kashong Creek (Seneca Lake), and occur frequently
for-30 feet. The common fossils are:

Spirifer pennatus. Atrypa reticularis.
Sitropheodonta insequistriata. Streptelasma rectum.
Stropheodonta concava. Amplexus sp. ?
Sitropheodonta junia. Crinoid stems.

This faunule responded very quickly to certain conditions, as is
shown by its frequent occurrence in the Seneca and Cayuga lake sec-
tlons It also has a very constant faunal combination.

aSixteenth Ann. Rvept. State Greol. New York, 1898, p. 819,
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T. MODIELLA PYGMAA ZONE.

Stratigraphy.—The shale in this zone is compact and fairly uni-
form throughout. It is not very fossiliferous, but by no means bar-
ren, except where thin layers of fine shale occur.

Faunule.—This is distinctly a pelecypod zone in which small
pelecypods, such as Nucula, Modiella, Palceoneilo, and Tellinopsis are
common. Letopteria is frequently found near the center of the zone.
The total number of species in the zone is large because of the occa-
sional appearance o'f_.a, n'umber'of rare species. The number of species
of brachiopods are to those of pelecypods as 27 to 39. Of the brachio-
pods, Spirifer pennatus and Ambocelia wmbonata are found in all
parts of the zone, sometimes being very common. Stropheodonta,
Nucleospira, and Relicularia are absent. Nucula, Nuculites, Modi-
ella, and Paleoneilo, which are rare in the lower zones, become com-
mon in this zone, though never abundant. 'The faunule disappears
with the appearance of Leiorhynchus laura and Orbiculoidea. -

- Locality.—Shurger Glen, 40 feet below the Tully limestone. A
Septaria layer is embedded in the upper few feet of this zone. The
total thickness is 98 feet.

U. AMBOC@ELIA PRAUMBONA ZONE.

Faunule.—This is a transition zone between T and V. Ifis char-
acterized by the commonness of A. prewmbona, which appeared a
foot below this for the first time in this section, and in the reappear-
ance of Spirifer tullius, which, until within a foot of this zone, was not
present in the shale below for 20 feet. The faunal combination is not
plain. _

Locality.—Shurger Glen. Underlies the concretionary layer ‘of
Zone V. Five feet thick. , ‘

NoTE.—A bed in the Kashong (Seneca Lake) section contains the
following species: ' :
Amboccelia presumbona. Orbiculoidea lodiensis media.?
Leiorhynchus laura. Chonetes mucronatus.

This faunule is probably a continuation of that at Cayuga Lake.

V. ORBICULOIDEA OR MODIFIED LEIORHYNCHUS ZONE.

Leiorhynchus laura and Orbiculoidea lodiensis media in abundance
in a fine shale make this a very distinct zone. It may be considered a
Letorhynchus zone with Orbiculoidea lodiensis media, modified by the
addition of S. tullius and Amboceelia preeumbona. In the center of the
zone, however, the faunule is, with the addition of O.lodiensis media, an
almost typical Leiorhynchus fauna. "The Leiorhynchus laura and
Orbiculoidea lodiensis media are very large and in an excellent state of
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preservation in the concretionary layer, which is embedded in the
fine shale of this zone. These concretions are over a foot in horizontal
diameter.

Locality.—Shurger Glen, Salmon River, Lake Ridge, King Ferly,
30 feet below the Tully hmestone ‘

W. (TRANSITION ZONE.)

Faunule.—The abundance of Rhipidomella vanuxems and Phacops
rana, which are rare in the next zone above, and the frequency with
which Pholidops hamaltonice and Dalmanites booths oceur, present the
appearance of a somewhat distinct faunule. However, Chonetes
mucronatus, Leiorhynchus laura, Spirifer audaculus, Stropheodonta
junia, and S. perplana are common to both.

The faunule can not be taken as a part of either Zone V or Zone X,
although it contains a number of species of each, nor can it be con-
sidered a separate zone. During its deposition the conditions per- .
mitted the migration of a Spirifer-Atrypa faunule, together with
R. vanuxzems and P. rana, and at the same time were not unfa,vomble
to some of the species of the Orbiculoidea faunule.

Locality.—Shurger Glen. In a pyritiferous concretionary layer, 23
feet below the Tully, 10 feet thick. -

X. SPIRIFER-ATRYPA ZONE.

Faunule.—Atrypa reticularis, Athyris spiriferoides, and Spirifer
oudadulus occur here in very great abundance. 8. granulosus has a
greater development than in any other portion of the section. Leior-
hynchus laura is less abundant than in the zone below and is nof
found in the Cystodictya zone. Bryoczoa, which were rare in Zone W,
begin to be abundant and continue in great numbels to the Tully
limestone. ’

Locality—Shurger Glen. Nine feet below the Tully limestone.

Y. CYSTODICTYA ZONE.

Stratigraphy.—The Hamilton stage closes with this zone, which
includes an alternation of limestone and limy shales and a nodular
layer. This condition is seen at Ludlowville, Lake Ridge, and King
Ferry.

Faunule.—The zone is rich in Bryozoa especially Cystodictya wnce-
surate, and crinoid stems. Tropidoleptus carinatus is the fossil most
often seen in the upper portion. Speirifer pennatus and S. audac-
ulus are very common, while S. marcyi is represented by well-
preserved specimens in the calcareous shales 5 feet below the Tully
limestone. Pelecypods are very rare in the upper few feet. This,
with a slight modification, is the same as the Cystodictya faunule of
Grabau, which at Eighﬁgenmile Creek occurs in the Lower Hamilton.
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Locality.—Shurger Glen, Salmon Creek, Lake Ridge. In contact
with the Tully limestone.

NoTE.—The Hamilton formation in the Kashong Creek section,
Seneca Lake, closes with a fine shale 7 feet thick, very much like the
Genesee in Aappearance and very poor in fossils.

The faunule of this zone is:

Amboceelia umbonata. Ostrocods.
Pholidops hamiltonise. o Palzeoneilo constricta.
Phacops rana. " . Téllinopsis subemarginata.

Tropidoleptus carinatus.

EXPLANATION OF DIAGRAMS, PL. V.

Diagram-A.—With the exception of Zone A, 2 inches thick, 12 feet
above the Onondaga (Corniferous) limestone, which is very rich in
individuals, the number of species of Pelecypoda and Brachiopoda is
very uniform throughout the soft shales until Zone D is reached. A
few feet of the Upper Marcellus shales are quite fossiliferous, but the
number of species is not large. The concretionary layer of Zone C
contains a faunule fairly rich in individuals, but poor in species.

As indicated by the angle, Zone D is sharply defined from the
shales above and below by the great abundance of species and indi- -
viduals as well as by the greater hardness of the rock. With the
exception of a portion of Zone X, the lower 10 feet of Zone D contains
more species of both Brachiopoda and Pelecypoda than the same num-
ber of feet in any other part of the section. In the lower portion of
the zone the brachiopods and pelecypods are represented by an equal
number of species. In the upper portion both decrease in the num-
ber of their species, but the lamellibranchs suffer the greater loss.

The most barren shales of the section above Zone D, both in indi--
viduals and in species, are the 5 feet of fine black shales immediately
in contact with it. The black shales. of this zone (E) are very
noticeable.

Zone F, which is a coralline zone, is rich in species, espccmlly of
pelecypods. After reaching a low point in Zone G there is a rapid
increase in pelecypods, the increase in brachiopods vremaining almost
- uniform throughout Zone I, while the pelecypods reach a high point
in the center of the zone, but fall below the Brachiopoda toward the
upper portion.

The next noticeable change is in the Encrinal bed, Zone L, where
the pelecypods are extremely rare, while the brachiopods have a rich
development. . The brachiopods gradually decrease in the number of
species until Zone Q is reached, where there is a greater paucity than
in any other zone in the Upper Hamilton. The pelecypods become
common in Zones O, M, and N, but become rare in species in Zone Q.
In the 35 feet above Zone Q there is an increase, which culminates in
Zone 8, the brachiopods being predominant. Above Zone S to Zone
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X, with one local exception, the number, both of pelecypods and of -
brachiopods, is quite uniform. In Zone X the pelecypods reach their
greatest development in the section, the brachiopods also bemg well
toward their highest point.

The impure limestones of the upper few feet, with which the Ham-
ilton formation closed, seemed unfavorable for pelecypods, as was the
case in the Encrinal beds, and very favorable for brachiopods. From
Zone X the pelecypods decrease and the brachiopods increase to the
contact with the Tully limestone. ‘
© Diagram B.—The abundance of individuals is represented only
approximately, as there is no practical method of determining accu-
rately the actual number of individuals to each 5 feet.

In the fine shales of the Marcellus aie thin layers full of Styliola
and Tentaculites (these.are not represented in the diagram). Above
Zone A, which is very rich in individuals, the shale is almost barren
as far up as it was exposed at this station (Union Springs), with the
exception of Tentaculites and Styliola. For a few feet below the
limestone with which the Marcellus closes there is an abundance of
individuals of Letorhynchus limitare and of Orthoceratites. The
shales above this limestone, Zone C, are almost barren in many places,
but now and then a fossil is found. Occasionally a thin layer of fine
shale a fraction of an inch thi¢ck contains Letorhynchus laura or
Strophalosia truncata in great numbers.

In Zone D the impure limestone which forms the capping of Moon-
shine Falls seemed richer in individuals than the lower shales of this
zone. This may, however, have been due to the more favorable col-
lecting because of the weathe1 ing out of the fossils. Above Zone D
are a few feet of almost completely barren shales, Zone E; above -
these shales the remaining 30 feet of Zone E continues poor in indi-
viduals and species to Zone F. In Zone F there is a sudden increase
in the number of species and individuals, which makes it a quite dis-
tinet zone. The number of individuals, however, did not increase in
the same ratio as the species. From Zone G to the middle of Zone I
there is a rather gradual increase in species and individuals. From
this point the number of species decrease to the Encrinal beds, while
‘the number of individuals vary. The species become abundant in
the upper part of the Encrinal bed and decrease toZone Q, in which
the shale is more barren, in species and individuals, than in any other
zone in the Upper Hamilton.

The great abundance of individuals of the Zones P and R is shown.
Zone R is, according to the diagram, the most fossiliferous zone (in
1nd1v1duals) in the section, although the number of species is by no
means large.

From Zone S to Zone W there is a rather regular increase in the
number of species, while the number of individuals is rather small. .
Zone 8 is rich in number of species as well as in abundance of indi-

Bull. 206—03——3
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viduals. Zone V, the Orbiculoidec zone, is separated from the other
zones not only by its faunal combination, but in the fewness of ‘its
species; the number of individuals is not greatly different from that
of the shale below. Zone X is the richest in species of any zone in
the section. The abundance of individuals is great in proportion.
ZQnek X was worked more thoroughly than any other except Zone Y—
a fact which will in a measure account for the large numbers of spe-
cies and individuals in the collection. From this zone to the Tully
limestone the total number of species becomes less.



CHAPTER 1IV.

ANNOTATED LIST AND CLASSIFICATION OF SPECIES FOUND IN
,’II;I%E HAMILTON FORMATION OF THE CAYUGA LAKE SEC-
N.

Subklngdom COELENTERATA
Class ANTHOZOA ACTINOZOA.

The members of this class are, with a few exceptions, rarve in the
~Cayuga Lake section. They are, however, of considerable importance
since, when they are common, they are associated with a peculiar com-
bination of species.

Subclass TETRACORALLA Haeckel.
Family ZAPHRENTID & E. & H.
Geenus STREPTELASMA Hall.
1. Streptelasma rectum Hall.
" I11. Dev. Fos. Hall, 1876, pl. 19.

This is the commonest of the corals at Cayuga Lake. It is chiefly
confined to the upper 150 feet of the section. When it occurs with
Stropheodonta it has a definite faunule.

Grenus ZAPHRENTIS Rafinesque.
2. Zaphrentis simplex Hall.
I11. Dev. Fos Hall, 1876, pl. 21.
Fourspecimens of thisspecies were found in the Cystodictya zone (Y).
Genus AMPLEXUS Sowerby. o
3. Amplexus sp. undet.
IIl. Dev. Fos. Hall, 1876, pl. 3.

Next to Streptelasma in abundance is a species of Amplexus, found
principally in the Modiella zone (T). Tt differs from the figures of
<. hamaltonice and A. entermedius. The coral is very much flexed and
has a jointed appearance, the constrictions sometimes being very

marked. .
35
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Family CYATHOPHYLLID £ E. & H.
Genus I—IELIOPHYLLUM Hall. .
4. Heliophyllum halli E. & H. '
Tll. Dev. Fos. Hall, 1876, pl. 23.

This species is restricted to Zone I, with the exception of a single
- specimen from a doubtful locality in the Upper Hamilton. A num-
ber of specimens were obtained, two of the largest of which measured
220 and 270 mm. in length and 65 mm. in diameter. H. halli is very
common in the ‘‘Basal limestone” of Ontario County, and is confined
to a narrow zone within a few feet of the Encrmal beds in the
Eighteenmile Creek section.

This species is very common in the ‘‘ Basal limestone” of the Seneca
Lake section.

5. Heliophyllum confluens Hall. ‘
TIL. Dev..Fos. Hall, 1876, pl. 26. '

A single specimen was found in this section—in the Encrinal beds
of Paines Creek. At Eighteenmile Creek H. confluens is also restricted
to the Encrinal beds. '

Genu; DIPHYPHYLILUM I;onsd‘iale.
6. Diphyphyllum archiaci Billings.
Geol. Sur. Mich., vol. 3, 1873-1876, p. 126, pl. 47.

This species was found in Zone Y. A cross secmon showed the char-
acteristic a,rrancrement of the septa.

Subclass HEXACORALLA Haeckel.
Suborder TABULATA E. & H.
Family FAVOSITID A E. & H.

Genus FAVOSITES Lamarck. -

7. Favosites argus Hall.

11. Dev. Fos. Hall, 1876, pl. 13.

. One specimen from Zone Y is probably of this'speeies. . It is of very
. much the shape of fig. 2, pl. 18, of the ‘‘Devonian Fossils.” The
arrangement of the large and small cells can not be made out.

8. Favosites sp. undet.

Favosité; corals from several zones were too imperfectly preserved
for specific identification. They did not show any of the specific
characters of F. argus. '
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Grenus MICHRELINTIA de Koninck.
9. Michelinia stylopora Eaton.
Il. Dev. Fos. Hall, 1876, pl. 18.

This species is common in Zone F, but nowhere else in the section.
At Eighteenmile Creek it is restricted to a few feet at the base of the
Lower Hamilton. At Kashong Creek very large specimens of this
species occur in a narrow bed 13 feet above the ‘‘upper fall” (above
Encrinal). A few specimens were also found in the ‘“Basal lime--
stone” of Slate Rock Run.

Genus TRACHYPORA E. & H.

10. Trachypora (Dendropora) ornata Rominger.

Geol: Sur. Mich., vol. 3, 1873-1876. p. 62, pls. 23-24

A few well-marked fragments of this species were found in the
Cystodictya zone (Y), and in the Encrinal band. This species is not
uncommon in the shales forming the falls ‘below the Encrinal in the
Kashong Creek section.

Family AULOPORIDzE Nicholson.
Genus AULOPORA. Goldfuss..
_ , , 11. Aulopora serpens Groldfuss.
Geol. Sur. Mich., 1873-1876, p. 81, pl. 3.

- Two very imperfect fragments of this species were found.

Grenus CERATOPORA Grabau.
12. Ceratopora dichotoma Grabau.
Proc. Bos. Soc. Nat. His., vol. 23, 1899, p. 418, pl. 4.

This species, with well-marked characters, was found in Zones F and
0. Excellent specimens also occur above the Encrinal at Kashong
Creek.

Family SYRINGOPORID LA E. & H.

Grenus SYRINGOPORA. Goldfuss.
18. Syringopora sp. undet.
Geol. Sur. Mich., vol. 3, 1873-1876, p. 79.

A colony of this genus 10 or 12 feet long and. 5 to 8 1nches in thick-
ness occurs in the lower part of Zone D. The specific characters are
not distinet enough to warrant a specific identification. The ‘‘Basal
limestone” of the Slate Rock Run (Seneca Lake) contains many
colonies of this coral.
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Family CHEAETETID & E. & H.
Genus CHATTETES Fischer.
" 14. Chemtetes fructicosa Hall.

IIl. Dev. Fos. Hall, 1876, pl. 38.

A few specimens of this species were obtained from the upper por-
tion of the Upper and Lower Hamilton.

Other species of Chewtetes were found, but were too imperfect to
permit of definite identification.

Subkingdom ECHINODERMATA.
Class CRINOIDEA Miller.

‘With the exception of three poorly preserved specimens, the crinoids
are represented by crinoid joints and a very few plates. No other
class of Echinodermata was found.

Genus GRANATOCRINUS Troost.
15. Granatqcrilius (Pentremilié) leda Hall.
Fifteenth Rept. N. Y. State Mus. Nat. Hist., 1862, p. 149, pl. 1.

A complete but badly crushed specimen of this species was found~

in Zone O. Radial plates were obtained from Zones T and 1.
Genus ANCYROCRINUS Hall.

16. Ancyrocrinus bulbosus Hall.

Fifteenth Rept. N. Y. State Mus. Nat. Hist., 1862, p. 90, pl. 1.

A specimen of this species was found in Zone L.

Genus DICHOCRINUS Minster.

17. Dichocrinus sp.?

A body without arms, from Zone I, was doubtfully referred to this
genus.

18. Crinoid stems and plates.

The centers of abundance of crinoids, as is shown by the stems,
joints, and plates, are, in this seetion, in Zones D, F, L, M, N, 8, and Y.
For a faunal study a record of these crinoid remains is as important
~ as the record of any other fossil. ,

Bryozoa flourished when the conditions were favorable to the -
development of crinoids. The only exception is Zone F.
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Subkingdom VERMES.

Suborder TUBICOLA.
Genus SPIRORBIS I).audi'n.
19. Spirorbis angulatus Hall.

Fifteenth Rept. N. Y. State Mus. Nat. Hist., p. 84.

A few casts of this tube were found on an Orthoceras in the upper
Marcellus.

Subkingdom MOLLUSCOIDEA.
Class BRYOZOA Ehrenberg.

A number of genera and species of Bryozoa not included in the

following list were found. The great amount of time necessary to
. make accurate identifications, together with the imperfect condition
of these fossils, made a more complete list impossible. The centers
of abundance of this class are Zones D, L, S, and Y. :

Order GYMNOLAMATA Allman.
Suborder CYCLOSTOMATA Busk.
Family DIASTOPORID A Busk. .

Genus HEDERELILA Xall. .

20. Hederella canadensis Nicholson.
Pal. N. Y., vol. 6, 1887, p. 277, pl. 65.
A mass of this parasitic bryozoan was found in Zone Y.
Genus REPTARIA Rolle. .
21. Reptaria stolonifera Rolle.

G. B. Simpson, Handbook N. A. Pal. Bry., p. 599, pl. 25.
This species was found in the Marcellus shale incrusting an Ortho-
ceras, and in Zone Y incrusting a goniatite. It is rare in this region.

Suborder CRYP’POST‘OMATA Vine,
Family CYSTODICTYONID A Ulrich.

Genus TANTOPORA Nicholson.
22. Teniopora exigua Nicholson.
- Pal. N. Y., vol. 6, 1887, p. 263, pl. 62.

A few specimens of this species were obtained from Zone Y. It is
very rare here, and is so reported from Eighteenmile Creek.
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Genus CYSTODICTY A Ulrich.
_ 28, Cystodictya incisurata Hall.
Pal. N. Y., vol. 6, 1887, p. 241, pl. 40.

This is by far the most abundant bryozoan in the section. In Zone
Y almost every piece of shale contains a fragment. It is common in:
the ¢ Stictopora zone” of Grabau at Eighteenmile Creek.

Family FENESTELLID A King.
Genus POLYPORA McCoy.
24. Polypora multiplex Hall.

Rept. State Geol. N. Y., 1886, p. 66, pl. 11.

A specimen of this species showing the cellular face was found in
Zone S. A great many specimens showing the noncellular face may
be of this genus and species, but can not be positively identified as

such. ]
25. Bryozoa, undet.

The distribution of Bryozoa is given under crinoid stems.

Class BRACHIOPODA.,

The classification of Brachiopoda, as given by Schuchert in Bulle-
tin No. 87 of the United States Geological Survey, is used throughout
this paper. _ -

Adjustment to environment.—It was found in the study of the fau-
nules of the Hamilton formation that the Brachiopoda were, as a rule,
more closely adjusted to their environment than the Pelecypoda.
This is shown in the greater definiteness.of the faunule combinations
of the Brachiopoda and in the often sudden disappearance of every
abundant species, and even genera, with an apparently slight change
of sedimentation, and their equally sudden reappearance upon the
substitution of favorable conditions. The table of faunal zones at
the end of the paper makes further comment unnecessary.

Order ATREMATA Beecher.
Superfamily LINGULACEA Waagen.
" Family LINGULID & Gray.

Grenus LINGULA Bruguiére.
. 26. Lingula delia Hall.
Pal. N. Y., vol. 4, 1867, p. 12, pl. 2.

Zone V (Orbiculotdea zone) contains excellent specimens of this
species, fully 25 mm. in length and 16 mm. in width. It.is rare in
every part of the section, but is occasionally found between Zone D
and Zone Y.



CLELAND.] CLASSIFICATION OF SPECIES. 41
27. Lingula densa Hall.

Pal. N. Y., vol. 4, 1867, p. 11, pl. 2

A specimen from Zone T was more closely related to this than to
any other species described by Hall. It measured 12 mim. in length
and 8 mm. in width.

28. Lingula ligea Hall.

Pal. N. Y., vol. 4, 1867, p. 7, pl. 1.

Three specimens from Zones I, X, and Y, 4mm., 4 mm., 9 mm. in
length and 2 mm., 24 mm., and 5 mm. in width, 1espect1ve1y, were
referred to this species.

Genus DIGNOMIA Hall.

29. Dignomia alveata Hall.

(Lingula alveata) Pal. N. Y., vol. 4, 1867, p. 12, pl. 2.

One plainly marked specimen of this species was found in the
Encrinal. The same species is reported from the upper portion of
the Upper Hamilton at Livonia.

Order TELOTREMATA Beecher.
Superfamily RHYNCHONELLACEA Schuchert.
Family RHYNCHONELLID & Gray.

Genus CAMAROT(ECHIA Hall and Clarke.
30. Camaroteechia congregata Conrad.

(Rhynchonella congregata) Pal. N. Y., voi. 4, 1867, p. 341, pl. 54.
This species is very rare, being found in but four zones. The:
specimens are few and so poorly preserved that 1t is difficult to make
a specific identification with certainty.
31. Camarotmchia dotis Hall.
(Rhynchonella doti<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>