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LETTER OF N. H. WINCHELL, STATE GEOLOGIST. 

THE UNIVERSITY OF MINNESOTA, 

November 30, 1891. 

HON. JOHN S. P I LLSBURY, P/'csident of lhe Boa?'d of Regents: 

After an interval of six years I tender again a volume of the final report of the geolo· 

gical and natuml hislo?'Y SlW'vey of the state. The materials for this volume have accumulated 

g radua.lly since the survey began, and latterly they have been much increased through 

the cooperation of vari(lus collectors and assistants. This man uscript will make a large 

volume, and it may be found desirable to issue it in two parts. It pertains to the paleon· 

tology and systematic geology of the Lower Silurian, which is found in the southeastern 

portion of the state, already described in volumes I and II. 

Very respectfully, 

Your obedient servant, 

N . H . WINCHELL, 

State Geologist. 

LE'l'TER OF HON. JOHN S. PILLSBURY. 

MINNEAPOLIS, MINN., Dec. 5, 1891. 
PROF. N. H. WINCHELL. Siale Geologisi: 

I have the pleasure to acknowledge the receipt of your favor of the ROth ult., 

tendering the third volume of the final report of the survey, and to congratulate you 

on the completion of another considerable portion of the state survey. I trust there 

may be uo delay in its publication. 

Very truly yours, 

JOHN S. PILLSBURY, 

President of the Board of Regents of the University of Minnesota. 
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INTRODUOTION TO VOL. III, PART I. 

HISTORIOAL SKETOH OF INVESTIGA­
TION OF THE LOWER SILURIAN 

IN THE UPPER MISSISSIPPI 
VALLEY. 

BY N. H. WINC HELL AND E . O. ULRICH. 

The paleontology of the Lower Silurian, as exemplified in the rocks of Minnesota and 

adjoining states, has been strangely overlooked and neglected. As a geological horizon 

the rocks of the Lower Silurian everywhere bear important relations to those which 

followed and to those wbich preceded them. The profuse fauna with which they are 

characterized is the first, after the Taconic, which displays its zoological affinities with 

distinctness, and at the same time with a sufficient number of well-preserved specimens 

to indicate the nature of the life which filled those Paleozoic seas. As a descendant from 

the Primordial fauna it manifests so great variations, and so great a number of species, 

that it holds an independent rank in the paleontological record equal in importance to 

any which followed, and superior to any that preceded. As the second great faunal epoch 

the L ower Silurian gives the first affirmative stamp to the idea of the evolution of species. 

'1'ho variation of forms which began in Primordial time, once established by a careful 

study of the "second fauna," the elucidation of all succeeding faunas by the application 

of the same research guided by the same laws, would follow as a necessary logical result . 

Too often this natural sequence has not been followed by paleontologists, but higher 

stages of variation, separated perhaps by many steps from the original forms, have been 

chosen for study and illustration. This has resulted sometimes in wrong conceptions 

concerning the sequence of change, or the manner of development fwm the comprehensive 

forms to those that are more specialized. To some species have been assigned what have 

proved to be unnatural progenitors, and imaginary progenitors have been assumed for 

others, while many apparently had no former ancestral species to which they could be 

traced. The examination of the intermediate links has shown where these errors have 

been committed. Such has been the function of the Lower Silqrian fauna, as illustrated 

in nqmerous iqstlloqces i~ the preparation of this volume, 
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REVIEW OF EARLIER LITERATURE. 

The g reat pioneer work on this fanna in Amer!ca was done by Prof. J ames HalL '" 

Compared with the recent work by Lhe same author,§ it is at once apparent that great 

improvement has been made in the methods of research, and that remarkable advance has 

been the result of the work of numerous American paleontologists. Prof. Hall, however, 

never returned to a re-examination of the Lower Silurian fauna, as such, but continued to 

develop succeeding faunas of the Paleozoic. While it must be acknowledged that his 

pioneer volume constituted an important epoch in American paleontology, and especially 

in that of the Lower Silurian, it has to be admitted Lhat Lower Silurian fossils have not 

received from him that full elucidation which has marked later his works on the Upper 

Silurian and the Devonian, and on the Carboniferous. Incidentally in his later work he 

has added numerically to the species known from the Trenton and Hudson River forma 

tions, ten being published from the Brachiopoda in vol. VIII, part 1; while the morpholog­

ical values of all the generic names of the Brachiopoda have been reconsidered and fully 

analyzed in the same volume in the light of more recent advanced theories of biological 
paleontology. 

The great labor that has been expended on the paleontology of the region of Cincin­

nati, where Lhe Lower Silurian strata are at the surface over a large area, extending from 

southeastern Indiana and southwestern Ohio into Kentucky, has consisted very largely of 

the discovery and description of new species. Hall, Meek, Locke, Miller, Dyer, Nichol­

son, .James (father and son), Mi0kleborough, Ulrich, Wetherby, Byrnes and others have 

added largely to the. known fauna of these strata and have carried westward the definite 

stratigraphic limitations of these formations which were established in New York. Fl'om 

this region these fossiliferous strata pass out of sight with a westward and northwestward 

dip, rising again in Wisconsin and Minnesota on approaching the confines of the ancient 

land area now characterized by the older formations. 

While all the American literature of the subject. and most of the European , bas been 

at hand, and constantly consulted in the study represented by this volume, it has been 

thought desirable to note here more carefully only those geological works which appertain 

to the valley of the Mississippi, including Minnesota and the states adjoining. viz.: 

Wisconsin, Iowa and the northwestern portion of Illinois, t and the contiguous portions 

of Manitoba. These synoptical notes are arranged in chronological order, 

. "'Pal~ontology of New YOI'k, vol. .r, 1847. It sbouid not be forgotten , howeve r, t.hat MI'. T. A. Con rad, between 1838 and 
181~, studied the paleontology or New )'ork assiduously and desc ribed lIlany Lowcl'Silliriall form s. 

§Pala1ontology of New York. vol. VIll, 1892, 

tIn the'renth Annual RepOI't or the Geological Survey of India,oa. the I'ea.der will fiod <L bibliognt.phy, by Mr. S , 
1\. MUler, 01 the paleontology or the OInclnnatl region up to tbe year 1879. 
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ANNOTATED CATALOGUE OL" THE PALEONTOLOGY OF THE LOWER SILURIAN IN THE 

UPPER MISSISSIPPI VALLEY. 

Si,' John Fntnlclin. 

L 8:.l3 . Na'Tative of a jou-mey to the sho,'es of the Pola,' sea in the yean 7819, '20, '21 ancl 

'22, by JOHN FRANKLIN, R. N. , F. R. S ., Commander of the expedition ; with appendixes. 

Quarto, plates and maps, London, 1823. 

In the appendix Dr. R ichardson gives some general observations on the limestone seen 

at lake Winnipeg and f urther northward. From the numerous remains of orthoceratites 

he thinks this limestone may belong " to the fo rmation under the new r ed sandstone" 

i . e., to the "mountain limestone." 

Note tv page 506.-" Professo r J ameson, having been requested to exam ine the specimens of lime­
sLone collected on tbe shores 01 lake Winnipeg, and in the Cumberland Hou~e district, obligingly sent the 
followi ng note: 

' The specimens of limestone rece ived from you con tain examples of the following fossil organic 
remains: Limestone with encrinites. The encrinites a re in fragments . 

Limestone with O,·thoceratites. 
Li mestone wi th Te1"ebratulre. 
Lim estone with Caryophyllit:.u. 
Limestone with Lingu lre. 

' These fossils would seem to intimate that the rock in which t hey are contained belongs to the 
nlOuntain limestone formation , by many referred to the transition, by other to the olclest or deepest part 
of the secondary class of rocks. ' ., 

Hem'Y R. Schoolcm/t. 

1823. S(l1nI1Ia"Y nan'alive of wn explo,·a.to?·y expeclition to the 80u?"ces 0/ the lI£ississippi 

,'ive,' in 1820,. ?"Csumecl ancl completecl, by the clisco-ve,·y of its o?'if/in in Itasca lake in 18:'12, by 

HENRY R. S CHOOLCRAFT. Philac1elphia, ]855. (First publishec1 in 1823). 

The only allusions Schoolcraft makes to the age of the rocks embraced in this report 

are so vague anc1 general that they are of no value. Once he r efers to the falls of St. 

Anthony being " in the Silurian basin," anc1 at another time he calls the limestone forming 

the falls "the same metalliferous' limestone which for so great a length and in 'so striking 

a manner characterizes both banks of the Mississippi below S t. Anthony falls." Op. cit., p. 

330. He evic1ently was inclined to consider the lead-bearing rocks about equivalent to the 

lead, bearing limestones of England, i. e., the mountain limestone or Sub-Carboniferous, now 

known as the Mississippi limestone. 

William H. Keating. 

18:.l3. Na,'mt"ive Of an expeclition to the sou'rce oj St. Pete,"s "ive,', lake Winnepeek. lake of 

the Woocls, etc. , pe?10?'mecl in the yea,' 1823, by oni,e,' Of the Hon. J. C. Calhoun. Sem'eta,"y of Wm·,. 

tmclel' the commancl Of Stephen H. Long, U S. T. E. Complied from the notes of Major 

Long, Messrs. Say, Keating anc1 Calhoun, by WILLIAM H. KEATING. et Lonc1on, 1825. In 

two volumes; pp. 1- 458 and 1-248, a nd appendix pp. 1- 156. 

A general description of the geology of the country from lake Michigan to the mouth 

of the Wisconsin river is given. H ere the author finds two distinct magnesian limestone 

formations separatec1 by a considerable thickness of fine grained f riable sandstone. These 

three formations make up the rocks of this p art of the route. He considers these strata 
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as more recent ~han the Coal Measures, probably the equivalen~ of the limestone above 

the coal fields of Wheeling and Zanesville, W. Va., and after considerable discussion he 

places them as the American equivalents of the Lias of Europe; this conclusion is reached 

mainly from a considera~ion of the similari~y of the lithology of ~he two limestone forma · 

tions to the limestones of the Lias. In a detailed section at Ft. Snelling (pp. 319-320) he 

describes an upper limestone formation, which lies on a friable sandstone, which in turn is 

underlaid by another formation of limestone.·~ He consideres these strata as similar to 

those mentioned above as occurring in southern Wisconsin. At F t. Snelling "the first 

stratum which is observed is about eight feet thick ; it is formed of limestone, and presents 

a very distinct slaty structure. The texture of the rock is compact, its fracture splintery 

and uneven; organic remains abound in it. These are, as far as we saw, exclusively 

Producti; they lie in the rock as thick as possible; a small vacant space is generally ob· 

served between the inner and outer casts of the shell." 

Si,o John Fmnklin. 

(Second Overland J ourney.) 

1825 . Nan'alive ola second px:peclition to the shores Of clte Pota?' sea, by JOHN FRANK· 

LIN. Capt. R. N., B'. R. S., etc. London , 1829 . 

.. Professor Jamesoo enomerates Te"ebratulm, Orthocemtites, Encrinites, Ca1'yophyllitm, and Ling'ulre, 
as the organiC remaios in the speci mens broug'h t home Ly captain Franklin on his first expedition. MI'. 
Stukes and Mr. James De Carle Sowerby have examined t hose which we procured on the last expedition, 
a nd found amongst tbem iereb"atulites, spi,.i!e,'s, macl""ites and comllines. 

" Tbe m.acluriles belonging to t he same species' with specimens from lakes Erie and Huron. and a lso 
frum Iglool ik, are perbaps referrible to tho Maclul'ea magna 01 Le Sueur. 

"Mr. Sowerby determi ned a shell occurring in great abundance in the strata at Cumberland House, 
ahout one hundred and twenty miles to the westward of lake Winnipeg, to be the Pentamcrus aylesfordii. " 

This is perhaps the species sin ce described from that region by Whiteaves as Penta­

mel'us decussatus. 
G. w: Feathe?'stonhaugh, 

1835. Repo?·t of a geological ?'econnoissance made in 1835, f? 'om the seat of Gove?'n?nent. by 

way of G!'een ball and the Wisconsin te?'?ito?·y. to the Coteau cle Prai?'ie, an elevated 'ridge clivicl· 

ing the Missou?'i j?'01n the St. Pete?"s ?'ive?', by G. W. FEATHERSTONHAUGH, U. S. Geologist . 

Senate Doc. 333; Washington, 18il6, pp. 1- 168. 

The route taken was from Green bay along the Fox and Wisconsin rivers to the 

Mississippi, then up the latter stream to Fort Snelling and from there up thE: Minnesota 

to its hea·d waters. The geology of the route is very rarely spoken of. The author 

considered the strata of the entire region, fi'om Green bay west to the Cottonwood river 

and south to the mouth of the Des Moines, as made up of beds of blue and gray limestone 

underlaid by a friable sandstone. He refers both of these to the Carboniferous. In the 

description of Fort Snelling, he says:-

"The fo rtis built upon the bluff, which ol'erlooks botb the Mississippi and tbe St. Peter's , resLi ng 
upon gray ish buff·colored, foss ili fe rous beds of thc Carboniferous limestone, containing zoophytes, wany 

· 'rbls IOWdr lIrn e.3t.one docs uot exist at }i't . Snelllngj what Keating called t ilo lower lim estone is not.hlng but tb e 
c1etacli 3d frngm enLs or I he l iu16sLoue trom a.bovo the s:'Ludst..one, wbich fragments now 11e In t.he l'ivel' bed nHLUY teot below 
t..belr oJ'iglonl poslLion. 
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spec imens oC la rge orthocera, rragments of which measure a foot long and more than roul' inches wide. 
Tho Caces oC some of the "ocles are covered witb fuci, and in some producta form a lmost the body of the 
rock. These fossiliferous beds are separated from the great sandstone beds of tbe country, wh icb here go 
Car below the level of the river, hy a th ick stratum o[ eighteen feet of compact subcry talline limes tone 
without fos il s. Below tb is stratum nothing but sandstone appears." (Pp. 135-136.) He thus correct 
Keating' report (1823), in which it is said that a limeston e I'ormat ion underli es tbe sandstone at FOI·t 
Snelling. At St. Anthony Calls" the immense slabs which have fall en Crom the limestone beds at th e 
top are covered with producta, mixed with spiriCers and card ia. * * * * * To a geologist, bowever, 
it is exceedingly interesti ng, finding here the uninterrupted continuation, ror one thousand miles, of th e 
Carhoniferous limestone, with its characteristic fo sils. " (Pp. 136- 137 .) 

David Dale Owen. 

(Iowa, Wisconsin and Illinois.) 

1839. Rep01·t oj a geological explomtion oj pa1·t oj Iowa, Wisconsin and Tllinois, made 

uncle1' the cli1'e~tion oj the Sem'etm'Y oj the TreaS!t1'Y of the United States, in the atttumn oj the yea1' 

183.9. by DAVID DALE OWEN, M. D., principal agent to explore the mineral lands of the 

United States. 28th Congress, 1st Session, Senate docnment, 407, pp. 9- 191, 1844. (Also 26th 

Congress, 1st Session, House of R epresentatives, document 239, pp. 9- 16 L, 1845. The 

report was originally submitted for publication April 2nd, 1840, and was printed without 

the accompanying maps, charts, sections and other illustrations, June 4th, 1840. The fore ­

going editions were issued after the r evision of the original, and the ac1dition of some 

statistics and of all the accompanying illustrations. ) 

This report is confined almost exclusively to the leac1 region. The lead-bearing rock 

is embraced in the "Cliff limestone" which the author shows bears many points of similar ity 

to the Carboniferous lead-bearing limestone of England. Notwithstanding this outward 

resemblance the organic r emains require its ass ig nment to a lower stratigraphic horizon. 

In th e "Cliff limestone" Owen here includes a thickness of 500 feet of strata, extending 

from (and including ) th e Upper Silurian to the bottom of th e Galena anc1 Lower Silurian. 

He shows that this great member passes below the Coal Measures. insl;ead of above them as 

thought by Keating, and is probably the equivalent of the Upper and perhaps of the Lower 

Silurian of Murchison, and of the Corniferous. Onondaga and Niagara limestones of New 

York, "and in part, perhaps, of the Champlain division." The fossils of the underlying 

Blue limestone he considers closely like those of the Caradoc formation of England, and 

of the Trenton limestone and shales of the New York system. This is the first suggestion 

of the Trenton limestone in the valley of the upper Mississippi, but it should be dated from 

th e publication of his revisec1report,-1844. 

" Thc most characteri stic fossils oC the cliff limestone 0[ Iowa and Wiscons in are: (p.25.) 
"Casts (often siliceous) of several species o[ te?·cb,·al,uZre. Some of th Am, probahly, of new species . 

These are chiefty conflned to the upper beds. 'rhey are nu merou and very perCect. 
"Several species of CCttenipora (chain coral) in greater abundance, and in more perfectprcseJ'vation, than 

I have ever seen them elsewhere; among them the catenipo?'a esclta1'oic'les of Lamarck; the catenipol'a laby· 
"inthica of Goldfuss; and another species, not described by Goldfuss, nor elsewhere that I have seen-prob­
ably new. I name it the catenipo?'a ve)'1·ucosa. * * * * These catenipo?'a are very characteristic of t he 
upper beds oC the cliff limestone. They do not occur in tbe rich lead-hearing strata. 

"A coscinopo1'a (the sltZcata? of Goldfuss), the only corall inc discovered in the middle and lower 
beels, and therefore charactbristic of the true lead·bearing rocles. 

"Severa l species of caICtinOpol'a, columna'''ia, tubipo?'a, altZopo1'a, sa?'(~inula (costata?) , ash'ea, cyatho· 
phylla, ann car,!!ophylla. These are fo und with the cha in coral in the upper beels. 
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"Several casts of spiral uni valves; oC a ci"'/ls resembli ng the peTspectivus; of an amp/lllal'ia, resembl­
Ing t he can'tliculctt'1.; imperfect impress ions of a long sp il'al unil'al ve, resembl ing the genus viv;,paJ'a-all 
taken from t he wa ll s of a lead-bearing fissure neal' Dubuque; a univalve of the gen ns tl'ochus (found In 
the underlying blue limestone) and another, resembling a delphimlla, fo unr! chiefiy in the building rock. 

"I also fou nd botb in tbe cl iff rock and in the blue limestone (but cb iefly in t he latter, of whicb it 
is tbe characteristic fossil ,) several species of sfJ)'ophomena of Goldfuss. 

"Likewise, both in t he cl iff rock and in the bl ue limestone, several species o( OJ·thoce?·atites ." 

The repod is accompanied by a geological map of the region explored and several 

sections, the most important of which is one f rom just below the mouth of Rock river 

northeast through the Blue mounds to the Wisconsin river. This section shows the Coal 

Measures above the Cliff limestone and separated from it by the shell stratum (i _ e. the 

Devonian); immediately underlying the Cliff limestone is the blue fossiliferous limestone 

and below this are beds of red and wbite sandstone, which are followed by alternating 

strata of Lower Magnesian limestone and more red and white sandstone. The lead-bear­

ing formation-Cliff limestone- is also called the Upper Magnesian limeston e_ The 

average dip of the strata is go in a southerly direction. 

The report of Dr. Owen includes areport of Dr. John Locke in which carefully de­

tailed sections at Dubuque, Prairie du Chien and from the Blue mounds to the Wisconsin 

river are given. Dr. L ocke compares the lead · bearing rocks with tbe Cliff limestone of 

Ohio. He gives twelve points of agreement between the Cliff limestone of Ohio and the 

lead· bearing strata, the last of which is as follows : (p. 120) 

"Tbe fossil remain. found in t be lead reg ion ag ree with those (ound in Ohio. Some of them are as 
follows: 

" I. JJfuIUlocula,' shells.-Ammoni tea and orthoceratites. 
" II. 01'"staceans.-Several spec i e~ of calymene, asa pbus, and isotelus. * * .' * 
, I III. Orinoideans.- * * .. - * 
"IV. Mollusca.-SpiriCers, te reb ratul re and productre. A cast of se veral spec ies of bivalves occurs. 

* * • * No fossil appears to be mo"e characteristic of this formation than these casts; perhaps rathtlr 
from Lhei r peculiar condition, than from tbe specifi c character of the fossil itself. 

"V. Zoophytes.-Corall ines are abundant in boLh regions; of cyatbophylla, several species; of 
calatnopora (Gold fuss), several species; of caten ipora, at least three species are nearly equally abu ndant. 
The eschara (of Goldfuss) which is abu ndant on tbe Miami in Obio, and which I once thougbt charac­
teri stic oC Lhis tratum, seelDs to be limited to particu lar localities. I d id not gee}t in the lead r~gion. " 

Dr. Locke seems to have been the first to parallelize the " Cliff limes tone" of Obio, a 

portion of the Upper Silurian, with the lead-bearing rocks. He makes special claim to 

this discovery in th e Am. Jour. Sci., vol. xliii, p. 147 (1842). Although this idea was 

accepted by Owen in this r eport and by Hall later, as well as by others, it was found 

finally that the Cli ff limestone of Ohio and Indiana did not embrace the lead-bearing 

horizon at all, but was separated from it by the Maquoketa shales. 

Dr. L ocke's section, plate No_ X I X, extending from the south fork of the Little 

Maquoketa across the MissiSSippi to the Sinsinewa mound, represents a thickness of rocky 

strata amounting to 550 feet, and covers all the Lower Siluriau, put by him into thE: " Cliff 

limestone ;" although the Blue limestone is r epresented as somewhal; below the water at 

Dubuque wh ere the section crosses the river. 
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James Hall. 

1842. Notes tt110n the ge(f)logy of the westem sta(es, by JAMES H ALL. Am. JOUl'll. Sci .. 

vol. XLII, p. 51, April, 1842. See also Association of Geologists and Naturalists, 1840-42, 

pp. 267-293, Boston, 1843. 

This paper gives the generalized pre liminary results of an extended tour made in 

1841 for the purpose of ascertaining how far the group ing of the New Yo rk strata, pub­

lished in the New York reports, was applicable in the western extension of the New York 

system. It shows a masterly comprehension of the geographic areas occupied by the 

principal parts of the lower Paleozoic as far west as the Mississippi river and as far north 

.as the coal fields of Michigan . In treating of the Cliff limestone of Ohio, supposed to be 

the equivalent of the Niagara limestone of New York, h e adopted the determinations of 

the first survey by Owen (1839) in its applicationn to the lead r egion and fell into th e 

errol' of placing the lead·bearing dolomyte of Wisconsin and Iowa (the Galena of later 

reports) in the " Cliff limestone," and hence of making it a portiou of the Niagara, here 

covering a thickness, according to measurements by Dr. John L ocke, of five hundred and 

fifty feet. He, however , was of the opinion that some of the thin beds near the top of th e 

Cliif limestone, as seen in Wisconsin and Iowa, should be assig ned to the L ower Helder ­

berg. He states that the Niagara in western New York is known to contain "everywhere 

sulphurets of lead and zinc." He formed the opinion that "the Ontario and Mohawk 

groups are both seen on the Mississippi above Dubuq ue," underlain by a mass of sand ­

stone. That is, he was of the opinion that below the Galena (Niagara) the Hudson River 

a nd 'l'renton, as now known, existed. In this paper Prof. Hall indicated by the foss ils 

which he named, that the " Blue limestone" at Cincinnati is to be considered the western 

r epresentative of the Hudson River group of New York, which at that time was desig­

nated by him the " Ontario group," The inference which ought to have been drawn f rom 

t his, viz., that the term Blue limestone could not be applied to the equivalent of the 

']~renton iu the Mississippi valley, seems not to have been heeded, but tha.t term has been 

perpetuated, even to the present time, a t the lower horizon. L ater, howe vel', as will be 

seen, Prof. Hall applied the term "green and blue shales" to the Ontario g roup in the 

upper Mississippi valley. 

F. De Castelnatt. 

1843. Essai SWI' Ie systeme Silm'ien de I'Awfl'ique septentl'ionale, par F. DE CASTELNAU, 

Consul g eneral des Etats Unis ,) Lima, Membre de plusieurs societes savantes. Avec vingt­

sept planches, Paris, 1843, 56 pp. and one geological map. 

This memoir was presented to the Academy of Sciences at the meeting of the 25th of 

August, 1842. A large number of fossils ar e figured. The region explored was chiefly 

that lying in the immediate vicinity of lakes Superior and Huron, and special attention 

was given to Drummond's island and other islands neal' it. On these islands M. De Cas­

telnau found large amounts of white dolomyte containing some forms of Huronia and 

Ellomphailts. This same formation of dolomyte- his "systeme magnesifere "-exteuds 
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westward to the headwaters of the Missouri and is said to embraee the lead-bearing lime­

stones of Wisconsin ; it also covers a great extent of country to the east, especially around 

the St. Lawrence river and in New York state. There are 138 species of fossils described; 

these are principally from the lake region of the United States. He discnsses at some 

length the exist€;nce of ambnlatory appendages in the trilobites, drawing his conclusious 

from his examina tions of specimens of (Jalymene on which he finds certain spots or scars 

which seem to indicate the places of attachment of branchial feet·,. The author regards 

the " systeme magnesifere" as forming an upper member of Murchison'S Silurian, or as 

perhaps constituting a separate formation just above the Silurian. The structure, age 

and formation of the great lake basins are also discussed. 

LIST OF CASTELNAU'S J!'OSSILS, PREPARED BY CAPT. A. W. VOGDES. 

(Jntstaclla. 

Asaphus micrurus Green , p. 18, Trenton, N. Y . 
A. limulurus Green, p. 18, pI. IV, fig. 1, Lockport, N. Y. 
A. co rdieri, n. sp., pI. IV, fig. 2, p. IS, Lockport, N. Y. 
A. caudatus B'I'Ong., p. 19, Trenton, N. Y. 
A. edwardiis, n. 8p. , p. 19, Trenton , N. Y. 
A. murchisoni,pl. IV, fig. 3, Trenton . N. Y . 
Homalonotus gigan teus, n. $p., pI. III, fig. 1, p. 20, Lockport, N. Y. 
H. herculaneus, n. sp ., pI. IV, fig. 5, p. 20, Lockport, N. Y. 
H. a tlas, n . 8p., pI. IV, fig. 4, p. 20, Lockport, N . Y. 
Arctinurus, n . gen. , p. 21. 
ArctinUflls boltoni Bigsby, pI. ru, fig. 2, p. 21, Lockport, N. Y. 
Oalymene buro Green, pI. n, figs. 1-4, p. 21, Oapon pr~s du Potomac, Va. 
Odontocephalus, Com'ad, p. 23. 
Acantholoma, idem, p. 23, Olarksville, N. Y. 
Aspidolites, idem, p. 24. 
Dicranurus, i dem, p. 24. 

Cephalopoda. 
OrLbocera bercules, n. Sl' . , p. 29, IIe. Drummond . 
O. conicum, idem, pI. x, fi g . 3, p. 29, IIe. Drummond. 
On propose de substitner ,1 ce nom dej" employe celui d'O. Castelnau. 
O. filiformi s, idem., pI. x, fig. 2, p. 30, IIe Drummond. 
Oyrtoceras markoei, n. 81' . , pI. IX, fig. 3, p. 30, Montmorency falls. 
Actinoceras ri chal'dsoni ? Stokes, pI. VII, figs. 1- 2, lie Manitouline (lac Huron);ldem, pI. I'fI! , figs. 

2a-b, p 30. -
A. . blainvillei, n. sp. , pI. Y , fig. 1, p. 31 , l ie Man itouline; idem, pi. vm, fig. 1. 
A. cordieri, n. sp., pI. v, fig 2, p . 31 , IIe Manitouline. 
A. bandanti, n .. 'P., pI. VI, fig. 2, p. 31, IIe Drummond. 
A. beaumontl, n. "p. , pI. VI, fig. 1, p. 32, lie Drummond. 
A. lyonii? Stokes, pI. fX, fig. 4, p. 32, Lac des Bois. 
A. dufresnoyi , n. sp. , pI. VIll, fig. 3, p. 32, lie Drummond. 
A.? deshayesii , pI. VIn, fig. 4, p. 32, Baie Verte. 
Huronia obliqua, n 8p., pI. IX, fig. 9, p. 32, lie Drummond. 
H. stokesi, pI. IX, fi g. 3, p. 33, Schoharie. N. Y. 
Sidemina, Castlena" , p. 33. 
Sidemina infundibuliforme Castln, pi. x, fig . 1, p. 33, Ile Manitoulin e 
Nelimeoia , Castelna?L. . 

Nelimenia incognita, n. "p., pI. x, fig. 4, p. 33, Moutmorency falls . 
;rentaculites irregularis, n. sp., pI. x , fig. 5, p. 34, Trenton, N. Y. 
r. regularis, n. sp ., pI. x, fig. 6, p. 34, Trenton, N . Y. 
Goniatites canadenSiS, n . sp., pi. XI, fig. 7, p. 34, Montmorency falls. 

·Ln.te lItel'at lll'C on this s ubject ieeru s to ma.ke no re ference to t.bis wo f'l< 01 Oas telnau 's. 
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Hete,·olJoc/a. 

Bellerophon striatus? Fe,."ssac , pI. XI, f1g. 2, p. 34 , Lac Eri e. 

Gaste,·olJoda. 

E uomphal us verneul i, 11. sp., pI. xr, fig. 1 a-b, p. 34. Lac Huron. 
E. ? minutissmus, n. sp ., pI. Xl, fig. 9, p. 35, Trenton, N. Y . 
T rochus hurolli ensis, n . . qp., p. 35, R iv. Ottowas. 
TUITitella schohariensis, n. sp., pI. XI, fig. 8, p . 35, Schobarie, N. Y. 
P ileopsis naticoides, n . sp., pI. XL ftg. 3, p. 3.'5, Scobarie, N. Y. 
P. rotundata, n. sp., pI. x r, fig . 4, p. 36, Schoharie, N. Y. 
P. spiralis, n . sp., pI. Xl, fig . 5, p. 36, Schoharie, N. Y. 
P. conoides, n. sp., pI. XI, fig. 6, p. 36, Schoharie, N. Y. 

Bmchiopoda. 

Orth is scbohar iensis , n. sp., pI. XIV, fig. 5, p. 36, Schoha rie, N. Y. 
O. michelin i? Leveille, p. 36, Schobarie, N . Y. 
O. flabellulum Mun!!., p. 37, St. Regis. 
O. panderi ?, p. 37, New York. 
O. huronensis, n. sp., pI. XIV, fig. 6, p. 37, Lac Huron. 
O. conrad i, 11. sp., pI. xv, fig . 4, p. 37 , Schoha rie, N . Y. 
O. ungu iformis, n. sp., pI. xv, fig. 3, p. 37, Schobarie, N. Y. 
O. plana Pandel', pI. xrv, fig . 1, p. 38, Lac Huron . 
O. curvata Sheppa"d, p. 38, Baie Verte. 
O. alternans, n. sp., pI. XIV, fig. 3, p. 38, Lac des BoiS. 
Pentamerus desbayes ii. n. sp ., pI. xv, fig. 12, p. 38, Schoha ri e, N. Y. 
P. beaumonti, n. sp ., pI. =r, fig. 9, p. 38, Lac Erie. 
Atrypa? nustella, n. sp., pI. XIV, fig. 3, p. 39, Schobal'ie, N. Y. 
A. galeatea Dal7n., pI. XIV, fig. 4, p. 39, Etat de New York. 
Productus? sul catus, n . sp., pI. :l'.:II1, fig. 7, p. 39, Sehohari e, N. Y. 
Productus antiquatus Sow., p. 39, Lac Huron. 
Leptrena vici na Gasteln., pI. XIV, J1g. 9, p. &9, Oomte cl'Ontario. 
T erebratula valenciennei, n. sp., pI. Xl1I, fig. 6, p. 39, Scboharie, N. Y . 
'1'. mesogona, PhiU., pI. XIII, fig. 3, p. 40, Quebec. 
'1'. stricklandi ],[«,·ch., p. 40, CatSkill, N. Y. 
T. imbricata, ide"" p. 40, Lac Huron. 
T. prisca Sehl., pI. XllI, fig. 8, p . 40, Scboharie, N. Y. 
T. borealis Sehl., pI. XIV, fi g. 14, p. 40, Grande baie Verte. 
CeLte esp~ce etant difIerente de la T. boreali s Schl. on porpo~e de I'appeler '1'. Lurpis . 
T . acuminatissima, pI. XIV, fig. 17, p. 40, Hudson, N. Y. 
Spirifer inrequivalvis, n. sp., pI. XIV, fig. 8, p. 40, Ilenrummoncl. 
S. murch isoni Gasteln., pI. XII, figs. 1 and 2, p. 41 , Schobarie, N. Y. 
S. huronensis', icw7n, pI. XIT, fig. 6, p. 40, Lac Huron. 
S. troostii, icw7n, pI. XI1, fig. 5, p. 41, K entucky. 
S. costalis, n. sp., pI. XIV, fig. 7, p. 41, Scbobar ie, N. Y . 
S. macropleurus, ide"" pI. XIII, fig . 5, p. 4.1, Scbobarie, N. Y. 
S. fischeri, idem, pI. XIII, fig. 4, p. 42, K entuclcy. 
S. alatus, idem, pI. XII, Ug. 4, p. 42, Schoharie, N. Y. 
S. multlcostatus, icwm, pI. Xl! , fig. 3, p. 42, Schoha rie, N. Y. 
S. sbp.ppa rdi, icwm, pI. X IV , fig . 15, P 42, Nashvill e, T enn . 
S. sO lVerby i, idem, pI. X lfT, fi g. 1, p. 43, P ennsylvania. 

Conchije1'Cl. 

Oardi um? nautilo ides Gasteln. pI. xv, figs. 5-6, p. 43, Lac des Senecas. 
Bi lobite, DeKay, pI. XIV, fi g. J6, p. 43, Catskill, N. Y. 
Ampb idesma delafield i Gasteln. pI. XIV, fig. 10, p. 44, T. tert d u Potomac? 
Perna cbactas, idem, pI. XIV, fig. 12, p. 44, idem. 
Venus mobegan, idem, pI. X IV, fig. 11 , p. 44, idem. 

Polypa,·ia. 

Col umnaria sulcata GOldf., p. 4~, New York. 
C. troostii Gasteln., pI. x rx, fig. 2, p. 44, Kentucl{y. 
C. multi radiata, idem, pI. XIX, fig . 1, p. 44, l ie Drummond. 
C. mamillaris, idem, pI. XIX, fig. 3, p. 45, Bords du lac Huron . 

xv ii 
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O. a lveolata Goli/!., p. 45, Drummond . 
Oatenipora l::tbyrinthica Gold!., pI. XVII , fig. 2, p. 45, Drnmmond et bords du lac Supe ricur. 
O. escharoid es Lam., pI. X\' IT, fi g. 3, p. 45, Lac HUI·o n. 
O. michelin i Gaslel't., pI. xvn, fig. l, p. 45. lie Drummond. 
Syringopora verLicillata Gold!., p. 45, Drummond IIe du Oastor. 
Astr3la mam illaris Fisc/w', pI. XX[\' . fig. 3. p. 45. River de 1'0h io. 
Strom bodes pen tagon US Gold/. , p. 45, Lac Huron. 
Calamopora fuyosa, idem, p. 46, Ile Mani touline. 
O. minnti ina Casteln., pI. XIX, fig . 2, p. 46, IIe Drummond. 

C. minuta, idem, p. 46, idem . . bards du lac Eric. 
C. radians, idem, pI. XYUl, fig . I, p. 46, Butl'alo, N. Y. 
C. cellulata, idem, p. 46, Lac Huron. 
C. basal t ica Gold/., pI. xvrn, fig. 3, p. 46, bords dulac Erie. 
C. polymorpha, idem p. ~6, Baie Verte . 
C. gothla ndica Lam., p. 46, Buffalo, N . Y. 
C. intlata de Koninck, p. 47, Baie Verte. 
O. goldfuss ii Casteln., p. 47, Lac Huron, Ha ie Verte. 
U. fibrosa Gold/. , pI. XL,\:, fig. 4, p. 47, Trenton, N . Y. 
C. verneuili Casteln., pI. XXIl[, fig. 2, p. 47, Quebec. 
CyatbophyJl um hexagonum Gold/ . , p. 47, Lac Huron. 
O. gollah, Cw;teln., pI. xx, fig. I, p. 47, IIe Drummonrl. 
C. atlas, idem, pI. xx, fig. 2, p. 47, lie Drummond. 
C. goldfus i, pI.XA-r, fig. 2. p. 47, Butl'alo . N. Y. 
C. plicatum? Gold/., p. ciS, lie Makinau (Huron) . 
C. ccratites, idem, p. 48, Ile Drummond. 
C. ammonis Casteln., pI. =, fig. 1, p. 4S,New Yorlc 
C. vicinum, idem, pI. XXll, fi g. 6, p. 48, idem . 
C. conicum, idem., pl. XXI. fig. 4, p. 48, Bords de 1'0hio. 
C. plicatulum, idem, pI. XXII, fig . 4, p. 48, Il e Drummond. 
O. dilatatum , idem, pI. XXI, fig . 3, p. 48, Lac Huron. 
C. striatulum, pI. XX H, Og. I, p. 48, Lac Huron and Erie. 
U. michel ini, idem, pI. XXII, fig. 3, p. 49, I1e Drummond. 
C. a rborescens, idem, pI. XXII, fig . 2, p. 49, Lac Huron. 
C. oruygnyi, idem, pI. xxn, fig. 7, p. 49, BataVia, N. Y. 
C. rol1inii, idem, pI. XXII, fig. 5, p. 49, IJe Drummond. 
C. distinctum , idem, pI. XXlT, fig. 8, p. 49, Ile 1I1anitoulines. 
O. agglomeratum, idem, pI. XXI, Og. 5, p. 49, Idem. 
Lithod p.ndron irregulare Phill., pI. XXIlT, fig. 1, p. 49, Lac Huron. 
A xinura, CaBteln., p. 49. 
A. canadensis, idem, pI. XXIV, fig . 4, p. 49, Lac Sai nte.Claire. 
Gorgonia ripisteria, GoldI , pI. XXlV, fig . 3, p. 50, Schoharie, N. Y. 
G. anticorum Casteln., pI. XXI\', fig . I, p. 50, Lac HmoD. 
G. silu riana, idem, p. 50, idem. 
Eschara scapelluru Mm·ch., p.50, IIes Manitoulines. 

Grinoidea. 

Crisonoma aniiqlla Cw;teln ., n. sp., et. gen., pI. XXY, fig. I, p. 50, Genesee, N. Y. 
Oariocrinites oroatus Say, pI. XXY, fig . 2, p. 51, Lockpor t, N. Y. . 
Pentremltes fiorealis, idem, pI. xxv, fi g. 3, p. 51, Kentucky and Alabama. 
Encrinites, pI. XXY,flgs. 4- 11, Lac Huron and Lac des Senecas. 
Apiocrinites rosaceus Sehl., pI. XX \' , Og. 12, p. 51, Lac des Senecas. 
Encrinites, pI. XXYJ, figs. 1-4, p. 51, New York and Lac Huron. 
Corps inconnus, pI. XX\' l.I, figs . 1-7, Trenton and Lac Huron . 

T. A. Oonmd. 

18403 . Observations on the lead·bem·ing limestone of Wisconsin, anel clesc?'ipt'ions of a new 

genus of t?'ilobites emel fifteen new Sil1t?'ian fossils, by T. A. CONRAD. Proc. Acad. Nat. 

Sci., Philadelphia, 1843, Vall, 1841-43. 

The new genus is Tlwleops, and the specilic name given is ovata. It was from Mineral 

Point. Mr. Conrad unhesitatingly assigns the lead· bearing beds to the Trenton, viz : 
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"From t be evidence it is clear tbaL the limestone of Galena, Illinois, and of Mineral Point, Wis .. 
in wb icb the lead occurs, is certain ly not of more recent date t ban tbe Pulaski and Lorra ine sbales or 
New York, and tbe Oaradoc sanclsr.one of Great Brita in ; but I believe it will prove to be an upper member 
of tbe T renton limestone formation. " 

In the lead-bearing rock, "a buff, granular limestone, " Mr. Conrad reported the fol­

lowing as having been identified: 

loachus pOl'vetus Oon. 
Pleurotomaria angul ata Sow. 
Turritella -

Orthi s tesLUflinHri a', 
Delthyris ­
Strophomena s(lri cca 

Oyathopbylll1m pro[l1ndu m 000 . 

The following are definitely locat.ed at Mineral Point, Wis.: 

Orytoceras marg inalis 000. Ortbis disparilis Oon . 
Orthoceras aooellus Cou. Orth is pen'eta 000. 
Phrag mol ites compressu~ Oo n. Ort.his t ri c80ari a Oon. 
Tl1rritella - Orth is bellarugosa Oon. 
Pleurotomaria angula ta Sow. Orthis subequata 000. 
Bellerophon bilobatus Suw. Atrypa chlottheilui Von BlIch. 
Euompbalus triliratus 000. Nucl1lites -
Ioachus pe rvetu 000. N ucul i tes -
Subulites elongata. Delthyris-
SLrophomena sericea Sow. Oeral1rus plel1rexanLhem us Green. 
Strophomeoa deflecta Oon. Jsotelus gigas DeKay. 
SLrophomeoa recta Oon. '.rhaleops ovata Oon . 
Orthis tes tudioaria? Oytherio a fabulites Co n. 

Several of the foregoing a re new species, described here for the first time. Mr. Con­

rad should have the credit of first determining the age of these rocks correctly from 

adequate data. His studies were the basis of the statement of Mr. N icollet made the same 

year, It is known that Mr. Nicollet had the aid and co-operation of Mr. Conrad, 

J. N. Nicollet, 

1843 . Repo?'t intenclecl to ill1tstmte Ct map oj the hycl?'ogmphica l basin of the 1tppe?' Mis­

sissippi ?'ive?', made by J . N. NrcOLLE'l" Washington, 1843. 20th Congress, 2d Session; 

Senate d0C. 237, pp. 1- 170, 

Very little of this r eport is devoted to geology. The rocks of the Undine region 

(valley of the Blue EarLh river) and of the lower half of the Minnesota valley are con­

sidered to be the same as those at Fort Snelling-i. e., a thick fr iable sandstone overlaid 

by limestone, sometimes magnesian and occasionally containing foss ils (pp . 19-20 ). He 

considers these rocks as Silurian (p. 30) and gives approximately the outlines of the 

Silurian, or, as h e terms it, the formation of St. Peter's (p. 71):-"'l'he geological form­

ation of St. Peter's continues to show itself in the r iver of the same name,·' and goes on 

thiuning out as far as Wa?'CIju r iver (the ?'iviiJ?'e Ct1(X Lia?'Cls of the French) and there it dis­

appears. Hence it passes to the head waters of the Mankato" river, crosses the south ern 

part of the Cotecm cles Pl'ai1'ies, and finally loses itself in the Missouri, Sioux and Iowa 

rivers. * W ,x' .' To the east, starting from St, Anthony falls, it may conjecturally be 

stated to cross the St. Croix, make i ts appearance on ll:fanomin, Chippeway and SCt]JCtk 

rivers, not far f rom the rapids and falls of these r ivers, and then, passing through the 

.Tbo Miuucsotn. l'iver wns (OI'morly called the St. Peter. 

"'Now known as th Blue Eart.h. 
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upper portion of Wisconsin, reaches the state of Michigan." On p . 68 a section along the 

Mississippi from Fort Snelli ng to the falls of St. Anthony is given as follows : 

1. "Fine grained unstratified sandstone." 2. "A compact sub·lamellar li me to ne of variable 
colors, as fawn, yellow ish-buff, or grayish. 1t contains many foss ils, but very ir regularly distributed in 
the mass. Thi bed i rrom 8 to 12 feet th ick, weathering into layers of from two inches to a root t hie)' ." 
3. "Drirt." 

A list of a few of the fossils fonnd in the mineral region of Wis()onsin (p. 168) is 

given and also a list of those found at For t Snelling and the falls of St. Anthony (p. 169) . 

These lists are given below in full. In the detel'mination of the fossils Nicollet was 

assisted by Mr. T. A. Conrad, and he gives his idea of the stratig rahic position of the 

fossil · bearing strata at Ft. Snelling in the following words:-

"I may remark here, that it will be seen that th i list of foss ils emb!'aces a few species of the T rell­
to n limestone, as descr ibed by the New York geolog ists; whence we might in fer that the g roup of St. 
Peter's characterizes a ruck of tbe same age as t hat wll ich contains the lead at Galena, and wh ich lUay 
probably be an upper po rtion or the T renton limestone, newer than any pa rt of th<Lt fo rmat ion h itherto 
observed in the state of New York." (p. 70.) 

This seems to be the first correct assig nment of the rocks at the falls of St. Anthony 

to the horizon of the New York Trenton. 

MINERAL REGION OF WISCONSrN TERRITORY-GALENA AND I'l'S VlCrNTTY. 

T,.i lobi les:-
Blue lilllestone. (Trenton of Dr. Owen and Dr. Locke.) 

Illrenns, (new) l 
Asaphlts, (new .) . . 
Cel'alt"""pleltl'exanthemns, (Green.) T rento.n limestone of New York, correspondmg 
POI·tion of an Isotelns gigas. lower pal t of tbe Caradoc, - - perbaps still lower. 
Calymene spinije"a, (Conrad.) 

Shells:-
StI·ophom.ena, (new.) 
Strophom.ena sericea, (Sowerby.) 
Strophomena altel'nata, (1) } 
Orthis aUemata, (1) Same of Lhe Trenton lime tone, New York. 
Orthis callactis. 
OYP"ic01'dites, (new.) 
Tl'Ochlts Isnticltlari8, (Sowerby.) Murch. SiL Syst. 
Ple!L1·otomaria. 
Bellel'ophon bilobatns. 
Orthoceras, (one species, large.) 

Cliff limestone. (Supposed by Drs. Owen and Locke to include the lead bearing rocks .) 

l Ure"ns, (new.) Same species as in the Trenton l imestone. 
St"ophomena deltoidea. 
At"ypa, (new species). 
I;illfllt1a, (new). Same with a Trenton limestone species. 
Eltom]Jhalns, (new) . 
Orthoceras; fragment, (undetermined). 

COl'als: 
Gyathopyll",,, cemtites (?). 
T""binolopsis, (new). 
Favosites, (new). 
POl'tion of an Asterea. 

ST. PETER'S' AND FA LLS OF ST. ANTnONY. 

StrophoIlIena, al1 ied to S. allernata. 
Sl"ophomena, (new species). 

~!is testlldinariao (Murch. Sil. Sys., pI. xx, fig. 10) . 

., (i'Ol't Snel li ng. 

with t he 
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Orthi. polyg!'all",a? (Murch. Sil. Sys., pI. XXI, fig . 4). 
Orthis, (t;hrec new species). 
Stenoscisma, resembling Te"eln-atulet SchoUMimii, (Dalman). 
Atrypa, (new species) . 
Plew'otoma"ia, (new species-numerous). 
EuomphallUl, allied to Mewlurites metgna, (Des.) 
Euomphal"s, resembling E. sculptus , tSowerby). 
L'hntgmolite., same as the Trenton limes tone, N. Y. 
Phragmolites, (new species). 
B elle"ophon bilobatus. 
Orthocems, (two species, undetermined). 
Or'inoiclal "emains of peculiar fo rms; one resembling Lipocrinites . 
Ttt" lJinolop sis bina? (Silur. Syst., pl. xVlbis, fig. 5). 
}I'avosites lycope"don, (Say). Trenton l imestone fossil. 
Favosites, (two new species). 
1'-'11coides , (obscure). 
Oyalhophyllum ceral"ites? 
T'I?'ritella. 

G. W. Feathe?·stonha~igh. 

XX I 

1847. A Canoe Voyage ttP the MillnCiY SOtOT, with an acco!tnt of the lead and copper 

deposits of Wisconsin, etc. G. W. FEA'l.'H)';RSTONHAUGH, two volumes, London, 1847. 

There is very little geology in these volumes. At Fort Snelling he " cursorily examined 

the limestone beds superincumbent upon the soft sandstone, in which were a great variety 

of fossils, such as Q?,thoce?'a, beUe1'ophon,fucoides, orthis, and other fossils characteristic of 

some upper beds of some Silurian limestones." Vol. I , p .258. 

D. D. Owen, 

1848. Repo?·t oj a geological ?'econnaissance oj the Chippewci Land DistTict oj Wisconsin, 

and inCidentally oj Ci po?·t'ion oj the Kiclcapoo count?,,!I, and oj a 1Ja?·t oj Iowa ancl oj the IJlinne­

sota Ten"it01"Yj made ?,mcle1' 'instntctions f rom the Un'iiecl States '1~'eaSti1 '?J Depa1't11lent, by 

DAVID DALE OWEN, M. D., U. S. Geologist for Wisconsin. Dated April 23, 1848, New 

Harmony, Ind. 

This is one of tl)e progress r eports of the survey which subsequently was reported 

fully in 1852, and much of its contents and nearly all of its maps and other illustrations 

are included in the la ter volume. It also embraces a report by Dr. J. G. Norwood on the 

lower waters of the St. Louis valley, and on the country between Fond du lac and the 

falls of St. Anthony. 

In an appendix are lis t" of fossils found in the formations at various points, viz., in 

the ' 'lower fossiliferous limestone at St. P eter's and Fort Snelling, which are identical with 

those occuring in the blue limestone of the Ohio valley;" " near the Big Spring on the 

Upper Iowa river," and "in the limestones (F. 3) of Turkey river, neal' the agency and 

vicinity." These. however , are classified and further reported in the final report, noted 

below. 

He does not mention definitely the probable age of the limestone at the falls of St. 

Anthony, but under the designations "Formation 3, " which Shumard divides into For. 3a, 

For, 3b and For. 3e, and "S~, Peter shell limestone," he states that the abundant organic 

remains embra~e so me species found in the inferior beds of the upper magnesian ( 'i. e. , 

0-------"" . -'-~--
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the Cliff) limestone of the Dubuque district, and some found in the Blue limestone of the 

Ohio valley, all being of Silurian type (p. 30). 

SilO John Richm'dson . 

1848 , A?'ctic searching e:GjJeclitio?1: a j01L?'nal of a boal vOl/age th?'OlLgh B1L1Je'rt's lanel and 

l he A?'ctic sea, in seanh oj' lhe discovery shilJS lmde?' comlltancloj' Si?' John F?'anklin, ?Vith an 

(t}Jpenclix on the physical geogmphy of No?·th Am.erica, by SIR JOHN RICHARDSON, C. B., F. 

R S. 8vo, 1852. Harper Brothers, New York. 

Dr. Richardson in this journey obtained information which authorized him to refer the 

limestones on the western shores of lake Wiunipeg to the Silurian, "chiefly birds eye 

limestone. " 

Fosle?' and lVhitney. 

1850, Repol·t on lhe geology and topog1'alJhy of a po?'ti on of the Lake Supel'io?' lancl clisl?'jct 

in the state of Jfichigan, by J, W. FOSTER and J . D. WHITNEY, U. S. Geologists; in two 

parts.-Pt. I, Copper lands; 31st Congress, 1st session, House doc. 69; Washington, 1850; 

pp. 1- ll24. 

On pages 117 to 119 the " Compact, or Lower Magnesian Limestone" is described; all 

the clastics, above the Potsdam, found j us t west of Keweenaw bay are included under this 

head. A small number of foss ils were collected and submitted to professor James Hall , 

who says: " The evidence from the whole together goes to prove that the rocks from 

wh ich they were obtained belong to the older Silurian period." Concerning the fossils , all 

of which were imperfectly preserved, the author concludes: 

"l!' rom all of tbe (acts, tbese fossils may be regarded as belonging to tbe earl ier types of urganic 
life, From Lhe l imited cale on wbicb tbese deposites a re developed, and tbe im perfect cbaracter of the 
organic remains, it is impossible ro ftx tbeir preCise equi valents in t he New York classification. Tbe 
sandstone and limestones wbicb we bave described may be regarded as tbe equ ivalents or tbe P otsdam 
and Calc iferous sandstones, tbe Cbazy, Birdseye, a nd Black River limestones, and pel'baps of tbe Trenton 
and even tbe Hudson R iver groups." 

This rock appears in outcrop "west of Keweenaw bay, " near the qual'ter-post 

between sections 13 and 14, township 51, range 35, also a little west of t he line bp,tween 

sections 23 and 24, extending for a little more than a mile, fOl'ming a high cliff running 

south. 

Foste)' and Whitney. 

18 51. Repol't on the geology of lhe Lake SupeTio?' lanel distTiet, by J. W. FOSTER and 

J. D. WHITNEY, U. S, Geologists; Pt. II. The iron region, together wfth th e general 

geology; Special session, March, 1851, Senate doc. 4; Washington, 1851; pp. 1-406. 

'rhis report is accompanied by several sections and a geological map of t he shores of 

lake Superior and the upper peninsula of Michigan. The map shows an area of Trenton 

limestone (including Chazy, Birdseye and Black River limestones ) along t he west shore of 

Green bay. On the east shore of this bay are rocks of the Hudson River group, and from 

here these two formations (Trenton and Hudson River) extend in a narrow belt northeast 

and east through the centre of the peninsula to its e1\stern end, the latter group lying 

immediately south of. the former. The Chazy, Birdseye, Black River and Trenton lime-
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stones, although of small thickness. are well defined and each shows its characteristic fossils 

similar to those of the same strata in New York. There are twenty-five fossils descr ibed 

and figured (nine for the first time); of these the following are from the last mentioned 

limestones and the Hudson River group:-

Phenopora multipora, n. sp. 
CIMhropora Mabellata, n. sp. 
Cbretetes Iycoperdon. -
Schi zocrinus nodosus" 
Echinosphrerites? n. sp. 
Murchi soni a major, fl . sp. 
Asaphas barra ndi , 1] . Ap. 

• Jlarpcs escalla bi m, n . sp_ 
Phacops call icephalus . 
Uaten ipora gracilis, n. sp. 
Sarcinula? obsoleta, n. sp. 
MorliOlopSis pholadiforru is. n sp. 
lIIod iolops is mod iolaris. 
A ru bonycb ia ca ri nata . 

F ossils l isted from the Birdseye, Black R iver and Trenton Iimestooes are given below:­

Plants. 
Palreophycus _ 0 

Cbmtetes Iycoperdon. 
Streptelasma co rni culum. 
- profunda. 
Sti ctopora ra mosa. 
S. elegantula. 
S. - n. sp. 

Scbizocrinus nodo.us. 
Homocrinus - ? 

Lingula mquali s. 
Orth is testudinaria. 
O. subrequata. 
O. pectinella. 
O. disparili s . 
Leptrena al temMa. 

Ambonycb ia ob tusa. 
Nucula levata. 

Subulites eloogata. 
Mu rcbisonia major. 
M. belliei ncta. 
M. -n. sp. 
M. a ngulata. 
Pl eurotoma ri a ien t icularis. 

Orthoceras multieameraLum . 
O. fus i torme. 

Blithotrepili ' succu lens. 
Phytops is tubu losliITJ. 

Corals. 

OI·i7loi(l£a. 

. t ic topora - n. sp. 
Pheoopora ruultipora, n. p. 
E scharopora recta. 
Clat,hropora flabellata, n. sp. 
Alilopora arachnoidea. 
Graptoli thus amplex icaul is_ 

Ech inospba)rite - n. sp. 
- n(lv. geous. 

Bmch-io pOlla. 

Lept,coa 01 i texta. 
L. seri cea. 
L . del to idea. 
L. tcoli istri aLa. 
Spir iter Iyox. 
Atrypa iocrebcsceos. 

Atrypa recurvirostra. 

Aeephala. 

'l'ellinomya dubia. 
Edmondia ven tricosa . 

Gaote)'opocZa. 

Pleurotomaria umbilicata. 
P. rotuloides. 
P . su bcon iea. 
Buean ia bidorsata. 
Belleropbon bilobatus. 
Cyrtol i tas Cu m press liS. 

Carinaropsis - n . sp. 

Cephalopoda. 

Ormoceras tenuiftllllD . 
E ndoceras protei forme. 

Gonioceras auceps, (west of tho lim its o[ the district). 

I sotel us g igas. 
Ill renus cl'ass icauda? 
Calymene blumenbachii Val'. seoari 'l. 
Pbacops callicepha ills. 
Ceraurus pleurexan thew us . 

C,·us tacea. 

A aphus extaus. 
A. barrandi, n. sp. 
ITarpes escanab im, n. sp. 
Lichas trento nensis. 
Cytherioa [abulites. 

- ----=-= ............ ..-,--



xxiv THE PALEONTOLOGY OF MINNESOTA. 

Those (rum the Hudson R i vel' group are:-

Cbmtetes Iycoperci on. 
FavisteJla steJla ta. 
Streptelasrua - n. sp. 

Lingula quadmta. 
Orthi s testuctinaria 
O. oeeiden talis 
O. sub.iugata. 

Amhonychia earinata. 
Avi cula ci emissa. 
Mociiolopsis mociiolaris. 
M. pboladiformis, n. sp. 

Murchisonia gracilis. 

Ortboceras lameJl osum. 

Plctnts. 

BuLhotl'ephis suboociosa. 

Com/so 

Orinoidea. 

- 0 nov. genus and sp. 
Ca tenipora gracili , n. sp. 
Syringopum obsoleta, n. sp. 

Columns of Heteroerinus aod Glyptocrinus_ 

Bmchiopoda. 

Acephala. 

Ol'tbis subquaclrala . 
Leptmoa alteroata. 
L. sericea. 
Atrypa incl'ebeseeos. 

Modiolopsis aoaclootoicles. 
Nucula - ? 
Lyrodesma _ 0 

Cleidophol'LlS pla Dulatus. 

Gasteropoda. 

BelJel'ophoD bilobatus. 
Cyrtoli tes oroatus. 

Cephalopoda. 

Orruoeeras crebJ'iseptLlD.l. 
OI~<8tacea. 

I sotelus megistos. 

In the classification of the formations (pp. 2·7) Messrs. Foster and Whitney distinctly 

separate the Galena limestone from the " Cli1I or Upper Magnesian limestone," of which it 

had hitherto erroneously been supposed to be a part. But the interlying Blue shale (the 

Maquoketa) they suppose to be " associated with No. 3. or the Blue limestone and marls of 

the west," which at that time were regarded, without dissent, as the equivalent of the 

Trenton. It is plain therefore that although they distinctly recognized the Hudson River 

strata in Green bay, overlying the Galena beds, they could not satisfactorily adjust the 

" Blue shale" of Locke in the MisSissippi valley, in the same position. The term Galena 
li!llestone is first met with in this report. 

This separation was evidently due to the paleontological determinations of Prof. 

James Hall. who in Chapter IX details the geographic distribution of the Chazy, Birds­

eye and Black River formations, and names the fossils found by him in the lead-bearing 

rock, none of which could be assigned to the Upper Silurian. He remarks that if the 

Hudson Ri ver beds of the Green Bay region should finally be discovered in the Mississippi 

valley they must lie above the Galena limestone, but that he had been unable to trace them 
from one region to the other. 

D. D_ Owen_ 

1852. R eport oj a geological sm'vey oj Wisconsin, IO'LGCt and .Minuesota; and incident­

(Lily oj a lJ01-tion oj N eb1'C£ska ter?'it01'y, m.ade 'uncle?' instn<ct-ions ji'om the Un·ited States 

t?'wsu1'11 depm·trnenl, by DAVID DALE OWEN, United States geologist, Philadelphia, 1852, 

4to, numerous illustrations, maps and plates, pp. XXXVIII and 635_ 
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Dr. Owen, in the preparation of his r eport (pp. 71- 73), evidently included in form­

ation 3 not only the Trenton, as seen at the falls of St. Anthony, but also rocks of the 

hori zons of the Hudson River, the Galena and the Niagara limestones, thus not recogni z· 

ing the Upper Silurian. This is apparent from the following r emarks, p . 73: 

"Many species found both by Dr. Shumard and myself, in the lower shell limestone o( the Upper 
Mi 5i s ipp i are idel1ti cal with fo rms occurring botb in tbe substratum of gray limestone at E agle Po in t 
in the Dubuque district-figured a nd described in my report of 1839-and in the blue lim esto ne of the 
Ohio vall ey. Those of the uPllel' dil' lsion [For. 3, c], resemWe rather the species fou nd in the in feriur 
heds of the Upper Mag nes ia n limestone o( that di strict. But all , so far as our examinations have yet 
extended, are oC Lower Siluri an type ." 

'fhere is, therefore, some contradiction between the earlier and later portions of this 

magnificent report, and in the application of th e chftracters (F. 3, a, b and c), by which h e 

chose to desig nate the different parts of Formation lIf. It is evident, whether these 

terms describe this formation "high up on the Turkey river" (p . 73) , or " on the heights 

at Fort Snelling," that the lettering of the parts, and the descriptions of th e sections (see 

Sec. 2, R. at the falls of St. Anthony) are intended to be applicable to t he same beds, 

although the thickness is supposed to be greatly reduced at the falls of S t. Anthony. 

The general r eport passes from this immediately to the Devonian as it occurs on the 

Cedar and Lower Iowa rivers , in Iowa. At the falls of St. Anthouy, h owever, Dr. 

Shumard's section, to which Dr. Owen refers, is as follows (Plate, Sec. 2, R.): 

Upper Shell l imestone, F.a, c.6 feet, 1 
Non- fossiliferous bed, F.3, b, 5 feet, )- St. Pete r Sbelllime to ne. 
Lower Shell limestone, F.3, a, 23 fee t, J 

In the final discussion of the paleontological results as presented in the tables at the 

eud of the volume, it becomes apparent that Dr. Owen had discovered that under the 

designation" Formation III," especially in Iowa, he had included some beds which actually 

contained an Upper Silurian fauna, and the following section is finally given, [see table, 

p. 624.] 

Ooralline a nd Upper Pentamerus beds , F. 3. c. Opper Silurian. 
= Olinton and Niagara group of New York. 

Lead-bearing beds of tbe Upper Magnes ian limes tone, F. 3. b. 
= Utica slate and Hudson l~ i ver group of New York. Lower Silur ian. 

Sbell beds, F. 3, a- Trenton limestone of New York. Lower Siluri an. 

The term " St. Peter's 8helllimestone" therefore is here made the equivalent not only 

of the shell beds described by Shumard at the moulh of the St. Peter's (Minnesota) river, 

but of all the Trenton beds, or " Blue limestone, " up to the base of the leac1-bearing beds, 

which at St. Paul carries the St. P eter shell limestone to near the summit of the hills, or 

about 90 feet higher than proposed by Shumard. 

The strata covered by the scope of the present volume are arranged by Owen in th e 

following scheme: 

1. FOl'matiou 3 b. Lead-bearing beds of t be Upper Magnesian limestone. 
2. Formation 3 a. St. P eter's shell limes tone. 

The second of these was divided into three parts by Dr. B. F. Shumard under the 

following distinctions as seen at St. Paul and the falls of St. Anthony, in descending 

order: 

- -~<===--=-=::";":====-==---'-' ----::~. -'----
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1. Grayish buff-coIDl'ed magnesian limestone. with numerous casts of foss ils. Thickness not g i v~n. 
2. Ash-co lored arg illaceous hydraulic lim estone, sometimes with co nchoidal fracture. No fosslls 

observed. Thiclrness 5 feet. 
3. Ash·colored li mestone, clouded with bl ue, full of foss ils. Contains about 65 per cent. carbonate 

of lime. Thiclrnes, 15 feet. 

In the appendix, Article III, p. 598, is a short"discussion of the tables showing the 

distribution or the foss ils collected by Dr. Owen 's survey. The following thirty-seven 

"may be referred to species distributed through the Trenton limestone, Utica . late and 

Hudson River group of New York, as follows: 

Cbretetes Iycoperdon. Leptrena alLernata. 
Co nularia t rentonensis. Leptrena seri cea. 
Ambonychia undata. Leptrena deltoidca. 
Ambonycbia amygdal ina. Atrypa hemiplicata . 
Nucula levata. Atrypa. mod es t,a. 
Bellerophon bilobatus. Atrypa capax. 
Pleurotomaria lenticula ri s. Spirifer biforatus. 
Pleurotomaria snbconi ca. Ortb is testudinaria. 
P lenrotomar ia lImbilicata. Orthi s tricenaria. 
Subulites elongata. Lingu la quadraLa. 
l\furchisonia subfus iformis. Echino-Encrinites anatiformis. 
Murchison ia bellicincta. Heterocrinus heterodactylus. 
l\furcbisonia tricarinata. Calymene senaria. 
Cyrtoceras macrostomum . Jsotclus gigas. 
Ortboceras vertebrata. I11 ::enus crassicauda. 
Ortboceras laqueatum. Cerallrt1s pleurexanthemus. 
Ortboceras junceum. Phacops ca llicephalns. 
Leptrena planum bona. Lichas t rento nensis. 
"One speCies, Gonioceras anceps, is peculiar to the Black River limestone; one, the Orthoceras 

mull icameratum, to tbe Birdseye limestone; a nd Maclurea magna, to t be Cbazy lim estone." 

In addition to the foregoing his tables also contain the following, referred to the 
" Sheil beds" or Trenton limestone. 

Asapbus iowensi s. Orthoccras undulostriatum. 
I1lrenurus ol'ali s. Uampulites arcnatus (?) 
Bumastus barriensis. Endoceras protei forme. 
Lituites undatns. E ndoceras suhcentrale . 
Litnites con\'olvans. Trocbolites ammonius. 
Oyrtolite ornatus. Ortbis subrequata. 
Cyrtolites com pres us. Orth is suhquadrata. 
Ambonycbia orbicular is. Orthis occidenta li s (?) 
OrLhis bellarugosa. Leptoona deftecta (' ) 
Ortb is sinuata. Leptrena recta. 
Ortbis c1isparilis (?) Leptrena trilobata. 
Ortb is perveta. SelenOicles iowensi . . 

rrhe following are referred to the age of the Utica slate : 

Asapb us iowensis. Belleropbon bilobatus. 
Cyrtoceras conicum. Ambonychia obtusa. 
Campulites vcntricosllm. Spirifer lynx. 
Trocbolites ammon ius. SpirHer lynx, va r. biforatliS. 
Maclurea magna. Ortbis testlldi naria. 
Pleurotomaria lenticularis . Leptrena alternata. 
MUl"Chisonia bellicincta. Leptrena sericea. 
Murchisonia abbrel' iata. Atrypa bem iplicata. 
Murcblsonia subfusiformis. Atrypa capax. 
Murchi sonia tricar inata. Lingula quad rata. 

The following are referred to the age of the Hndson River group. 

Calymene senaria. Endoceras cuvieri. 
Cyrtoceras macrostomum . Pleurotomaria subconica. 
Orthoceras ve rt.ebrale. Pleu rotomaria bilex. 



" HISTORICAL SKETCH. XXVll 

The fossils of F. 3 are represented in Table II, rIa and lIb. 

In the general table of stratigraphical and geographical distribution of fossils , Dr. 

Owen represents the lead-bearing beds (For. 3b) as the equi valeut of the Utica slate and 

Hudson River group, and he indicates what fossils of these beds are found in the Utica 

slate and Hudson River in New York. Thi s is a very meager shOwing, as might be antici­

pated from the fact that the true horizon of the Hudson River group is entirely above the 

lead-bearing horizon, and between it and his "Coralline and Pentamerus beds." 

In another table, of the equivalency of the formations of the lead region with the 

New York system, not only does he express the same idea, but shows clearly that he re­

garded the Shell-bed (For. 3a) as the representative of the whole of the "Blue limestone" 

of Ohio, and also makes it embrace the Trenton and Black River limestones, the Birdseye 

a,nd Chazy having no representative in the upper Mississippi valley. 

It is singular that neither the survey of Foster and Whitney, whose parties visited the 

lead region and the falls of St. Anthony, nor that of D. D. Owen, whose central and most 

important area was that covered by the Lower Siluriau, in the upper Mississippi valley, 

detected the Hudson River group in its true position, a lthough they both made some 

quasi provision for it in their classification. 

Edwanl Daniels. 

1854,. Fh'st cmnual j·epOj·t of the Geological SW'vey of t.he state of Wis consin, by 

EDW ARD DANIELS; Madi~on, 1854; pp. 1-84. 

This report is devoted chiefly to the economic resources of the lead region. Two 

geological sections are given, one from Dubuque to the Blue mounds, and the other a 

vertical generalized section of the rocks of the lead region; the latter is as follows: 

1. Drift; 20 feet. 
2. Coralline. beds of Dr. Owen; 300 feet. 
3. Nucula shale; ]5 feet. 
4. Gray limestone-the lead-bearing rock; 250 feet. 
5. Blue limestone; 40 feet. 
6. Buff-colored limestone; 30 feet. 
7. Sandstone; 60 feet. 
S. Lower Magnesian limestone of Owen; 200 feet. 

The Nucula shale of this section is the Blue shale of J, G. Percival. It is said to be 

thickest in the lead region and to gradually thin out toward the north and east. 'l'he 

fossils being all of diminutive size, he styles the shale a "fossil Lilliput," analogous to 

Hugh Miller's "age of dwarfs" among the fishes of the old red sandstone. He does not 

assign it to any place in the New York system. 

The Blue limestone is considered as " undoubtedly the equivalent of the Blue lime­

stone so abundantly developed at Cincinnati." The Buff limestone is below the Blue. 

J. G. Pm'icival 

1855. Annualj'elJ01"i on the Geolog'ical Sm'vey oj the state of Wisconsin. By JAMES G. 

PERCIVAL; Madison, 1855; pp' 1- 101. 

The entire r eport is given to economic geology and the lead region is the only part of 

the state described. The series of rocks found here is as follows: 
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"J. The Mound strata, cons isting of three d istinct beds of limestone; t he upper, middle an~ 10~~~ 
2. A bed of Blue shale sepamting the Mound stl'ata f rom tbe next lower Illuestone se ~l es. 3. 
Upper Magnesian of Owe'n, also cons isting of three distinct beds. 4. The Blue limes tone, Including t he 
Blue and BulI limestones of Owe.n (1st Rep.,) also presenting three distinct beds. 5. The Upper Sa nd ­
. tone. 6. 'l'he Lower Mag nes ian of Owen. * •. * * 7. '1'he Lower Sandstone." 

The Blue shale here iudividualized, being the "Nucula bed" of Dauiels, became sub­

sequently known as the Maquoketa shale. Percival calls attention to the small fossils, 

but seems to have no idea. as yet, of the equivalence of this bed with the Budson River of 

New York. He gives it a distinct place in the lead region, viz., between the Mound 

limestone (the Coralline limestone of Owen) and the Upper Magnesian limestone. The 

term "Blue limestone" is here made to include the Blue and the Buff of Owen. 

J . G. Pej'cival, 

1856 . Annual j·epoj·t of the Geological St£?'Ve'1J of the state of Wisconsin . By J. G. PER­

CIVAL; Madison, 1856; pp. 1.1U. 

This is acontinuation of the descriptions of Dr. Percival's first report. He gives more 

details of the li thology of the several formations, spoken of in the other report, and the 

characteristics of the minor divisions of each. He mentions shells of the genus Leptccna as 

being characterastic of the' 'Blue limestone." Below the coralline beds of Dr. Owen he de­

scribes a blue shale "underlying the mound limestone, and thus immediately above the 

upper magnesian," (p. 14) . This he de, cribes at numerous points in the Mississippi valley, 

and affirms that it occurs in the eastern part of the state, describing it at several points on 

the narrow peninsula which forms the eastern side of Green bay . This seems to have been 

the first published identification of this shale with the Hudson River rocks of the east 
shore of Green bay. 

James Hall. 

1858 . Report of the Geological SUTvey Of the state of Iowa, embmcing the j'esltlls oj 

investigations 1Jw(le cluring pOl't ions of the yeaTS 1855·56, and 57. By J AMES HALL and J. 

D. WHITNEY. Vol. I, parts 1 and2(in two volumes), 1858. 

In giving a general review of the format ions (Chapter III) Prof. Ball states that the 

" Trenton limestone with the subordinate beds of the Birdseye and Black River limes tones, 

preserve, at several pOints above Dubuque, upon Turkey river and other places in Iowa, 

at Platteville ,tud Mineral Po int in Wisconsin, at the falls of St. Anthony and at St. Paul 

in Minnesota, iu a greater or less degree, their distinctness of character and position." 

In a section at Pike's hill opposite the mouth of the Wisconsin river he includes the Trenton 

and Birdseye limestones between the Galena and the "magnesian beds below," giving 

them a total thickuess of 75 feet. In other words, he excludes both Trenton H.nd Birdseye 

from that stratum of the Lower Silurian which later became knowu as the Buff limestone, 

and which still later came to be considered exclUSively as the Trenton. With these he also 

must necessarily have excluded the Black River limestone. In a section at Clayton (p. 56) 

he describes the Galena as alternating with the Trenton. The total thickness, between the 

St. Peter sandstone and the Galena, he found at Guttenburg to be about 100 feet, and in 
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the same place he mentions Receptaculites over 50 feet below the base of the Galena lime 

stone. The same occurs at Elkader mills. 

The Galena is estimated, at Elkader mill. , as 130 or 140 feet thick, and at Dubuque 

as 200 or 250 feet thick. "From all the sections measured it is very certain that the Galena 

limestone gradually thins out to the north and northwest, and at the same time loses 

very much the characteristic features which distinguish it in the productive lead region." 

'rhe uppermost beds at Elkader mills are said to be "black on fresh fracture, weathering 

to light gray or drab," an evenly bedded limestone with shaly partings. 

The Hudson R iver group, which had been described by Percival in Wisconsin under 

the name of " Blue shale," was recognized by Hall i.n Iowa, occupying a slope usually 

without exposure of rock, situated between the Galena limestone and the magnesian 

limestone which forms the capping of numerous mounds in the northeastern part of Iowa. 

These beds were found to be characterized by great numbers of small orthoceratites and 

Nucula. The basal member is a black slate "not unlike the Utica slate," and contaius two 

species of Lingula, one much larger than the other. The total thickness of these beds is 

not more than 60 feet. " T he term 'Blue limestone' was originally applied in the Ohio 

geological reports to the shales and limestones of the Hudsot:! River group as developed 

in the neighborhood of Cincinnati, and these were formerly supposed to be the continuation 

of the Treuton limestone of New York." The foss ils described in Part II of this report 

a re Devoniau and Carboniferous. 

J'. D. Whitney .. 

18 58. In the same volume as the last noted the chapter on " Chemistry and Econom­

ical Geology" is by professor J. D. WHITNEY. He reviews the geological succession in 

Iowa. 

The term " B lue limestone " here is made the equivalent of the Trenton, including all 

the strata from the St. Peter to the Galena, and the Buff limestone is a subordinate 

member at the bottom, which for convienence of description could be distinguished" from 

the Blue limestone proper. " The Buff varies from 15 feet to 20 feet in thickness, and the 

B lue proper from 70 feet Lo 80 feet. In the discussion of the stratigraphy and the chemical 

compositiou it is notpbin whether the author speaks, generally, of the Blue limestone or of 

the" Blue limestone proper." The" glass rock" characters are common neal' the bottom. 

This is a nearly pure carbonate of lime, fine-g rained, imperfectly crystalline, easily 

breaking into cuboidal blocks with a smooth, often conchoidal fracture. The passage from 

the Trenton to the Galena is by a series of alternations of purely calcareous and calcareo­

magnesian layers. 

The greatest thickness of the Galena is at Dubuque, 250 feet, and f rom that point it 

seems to thin out in all direc t·ions. This is a dolomyte, and resembles the Lower Magne­

ian limestone. Toward the top it becomes shaly, and gradually passes into the Hudson 

River shales. The central portion is massive, coarsely crystalline, with cavities that 

appeal' on weathel'ing, with chert and other siliceous impurities, and the lower beds become 

-'----
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less dolomitic, with alternations of shale and of Blue limestone. Receptaculites is confined 

to the Galeua limestone, within the mineral district, but further north, as ou Turkey and 

Upper Iowa rivers, it is abundantly scattered through the shaly beds of the Blue. 

'1'he Hudson River shales contain from one· tenth to one-fifth of their weight of carbon ­

aceous matter, ,. The Hudson River shales, with the closely allied Hudson River slates, 

seem to have been deposited under conditions somewhat resembling those under which the 
true coal- bearing rocks were accumulated." 

H em-y D. Rogers. 

1858. The Geology of P ennsylvania, C/, gove1-mne1lt Slt1·vey. By HENRY DARWIN 
ROGERS. Vol. II, Philadelphia, 1858. 

In the discussion of the history of the Matinal period (p. 784) , the author makes a sugges­

tion, calTied out more fully by Mr. C. D. Walcott iu 1879, that the Galena limestone oc­

cupies nearly the same stratigraphic position as the Utica slate of New York. He adds: 

"Dut whether it was produced in the same age with that deposit, orin that next before it, or, 
again, in that next after it, we are without the means, for the present at least, of ascertaining, since the 
black slate a nd it nowhere occur in the same districts, nor even approach each other by a wide geograph­
ical intefl' al. * " * * " • The very marked tranSition between the Matinal argillaceous limestone 
[Trenton] and thi s lead-bearing rock, in regard to their organic remains, strongly intima tes that som e 
important physical change took place in the interval. " 

It is evident, from the last remark, that Prof. Rogers considered, at that date, the 

lead-bearing rock as a part of the Cliff limestone, as stated by Hall. This idea, however, 

had been corrected prior to the publication of the P ennsylvania report, largely through 

the agency of Prof. Hall, in the report of Foster and Whitney (1851) , though perhaps not 

prior to the time at which Prof. Rogers wrote the above words. At any rate, as a matter 

of fact, there is no great contrast in their organic remains, between the Trenton limestone 

and the lead-bearing rock. The contrast which Prof. Rogers refers to as obtaining 

between the Matinal limestone and the Cliff (Niagara) to which the lead-bearing rock 

had been referred by Owen and Hall, as those formations are represented in New York 

and Pennsylvania, is that which is now well known at the top of the Galena. 

Eclwc/'1'(1 Daniels. 

1858 , Annt!C£1 R ep01't oj the Geolo.gical Slt1'vey of the State of }0isconsin, f01' the yew' 

enrl1:ng Dec. 31, 1857. By PROF. E . DANIELS, Madison, 1858. Pamphlet of 62 pages. 

The author, in describing the iron ore at Iron ridge, Dodge county, reverts to the fact 

that he made the discovery of the "Blue shale" in 1851, and described it as "Nucula shale" 

in 1853. He evidently is in error when he states (p. 13) that this stratum had been 

" recognized by Prof. Hall in Foster and Whitney's report on the Lake Superior Land 

district as belonging to the Hudson River group, " since it was only in the Green bay 

region, in the eastern part of the state, that Prof. Hall recognized the Hudson River 

formation, and there was then no known connection of the Blue shale of the Mississippi 

valley with the Hudson River strata seen in the region of Green bay. 'fhis connection 
was pointed out by Dr. Percival. 
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H em'Y Yo~.le H ind. 

18 5 9. R epm·ts of progress: togethm' with a p l'eliminm'Y (md genen.l Tepol·t on -the 

A ssiniboine (£ltd Saskatchewan explorin.q expedition, made un del' inst'l"lwtions f rom the P ro­

'vincial Secl'elal'Y, Canada. By HENRY YOULE HIND, M. A., Professor of Chemistry and 

Geology in the University of Trinity Col}ege. Toron to, 4to, with maps and plates, pp. 

201, 1859. 

This valuable r eport, which is too often ignored by late r t raveler s i n making the ir 

reports on the region, g ives definite iufor mation concerning the paleontology of the rocks 

on the wes tern side of lake Winnipeg, accompanied by detailed sections of th e str ata. 

"Nearly the whole leng th of the western coast of lake Winnipeg is composed of. lime· 

stones, sandstones and sh ales of S ilurian age." T hese are assig ned to the Chazy, Birds· 

eye, T renton and Hudson River formations. r1'he Chazy is a cr umbling sandrock (the St. 

Peter sandstone of Owen) . The Hudson River g roup is seen in cli ffs 25 feet high at Stony 

F or t, on the Red r iver. He quotes the description of Owen who vis ited and r eported on 

the Red River settlements in his final report on Iowa, Wisconsin and Minnesota, (p 181) 

in 1852. The fossils r eported by Owen, f rom Lower F or t Garry are: F avosi tes basal tica, 

Coscinipora sulcata, hemispherical masses of Syringopora, Chretetes lycoperdon , a 

Conularia, a small , beautiful unde termined species of Pleur or hynchus, Ormoceras bron· 

gniarti, P leurotomaria lenticularis (?), L eptrena alternata, L ep trena plano· convex a (?), 

Calymene senaria, and several specimens of the shield of Illrenus cr assicauda. 

" Many of these a re ident,ically the same fOSS il s which occur ill the lowel' pa rt of Fo rmation 3 ill Wis. 
consin and Iowa, in t he Bl ue limestones oC Indiana , Ohio, Ke ntucky and Tennessee, and also in the 
Lower Silu rian of Europe." 

In this report Mr. E . Billings, paleontologist of the Ca nadian survey, contrib utes a 

chapter on the paleowic fossils, describing two new S ilurian species, v iz" Modiolopsis 

parviuscula, and Orthoceras simpsoni. r1'hese and the oth er fossils named by him are 

consider ed sufficient to show that the beds containing them are probably about th e age of 

the Chazy and Black River limestones. 

Jmnes I:Iall. 

1861. R epol·t of the SupeTintendent of the Geological S twveJj of Wisconsin, exhib'iting 

the 111'OrJl'ess of the wm'le, Jan. 1, 186l. By JAMES HALL; Madison, ] 86l. 

This r eport is devoted almos t entir ely to the description of fossils of whi ch the follow· 

ing are f rom the T renton, Galena and Hudson River:-

R ecep taculites owen'! flaI l. "In the Galena limes toneof Wi conSin , nOI'thern Illinois and the eastern 
part of Iowa thi s fossil is eve rywhere pre ent and is the most marked a nd cbaracte ri stic forru 
in the rock." 

Recep taculites iowene Owen. Galena l imes tone. 
R ecep taculi tes j1tTl.gosum Hall, Galena limestone. 
Receptaculites globulm'e Hall. Galena limestone. 
Grul)tolithus (Diplogl'apt. ,s) p eosta Hall. Hudson River sba les. 
Dictyonema neenah Hall. T renton limestone. 
Buthogmptus lax us, n. sp. Trenton limes tone. 
Te llinomya injlatu, n. sp. Trenton li mes tone. 
Tellino1ltya a,ta, n, sp. T renton limes tone. 

-'----
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7'ellinomya ven trieosa, n. sp. Trenton lime ' ton . 
Tellino1l!ya ovctta" n. sp. Trenton limestone. 
CYP"iea"dites rotnnda, n. sp. Trento n (Buf1') limes ton e. 
Cyp'rieal'diles n'iota, n. sp. Trenton (B uff) lime tone. 
Cyp,ieardites reetimstra, n. sp. Trenton (Buf'f ) limestone. 
Mod'iolops;splanus, n. p. Trenton (Buff) lime to ne. 
Modiolopsis? superbus. n. sp. Trenton (Blnff) limes tone. 
Ambonyehia lamellosa, n. sp. Trenton limestone. 
Am.bonyehi,., planistl-iata, n. sp. Trento n limestone. 
Ambonyehia e"eeta , n. sp. Trenton limestone. 
Ambonyehia atte""ata, n. sp. TrentoD (Buff) limes ton e.. 
Pleu1'Oiomaria niola, n. p. Trenton (Buff) lime to ne. 
Pleu,·otoma.·ia nasoni n. sp. Trenton (Buff) limes~o [J e. 
Pleurotoma"ia semele, n. sp. Shales above Galena limestone. 
Maelm'ea bigsbyi, n. sp. Trento n (Bllff) limestone. 
E ceuliomphalus undtllatus, n. sp. Trel. ton (Buff) limes tone. 
LittlUes undatus va.' ., oeeidentalis n. sp. 1'renton (Bun') limestone. 
Dituites "obertsoni, n. sp. Trenton (Bufl') limes tone. 
CYI·toee,·as whitneyi, n. sp. Shales above Galen,t l imes tone. 
Cy,·toeeras neleum, n. sp. Tren ton (Buff) lim es tone. 
Cyrtoeems eng'i""" n. sp. Trenton (Buff) limes ton e. 
C,-y loee"as loeulosu"" n. sp. Trenton limes tone. 
Onoeems ab"upt""" n. sp. Trenton limestone. 
Onoeeras plebei""" n. sp. Trento n (Buff) limestone. 
Onoeeraspandion, n.sp. Trento n (Bu ff) limes tone. 
Olloeeras lyeu1lt, n. sp. Trenton (Buffl limestone. 
Onoeems aleeu"" n. sp. Trento n (Buff) limestone. 
Orthoeems g" ega"iu"" n. ~p. Shales abo ve Gale na limestone. 
Orthoceras planoconvex"1It, n. sp. Trenton (Butf) limestone. 
Gonioceras occidelltalis, n. sp. 'l'renton limes tone. 
Illcenus taw 'us, n. 'p. Trenton (Buff) li mes tone. 
Calyme"e 1Itam1ltilata, n. sp.Sha le above Galena limestone. 

O. L. Anderson and Thomas elm-k. 

1861. Repol-t on Geology and a plan j01- a Geolog'ical Survey. By ANDERSON and 

CLARK; addressed to the Legislature of Minnesota, Jan. 25, 1861. In this report Mr. 

Anderson follows Dr. Owen, denominating the limstones at St. Paul, and the falls of S t. 
Anthony, " Shell or Blue limestone. " 

" Its distin!(uishing fossil is Lept::ena, some (Hteen species of wh ich occur in it. Orthoceratites are 
exceed ingly common, a nd the speCies numerous. Some 01 them are of enormuus size, measur ing nine or ten fe~t ill length. " 

He remarks that the line distinguishing this from the "Upper Magnesian limestone ,. 

is difficult to find, and that Dr. Owen cla,ssed them together. We have seen, on the con­

trary, that Dr. Owen, in his final report, considered the Upper Magnesian limestone, or the 

the lead-bearing portion of it to which the the term was latter ly confined, as the equivalent 

of the Utica slate and the Hudson River group, and that he parallelized the " Shell or 
Blue limestone" with the Trenton. 

As to the Galena limestone, these authors are inclined to consider it almost if not 

entirely wanting in Mi nnesota, but suggest that it may exist in some of the high bluffs in 
the middle southern Counties. 

James Hall_ 

1862. R 3POr/. on the Geologicrtl Sltrvey oj the State oj WisconSin, Vol. I, 4to, 1892 . 

.T AMES H;ALL <tnd J. D. WH!TNE;Y. By authority of the Legislature of WisconSin. 

--
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Chapter IX is devoted to the paleontology of Wisconsin . After a short description of th e 

conditions of preser vation of fossils in the var ious form ations, the chapter contains a cata ­

logue of the paleozoic foss ils of Wisconsin, including those described by Owen, Conrad, Hall , 

and others. f rom localities within the state. and tho e which had been iden tified with 

species described from other sta tes, giving references to orig inal descrip t ions and to other 

p ublications. 'l'his catalogue also inclndes the names of fossils identified in th e st,tte on 

authori ty of I. A. L apham. L ocalities are generally not men tioned. 1<'oss il5 are s imply 

referred to their formation, and to the places where originally described. 

Tbere is a " note on the H udsou R iver gronp, " and i ts use as a geological term, which 

r ecommends that the term be dropped, because of the discovery of ch aracteristic Tacon ic 

fossils in very much of the area over which the rocks of this g roup h ad been s uppo ed to 

extend in the Hudson valley, (pp. 443·445. See also foot uo te, p . 47 .)""" 

Of the "Buff limestone" the section g iven (p. 34) at the fall s of St. Anth ony is qni te 

inapplicable, and must have been r eferred to tha t locality by mistake. On p . 37 th e 

same section is r eferred to the B lue limestone. This limestone in southwes tern Wiscousin 

is not regarded as so nearly resembling the typical Trenton limestone, e ither iu li thology 

or in fossil r emains. as the overlying Blue limestone. Its thickness is about 20 fee t. It is 

an impure dolomyLe, but sometimes quite a rgillaceous. 

'fhe Blue limestone is thin· bedded, bluish 'gray, sometimes almost entirely mtlcareous 

but usually with seams of argillaceous matter, and in some locali ties having a distinctly 

" slaty " structure. "In the norther n par t of the state, aud the adj acent par ts of Minne­

sota, thi. rock is sometimes more heavily bedded and compact, wi th layers separa ted by 

several inches of shaly matt!'!r . 

Prof. Hall at the t ime considered the Buff limesto ne (i e. the building-s toue laye r. at 

-Minneapolis) as the near parallel of the Birdseye and Blauk River limestones, remarking 

th a t the large orthoceratites, Gonioceras and Litnites mark in more eastern localities th e 

horizon of the Black River limestone; and that these fossils in the west hold a position 

ever ywh ere below the beds charged wi th the mOre char acteristic fossils of the Trenton 

limestone (lJ. 36). T he au thor illustrates lamellibranchs and gasteropods from t he 

B uff and trolibites and brachiopods from the Blue. 

The Galena is a compact, crystalline, heavy· bedded dolomyte with numerous cavities 

aud veins in which sometimes is brown spar and sometimes sulphides of lead, zinc and 

iron, its g rea.tes t thickness being 250 feet. It was ident ified as far northeast as the 

E scanaba river in Michigan . 

Receptaculi tes is its pr incipal foss il, but there a re several species. In the upper beds 

Lingula quadrata usually abounds, also large orLhoceratites. 
'*" Th is recommendation, bowevcr . was subseq uen tly witbdl'tl.wll on the ground t,)I a. !. Luo iduI. of Lbo tOI'lO 1.1 udson ltl \'or 

was not Incorrect. It was u. m ista.ke to ex tend th e term ovor roo ks tha.t were roun d to be oC Taconic age, but that was u. 
mistake at ldenti i1 oatlon. 'rh o true Hudson River idea. pertained to the UPPCI'llloSt lJ ol'izou of t.he Lo wel' Sl ltll'lan, a.nd as 
such I t had LL ba!?ls at stratigrapllic as well as paleontologlo ract which could not bo a ffeot.ed by any el'ror iu t he mCI'O 00 11 -
st l"llctlan at a map. Tb e same mistake waS made by Or. Emmaus In the represented extension of h is '1laconic. as he Incl uded 
111 I t erronflollsiy some 100n.ll t les or L ower Sli uri 'l. 1l l'oe1e. But h is iduf. was u. prlmo:dlal 0 11 0, nnd On tho later cO l"I"ecLiol1 of 
his ruap, bls idea stands <.\.S intact as t.haL or the Hu<l sou Ri vel' STOUp. t;ee A lII. Assc. A d\'. Sci. 1877, Nasll\'i lle Meet.i ng. 
p p. 259-265. 

--'----



XXXI V THE PALEONTOLOGY OF MINNESOTA. 

The" Green and Blue shales and limestones" with a thickness of 60 to 100 feet, are 

next above the Galena. 'rhey are supposed to be in a general way, the equivalent of the 

Blue limestone of the Ohio geological reports and of the Utica slate, the Frankfort slate, 

the Pulaski shales and sands toue and the Lorraine shales of the New York geological 

reports. So far as noticed this is the first reference of the "Blue shales and limestone " 

of Ohio to this horizon in the Northwest, although they had been stated to be of the 

age of the Hudson River group in 1842 by Prof. Hall. The Blue limestone of Ohio had 

hitherto been regarded, even by Hall, as suggested by Dr. Locke, as equivalent with the 

Trenton, and the term was t ransfflrred from Ohio to the Mississippi valley for that 

reason.·x, This series in New York had a thickness of 800 to 1,000 feet, but g radually 

diminishes westward. The characteristic organic remains are lamellibranchs. trilobites 

and bryozoans. The brachiopods are Strophomena, Orthis and Rhynchonella. Orthis 

occidentalis and Strophomena alternata occur in the upper beds in the southwestern part 

of the state and adjacent parts of Iowa. However, the most abundant and characteristic 

fossils of the upper beds in the southwestern part of the state are a small Nucula and a 

Clidophorus, along with a small Pleurotomaria and an Orthoceras. The fauna of these 

beds in the lead region is different from that of the same strata in the region of Green bay . 

J. D. Whi tney. 

1862 . Repo1't 'U1Jon the Leacl Region, comprising chapters II, III, IV, V, and VI, of the 

" Report on the Geological Survey of Wisconsin, vol. 1. 1862," last mentioned. 

The term "Blue limestone " here is made to cover all the strata from the top of the 

St. P eter sands tone to the bottom of the Galena, comprising a vertical series of from 50 to 

100 feet. The term .. Buff limestone" is quite subordinate, being applied to a non­

important .. buff· colored stratum " designated by that term by Dr. Owen in the map 

accompanying his report of 1840, as revised and republished in 1844. This term, and the 

stratum to which it was applied, came to be known as the Buff limestone in all later 

reports. It has a thickness of about 25 feet, and is supposed to be the equivalent of the 

Chazy, Birdseye and Black River limestones of New York. Its characteristic fossils are 

large Orthocerata, Lituites undatus, Maclurea magna, Columnaria alveolata and several 

species of Murchisonia and Pleurotomaria. 

The Bl ue limestone (suppused to be the New York Trenton limestone) is said to be a 

pure limestone. with abundant remains of animallife. The first ten feet above the Buff lime­

stone. very compact, brittle, and breaking conchoidally, are known as the" glass rock," but 

in the eastern portion of the lead district this term is applied generally to any portion of the 

Blue limestone. The thickness of the Blue averages perhaps 50 feet. 

Tht! Galena is a crystalline dolomyte, 250 feet thick. 

"Toward t he north this fo rmat ion I!l"adually dies out, and soon disappears art.er crOSS ing the water­
shed. " • "" There are carbonaceous layers occas ionally met with in the body of the Galena 
limestone which are not only so impregnated with organiC ma.tter as to take fire and burn with Harne 

- 'I.'hls rc rerenceo t tho Obio ~lu61ilUestoll.e Lo tbe Hud sou River was lat.er con firm ed by the report or aCOlU lDlttee of 
t he Ol nci nnatl Society of N a.tura l History , publashed in the Journ al ot the Society. PI>, 193-104, Ja.IlUal'Y 1879 See a ls tI 
te Qch repo r t of t h e Indiana Geologica.l Survey, p. 23, 187{), ,. 0 1e 
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wben beated, but wbich sbow d istinct impressions o[ a vegetable character. * • * * Tbat the same 
fossils wbich arc characteristic of the GalemL lime tone in tbe lead reg ion <He found in the Blue, beyond 
tbe li mits o[ our distri ct, to the northwest, is a fact observed during- tbe progress of the Iowa survey. It is 
ev ident tbat after cros ing the Mississ ipp i, and proceed ing beyond Gutenberg in tbat direction , the 
Galena aod the Blue limestones become more ancl more merged in eacb other, and loss distinguishable 
eitber by paleontological or litbological cbaracters . " 

In plate IV, g iving a section of the rocks exposed in tho lead r egion, the G",]ena and 

the Blue are together said to be the equ ivalent of the Trenton limestone of New York. 

Mr. Whitney retains the term Hudson River group for the next overly ing formation­

the Green and Blue shales and limestones of Prof. Hall. It is given a thickness, in the 

lead region, from 70 to 100 feet. It is shaly, but holds some beds of dolomyte. 'fhe shale 

is sometimes carbonaceous in sufficient degree, perhaps, to make it, in the future, of 

economical value, and is marked by traces of graptolites. 

James Hall. 

1863. Note on the geological nmge of the genus Receptaculites in Amm'ican P ctleozoic 

slmta. JAMES HALL. Sixteenth report of the New York State Cabinet, pp. 67·70, 18G3. 

Five species have been described from the Galena limestone, viz., oweni, iowensis, 

fungosus and obicularis, and one from the 'frenton limestone, occidentalis (neptuni ?), in 

New York. 

F . B. Meek and A. H. Wodhen. 

1868. Geological Szwveyof Illinois, Vol. III, Paleontology, F. B. MEEK and A. H . 

WORTHEN, Springfield, 1868. 

This volume embraces descriptions anel figures of fossils from the Trenton , Galena 

and Hudson River formations, viz. , from the 'frenton one echinoderm, three lamelli· 

branchs, one cephalopod and one crustacean; from the Galena, one pteropod, one zoo· 

phyte, one brachiopod, five lamellibranchs, five gasteropods, one cephalopod, and two 

crustaceans; from the Hudson River, six echinoderms, three brachiopods, one gasteropod 

and three pteropods. 

O. A. White. 

1870. R eport of the Geological SU1'veyof Iowa. CHARLES A. WHl'rE. Vol. I , Des 

Moines, 1870. On pages 174-182 the Tl'enton group, of the Lower Silurian, is treated. 

The Trenton limestone proper is made to include the strata between the St. P eter sand· 

stone and the Galena limestone. Along the bluffs of the Mississippi its thickness is about 

eighty feet, but in Winnishiek county it increases to above two hundred feet. 

The Galena diminishes in thickness from Dubuque northwesterly, from 250 feet to 

probably 100 feet on the northern state boundary, where it also has a greater westerly dip. 

The name Maqnoketa shales is given to the sha1e1; lying above the Galemt limestone 

and separating it from the Niagara limestone. 'l'hey are s,ticl to be characterized by 

peculiar faunal features, ("Orthoceras, Murchisouia, Pleurotomaria, Schizodus (?), Dis­

cina, Graptolithus, etc., " ) sufficient to warrant their assignment to a very low horizon in 

the Cincinnati group. 

~-----'--
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J. H. Kloos. 

1871. Ceologi&cli c Notizen (tUS Minne oCa. y . . n_ . B J H TTLOOS Zel·tschr. d. Deutscheu 

ge010gischen Gesellschaft, JaIu·g. 1871. (Translation in the Tenth Annual Report of the 

Minnesota Survey, 1881) . 

Ceognostische uncZ geogJ"aphische Beobachtnngen in Staate Minnesota. J. H KLOOS. Zeitschr. 

d. Gesell. f. Erdkunde zu Berlin, Bd. XII, 1877. (Translation in the Nineteenth Annual 

Report of the Minnesota Survey, 1890) . 

'1'be foregoing are titles of papers based on observations and collections made by Mr. 

Kloos during a sojourn in Minnesota before the commencement of the present survey. Of 

the Lower Silurian strata at St. Paql he mentions, in the former, the following species: 

Orihis iricena,j'ia Con. and O. testucZinaj'ia Dalm., Leptcena sel'icea Sow., ~[ul'chisonia bicincta, 

Bel/.e1'Ophon bilobatus Sw.; " all characteristic shells of the Trenton, and partly also of the 

Llandeilo Jlags of England." In higher layers he mentions the following: Rhynchonella 

l'ecm'vil'osi?'a H. , and R , illcJ"ebescens H., Petraic£ cornicnlum H. , Slenopora jibl'OSC£ Goldf" 

Ca.lyme?/e se?l(£?'ia (blt£menbachii), and Pliloeliclya sp, "fossils which altogether have been 
assigned to the Trenton by Logan in Canada. " 

In the latter paper, besides the above, he mentions the following, at the same place: 

Strophomen(£ allernala Con., (the " Producti " of W. H . Keating and others), Clenoclonla 

nasnla Hall, Lepel'elilia jabuliles, Plew·olol/wl'ia. lenticnla?'is Con., SUbl£Zt:ies elongata Con., 

Orlhocerc£s .iwwen/n Hall, Bl£thot?'ephis sl£ccl£lens Owen, PalaJophycus ?'u[J0sus, Slropilomellc£ 

deltoirlea Con., and SchizoCl'inus ?lOelOSl'S Hall. He objects to Hall's statement that at this 

place the different members of the 'rrenton, as displayed in the eastern part of the United 

States, can be distinguished: "So far as Minnesota is concerned this must be wholly 
erroneous, IJ * -x- * 

"The fossils taken together point to the level of the propel' Trenton 

limestone, and some extend much higher, iu the Hudson River group, though they are not 
found in the lower beds in the eastern states, " 

W. D. Hm'lbld, 

l871. Geology of Southern Mimieso/a, by W. D. HURLBUT, ill The Minnesota 'l'eachel', 
Jan. , Feb. , March, April, May, 1871. (Vol. IV) . 

Mr. Hurlbut was the first to direr.t public attention to the geology of the southern pol" 

tion of the state, remote from the Mississippi valley. He based his observations upon a 

careful study of the stratigraphy of Owen. He stated that the Lower Silurian rocks form 

the surface over an area of about 6,000 square miles in the southern part of the state, He 

worked out their stratigraphy, specially along Root river and its branches, giving dia­

grams illustrating their position and thickness, but ,vithout the aid of fOSSils. The green 

sbales overlying the 'rrenton (i, e. Buff limestone) he called Hudson River oil shales, and 

the alternating beds of shale and limestone (i. e. the transition from the Trenton to the 

Galena) still higher he regarded as Clinton. 'rhe Galena limestone he considered of 

Devonian age, prob!tbly Corniferous, although he here mentions Maclurea and " other 
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Silurian gasteropods," Receptaculites, Orthis, Lingula "an<1 probably Discina," cyath o· 

phylloid corals, Tentaculi tes. Spirifers , t rilobites, and Orthoceras. '1.-

Jam.es Shmu. 

1872 . Geological S nn!ey of Illinois, vol. v, Geology, by A. H. WORTHi;;N and JAMES 

SHAW. Springfield , l 8iS. 

The preliminary chapter in this volume, on the" Geology of NorLhwestern I llinois," 

and several others describing several counties more specially, in that portion of th e state, 

are by Mr. S haw. 'fhese counties are contiguous to that part of Iowa and of Wisconsin 

which embrace the lead r egion of the Northwest, and h ave a bearing on the nature and 

extent of the Lower Silurian strata considered in this volume of the Minnesota survey. 

The Hudson River shales, above Savanna, are said to have an exposed thickness of 80 

feet, and to r each a total thickness of about 100 feet. 

In the Galena the characteris t ic fossil is termed R eceptaculites. ulcata, the" sunflower 
coral. ., 

Below the Galena "comes the Blue limestone, or 'l'renton limestone proper, of th e 

earlier western geologists. It is now regarded as the middle division of the 'l'renton 

group, the Galeua above and the Buff below both being regarded as members of the 'fren­

ton." The Blue limestone has a thickn ess from 45 to 60 feet, and th e Buff generally abou t 

20 feet. 
Ll . H. WO?'lhen wtel F. B . Jlleek. 

1875. Geological SU?'veyof Illinois. Vol. VI. Paleontology, Section II . Descriptions 

of Inver tebrates, Springfield, 1875. A few spe<: ies of Lower Silurian fossils ar e described 

in this volume. 'fhey are from Dixon, Mount Carroll, Savannah and Oswego, I llinois . 

R. P. Whiljielcl 

1877 . PrelimincL?'Y cZesc?'iplions of new species oj fossils J1"om lhe lowe?' geological fO?"flw­

lions Of W'isconsin, by R. P . WHITFIELD. Ann. Rpt. Wisconsin Geol. Survey for 1877 ; 

Madison, 1878 ; pp. 50-89. 

I n this paper sixty-five new species are described. Those from the Trenton period, -

twenty·four in n umbel'- are as follows :-

T'rernatopora annuli/e,', Hudson Ri vcr shal e~, Trematopora g"an"tala, Hudson Ri vcr shales. 
Feneslella granuLosa, Hudson River hales. Fislulipora solidissirna, Hudson Rive r shales. 
Fis t"lipo?'a lens, Hudson River shales. Chreteles/"si/0I'11Iis, ITudson River shales . 
Jlfonlicnl1:pora "eclang1l,la"is, Hudson Ri vcr shales. 1I1uWcuUpOl'a pwwtata, Hudson n i ver shal e . 
l1Iunliculipora m'ultil"be"cuiata, Hudson R iver sha le.' . Alveoliles i"reg"laris, Hudson River shales . 
Hemip"oniles americana, Galena. Sl1'Opho11lena kingi, Hudson Ri vcr shales . 
R hynchonellaperlamellosa Hudson River sha les. CYP"icarcl-ites megambon!!s, Bufr limes tone. 
1I1etopto'11ta p e1'Ovalis, Lower Blue li mes tone. TrochonemcL beloitensis, Huff limes to ne. 
Clisospim occiden talis, BuIT limestone. Macl1"'ea c!!"eala, Gal ena. 
MaclU1'ea s,,/n'oluneleL, Galena. BuccLn;a (Tremanol"s ?) buelli, U pper Buf[ limesone. 
Hyolithes baconi, hard blu ish-bun: layers. Orthocems (Ac linocere!O) beloilense, Buff beds. 

B ellm'ophon wi.consinensis, blue beds or Trenton l imestone. 
G1jrocems duplicoslalILm, Trenton lim estone and bluish,buff beds. 

These descriptions are republished in vol. IV of the fiual r eport of the Wisconsin s ur · 

vey, 1882 with illustrations. 

Mr. Hurlbut, still resides a. t ·Rochester, ~'linu. The writer retains a. vi \"Iel I'ccollcet lou of hi':> co rd ial aDd gell cl'c llS wel ­
co me by ~h. fTllrllmt, wh en. 1111872. t he pl'escnt sun'Cy was Inaugul':ncd. 

------:. . 
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R. P. Wh'itfield. 

1878. Geology of Wisconsin. Survey of 1873- 1877. Vol. II, of the final report; 

Madison, 1878. T. C. CHAMBERLIN, chief geologist. 

In this volume are numerous references to the preliminary identification of fossils by 

Prof. R. P. WhiL'field, paleontologist of the survey. Of these the following refer to the 

Lower Silurian as defined by the Minnesota Survey. 

Page 561 gives a list of Trenton fossils, without specification of their geographical 

loc~lities; and after the discussion of the Cincinnati hales and limestones is given a full 

tabulation of the fossils of the Trenton period (p. 320) , for which the identification of the 

species was by Whitfield. It appears, however, in Prof. Chamberlin'S general chapter on 

the "Lower Silurian" and will be mentioned more fu lly under his name. 

T. C. Clwm.be1'lin. 

1878. Geology of Wiscon sin. Survey of 1873-1877. Vol. II, T. C. CHAMBERLIN, 

chief geologist, Madison, 1878. 

Part II of this volume, entitled " Geology of Eastern Wisconsin," is by Prof. Chamber· 

lin. Of this, chapter VII is devoted to the Lower Silurian, which by the author is con. 

sidered to include all the rocks of this district from the Archean formations to the Clinton 

in the Uppel' Silurian. The Trenton group is said to consist of three main divisions, viz., 

in ascending order, 'l'renton limestone, Galena limestone and the Cincinnati shales and 

limestone. The Trenton propel' is given a thickness in southeastern Wisconsin of 120 

feet, divided as follows :' 

Upper Blue beds, 15 feet. 
Upper Bull' beds, 55 feet. 
Lower Blue bed , 25 feet. 
Lower Bull' beds, 25 feet. 

It was found that the designations "Buff" and "Blue" of former reports had been 

used indiscriminately for either the upper or lower, and that the strata are all strongly 

dolomitic. It was learned that they cannot he separated on paleontological grounds . 

That which is above named Lower Buff is what has been known generally simply as Buff. 

The color which has given it its name is wholly a superficial character due to weathering, 

the interior of the rock being blue. The Buff beds, upper and lower, are less intermixed 

with argillaceous matter than the Blue beds, and for that reason are more readily changed 

in color. The Buff beds are particularly marked by the preponderance of lamellibranchs, 

gasteropods and cephalopods, and the Blue beds by corals, bryozoans and small brachi. 

opods, especially the Orthidre. Murchisonia gracilis occurs abundantly near the base of 

the Lower Blue, which also contaius sometimes a notable amount of carbonaceous material. 

"It appears from all the facts that tbere was an alternation of cond itions in the deposi ti ng Trenton 
seas, and that when the cOliditions were such a to favor tbe format ion of li mestones Simply, t he li fe 
above characterized predominated, and that whenever tbe conditions changed so as to cause a dep08i t of 
shal e interleaved with layers of li mestone, the brachiopodous and corall ine fa una prevailed. These sub­
d ivi s ions than signify rather physicial mutations of a more (II' less local natu re t han wide-spreacl cha nges 
in the life-character of the period. " (P. 294.) 
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The Galena, with a thickness of about 160 feet, reposes on the Upper Blue beds, in 

southeastern Wisconsin . This is another dolomyte, but sometimes has siliceous and 

aluminous matter in ~onsiderable amoun t, some of its thin layers, or partings consisting of 

shale. It is in general heavy-bedded, irregular, coarse-textured, gray or burr, with fre­

quent crystaf-lined cavities, but toward the uorth becomes more shaly, and has a greeni sh 

or blui sh color, with more fossils and sometimes a strongly graptoli tic faun a. 

The Cincinnati sh ales and limestones, next in ascending order, have an approximate 

average thickness of 200 feet. The clay shales and limestones prevail in the upper por­

tion. and slaty and arenaceous shales in the lower. Yet in the northern part of the area 

limestone prevails in the upper part over the shales. The charactel'istic faunal featuTe is 

the prevalence of corals and bryozoans. Upwards of 30 species were collected from the 

shale thrown out of two shafts of no considerable depth. Brachiopods are next in 

abundance, Orthis and Strophomena predominating. 

In recapitulation of the facts of tha Trenton period Prof. Chamberlain draws three 

conclusions respecting its paleontology, viz: (1) There are a considerable number of 

species that range throughout the whole Trenton period, including the Cincinnati epoch, 

and are therefore of no service in discriminating between its subdivisions; (2) There is 

another portion whose occurrence is chiefly confined to the strata of the Trenton epoch ; 

and, (3) There are a few that are not authentically known to occur either above, or below 

the Galena, and may be regarded as characteristic of it. Of this number Receptaculites 

oweni and Murchisonia bellicincta or major, are the most constant and reliable. Lingula 

quaclrata. al though rare in other beds in eastern Wisconsin, does not appear to be 

strictly confined to the Galena. Fusispira ventricosa and F. elongata are perhaps to be 

added to this list . 

The tables given by Prof. Chamberlin showing the stratigraphic distribution of 

species of the Trenton period di stribute the specie.s t hat h ad been identified in the 

following manner: In the Lower Buff, 53; Lower Blue, 57; Upper Buff, 69; Upper Blue. 

25; the Trenton epoch, 195; Galena proper, 62; Galena modified, 88, and the Cincinnati, 66. 

Total in the Trenton period. 295. 

R. D. hving. 

1878. In the same volume as the last Prof. R. D. Irving" descr ibed the "Geology of 

Central Wisconsin. " A portion of his chapter is devoted to the Trenton and Galena 

limestones, the latter occuring, however, in unimportant. isolated cappings. The 

Trenton, as described. embraces two parts, the Lower Buff (or "the Buff"). and the Lower 

Blue (or "Blue") . The former is generally a dolomitic limestone about 25 feet thick, the 

latter an argillaceous limestone with but little carbonate of magnesia, the interleaved 

calcareous dark shale sometimes containing black graptolite- like markings near the base. 

The thickness of the Blue is not given. 

- -------'"-, 
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l\1Ioses S h·ong. 

1878 . In volume II of the final report of the late Wisconsin survey is a cha,pter by 

MOSES STRONG on the" Geology and Topography of the Lead Region. " Under the term 

Trenton he embrace:;; the Buff and Blue limestones, their total average thickness being 

about 50 feet. The Blue is divisible into two parts, viz., the "glass rock," in heavy lay­

ers, the lower half, and the other thin-bedded which sometimes graduates into the thin­

bedded Galena above. At the separation of the Blue from the Galena, occurs almost invar­

iably, a carbouaceous shale, having a thickness from a quarter of an inch to a foot or more. 

This is considered an unfailing guide to the bottom of the Galena. This shale has its 

g reatest thickness in the vicinity of Shullsburg, where it is seven feet t,hick. the carbonace· 

ous matter amounting to 43. 60 p. c. Large quantities of lead, and more particularly of zinc, 

have been taken from the Blue and Buff limestones in southwestern Wisconsin. 

The Galena limestone is a dolomyte and is the chief lead-bearing rock. It is regularly 

bedded and has a thickness of 200 feet or more. ·It is apt to weather with an irregular 

surface owing to cavities and softer spots. Its lower portion is interbedded with thin lay· 

ers and irregular nodules of flint. The characteristic fossil of the formation is Rece p­

taculites oweni, found indifferently in all parts. Next in frequency are Streptelasma cor· 

niculum and some species of Orthis. The most infreqnent is Maclurea magna, which per­

tains to the middle beels. Lingula qnaelrata is quite frequent in the upper beds. Other 

and more infrequent fossils are Pleurotomaria lenticularis, Bellerophon bilobatus, Ortbis 

biforata and occasional Orthocerata. 

The Cincinnati. which rarely contains important layers of limestone, has a thickness 

of about 125 feet. The lower beds abound with shells of the Nucula fecunda, and the 

middle ones witb Rhynchonella increbescens,S trophomena alternata and stems of Chretetes. 

The upper beds contain a few Orthocerata. 

R. P. Whiljielcl. 

1879. Desc7-ilJtion of new species of fossils from the Paleozoic f07 'mations of Wisconsin, by 

R. P. Whitfield; Ann. Rept. Wisconsin Geol. Survey for 1879; Madison, 1880; pp. 44-71. 

T wenty six new species are described in this paper. The Trenton forms,-ten in 

number,-are as follows: 

Trochonemct beachi, Bu [ beds of lower Tren ton. 
EncZoeem s (C(me"ocems) subCtllllulal"",. upper part of Buff limestone. 
ay,·tocem s pZu"idOl'salum, lower part of Buff limestones. 
Oncoc~)'as "",rniojoTrne , Lower Bu [ 1 i mestone. 
Ollcocems In'evicw'VCtlurn, upper part of Bull' limestones. 
Asapluu; 1,·ia1lyulallls. Blue limestone. 
FistulipOfC' "ugosa, Hudson River shales. 
St" eploJ'hYllClws canlinale, Hud OD River shales . 
St)'ophomella toiscon,inensis, Hudsl'n River shales . 
Rhynchoneila neenah, Tren ton, Galena a nd Hudson l~iver. 

These forms are illustrated in volume. IV of the final repor t. 
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J. F . Whiteaves. 

1879. On some Sil~t?'i9-n ancl Devonian fo ssUs j"om Manitoba and the valleys oj the Nelson 

and Churchill ,·ive,·s, J. F. Wbiteaves, Geol. Sur. Can. 1879. Appendix 1, p. 45 C. 

This is a preliminary paper, giving provisional identifications of Silurian fossils from 

various localities. viz: Banks of the Red river, in the Parish of St. Andrews; Limestone 

rapids, 100 miles np the Nelson river: First Birch brook, Nelson river; Second and third 

limestone rapids of the Nelson river ; Junction of the Little and Churchill rivers; Fort 

Churchill, (loose); Stony Mountain . 

C. D. Wa lcolt. 

1879. Descriptions of new species of fossas f rom the Trenton limestone, by C. D. 

WALCOTT; 29th report of the New York State Museum of Natural History; Albany, 1879; 

pp. 91 -97. " Transmitted to the Legislature March 30, 1875. " 

The following species are noted from Wisconsin and Minnesota, all being new, and 

described without figures: 

Conchopeltis m innesotensis, fo ur miles uelow Medford, Oannon river, Minn. Trenton limes tone. 
B(Lthy",'us longispinu8, Trenton limestone, Plattsville, Wis. 
LlS(Lphus "01ningeri, Trenton limestone. QU in by's mill, Lafayette 00., Wis. 
LlSCLphus lUisco?lsensis, Trenton limestone, Mineral Point and Plattsville, Wis. 

Desc"iptions of new species of fossils f rom the Chazy ancl T"enion limes"lones, by C. D. 

WALCOTT; 31st annual report of the New York State Museum of Natural History; Albany, 

1879; pp. 68-71. " Transmitted to the L egislature April 17, 1878." 

The following species are described, but not figured, from western locali ties: 

Cemlt?"!LS ,'(L"US, Trenton limestone, Beloit, Wis. 
E ncrimt?·«s t"elllollens;s, Clifton, Grant 00., Wis., and two miles above Dunleith, III. 
Enm'inu,'us val'icostatus, Trento n limestone, MineJ'al Point, Beloit and north of Janesville, Wis. 
D a/mCL'nites interm~dius, Trenton lime tone, two miles north of Dunleith, III.; Olifton, Grant 00., 

and Plattsvill e, Wis. 
Ilirenus indete?"7n."atus, Trenton lim estone, Plattsv ill e, Wis. 
Lls(Lplms homalonotoides, Trenton limestone, t wo mile north of Dunleith, III. 

The Utica slate cmcl1'elated j01'lnations. Fossils of the Utica slate and Mefamorphoses 

of T1'ia1'fhms bedc£. C. D. WALCOTT. 1879, Albany. Printed in advance of vol. x, of 

the 'l'ransactions of the Albany Institute. June, 1879. 

The fossils described are from Oneida county, N. Y. In the discussion of the Utica 

slate the author reaches the cGnclusion that the Galena limestone is its northwestern 

r epresentasive. The author gives a complete tabulation of the fossils occurring in the 

Utica slate, with r efer ences to the li terature where described. This table also shows 

their extension into the Hudson River formation above and into the Trenton below. 

Anothel' table shows the number of species that had been found respectively in the Utica 

slate and in the Galena, and the numerical range of the same into the 'l'renton and the 

Hudson River. This view of Mr. Walcott will be considered further in another place 

inasmuch as our studies do not tend toward the same result." 

. Com pllre. Tile .doe 01 tile Galena LtmulOlle. N. 1I. WInche ll, American Geologist., .January, 1895. 

- -------_ ........... ---
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R. P. Whiffield. 

oif tl 'l' e L'I'g'!,l" "I' the Trenton limestone, by R. P. WHIT-1880 . On the occlt'rrence ••• • co , • 

FIELD; Amer. Jour. Sci., [3J, XIX, pp. 472-475; June, 1880. 

The ~uthor thinks that fossils of the genus Lingula, as represented by the living L. 

anafina Lamarck, occur in the older Paleozoic rocks. As proof of this he describes and 

figures a new species- L. eldel'i-from the Trenton limestone neal' Rochester, Minn. In 

this form the muscular scars and vascular lines are very strong and well preserved and 

they are found to be very similar to the same markings shown in the living species. 

G. D. Swezey. 

1882. On some points in the geolo.qy of the l'eO'ion abo~d Beloit, by G. D. SWEZEY; 

Trans. Wisconsin Acad. Sci. Arts and Letters, vol. v, (1877-81); Madison, 1882; pp. 194-204 

This paper is devoted to a description of the various strata of the Lower Silurian 

exposed at Beloit, Wis. No particular mention of the fauna of the different strata is 

made. The section given, is as follows: 

Galena limestone. 
Trenton limes tone. 

Uppel' blue, 20 feet. 
Upper buff. 
Oherty. ]9 teet. 
Opper fucoidal , 3 feet. 
Birdseye, 7 feet. 
Lower fucoidal, 3t feet. 
Oarpenter, ]8t feet. 
Lower bl ue, 18 feet. 
Lower bu ff, 22 feet. 

St. Peter's sandstone. 

R. P. Whiifteld. 

1882. Geology oj Wisconsin, vol. IV, pad III, Paleonfology, by R. P. WHITFIELD, 
Madison, 1882. 

In his preliminary remarks, professor Whitfield states: 

"Throughout the Blue and Buff limestones of the formations in southern WisconSin the gaster­
opods and cephalopods characterize the formation, almost to the exclusion of brachiopods, tbe few fo rms 
of the latter class whicb are common, being principally strophomenoid forms, and mostly of tbree species, 
Stropbomena alternata and S. camerata Oonrad , and S. incrassata Hall or one usually referred to that 
species. But by far the greater proportion of the organic remains of the beds consists of true moll u8ca, 
Lamellibranchiata, Gasteropodaand Oephalopoda. In the upper Blue beds of the group there are usually 
large numbers of Ortbis, of two or tbree species, but they are mostly confined to the few feet constituting 
this bed, which occurs immediately below the Galena beds, and hut few individuals of the speCies occur 
below. Among the lamellibrancbiates the genera Oypricardites and TelJinomya are much the mo~t 
common . A few other genera are represented, but by comparatively few species and individuals. The 
gasteropods are illore numerous, but consist prinCipally of the genera Maclurea, Opbileta, Raphistoma, 
Trochonema, Murchisonla, Pleurotomaria, Subulites, Bucania and Bellerophon." 

Bryozoans specially characterize the Hudson River shales. 

In the enumeration of species in the Lower Silurian the term Trenton limestone is 

made to include all the strata from the Galena to the top of the St. Peter sandstone, the 

terms Buff and BIlje being ignored. But at the special localities, the fossils are said some­

times to have been obtained from the •. buff limestone of the Trenton group," or "from 
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the upper layers of the buff limestones of the Trenton group," or "buff limestones near 

the middle of the 'l'renton group," or "blue beds of the Trenton limestone below Carpenter's 

quarry" (at Beloit). Sometimes the description involves such combinations as "hard lay ­

ers of the bluish· buff limestones of the 'l'renton group, below Carpenter's quarry," and 

again "Lower Buff limestone of the T renton group below Carpenter's quarry," or .. in the 

Buff limestone of the Trenton group at Carpenter's quarry." This variety (If usage of 

the terms Buff and Blue is explainable by reference to the abstract already presented, of 

the report of Prof. Chamberlin in 1878. Prof. Whitfield describes and illustrates 36 

species from the Trenton, being: lamellibranchs, 6; gasteropods, 16: pteropods, 1; cephal· 

opods, 10; and crustaceans, 3. 

The following species are said to more particularly characterize the Galena limestone: 

Receptaculites oweni Hall, Halysites catenulatus, Fischer, (two specimens from Rockton, 

Ill.) L ingulella iowensis Owen, Hemipronites americanus Whitf., Murchisonia major Hall, 

F usispira ventricosa Hall, Fusispira elongata Hall, Maclurea cuneata Whitf., and Mac· 

lurea subrotunda Whitf. 

The Hudson R iver species illustrated are, five species of Radiata (Chretetes, Alveolites 

and Mont.iculip01·a), eight species of B ryozoa, and ten of Brachiopoda. 

T he general list of species given in this volume by Prof. Whitfield is enlarged :1nd 

r eproduced in volume I, which was the last volume of the report to be published. It is 

condensed below, from vol. 1. 

OLASS. 2 H.R. Gal. '.rren t 

- - --------------------------- ------
PLANTE ... ........... .. . . . . .......... ........ .... . .. . ...... . ....... ...... .. . .. . 3 
PROl'OZoA.- Petrospongia .. .... . ... . ............ . .. . . ..... .. ............. ...... 1 

Foraminifera ............. .. .... . . . ... . . . ............................... . .... . 
RADIATA.- Zoopbyta.......... ....... .. ........ . ....... . .................. .. 

Alcyonaria (Graptolitidro)... . ...................... . ............. 1 1 
Zoantbaria-tabulata ..... .. ........... . . . . " . . . . . . . . . . . . . .. . . . . . . 3 3 
Zoantbaria-rugosa.. ... .... .... .. .. ... . ........ .. . . . .. ... . ... . .. . 1 3 

RADIATA- Ecbinodermata .... . ............. .. ........................ . .. .. ....... . .. 

g~f;~?~~~·",·.·.· ..... :: ...... : .... : .. '.: '.::: .... : : : : : : :::: '.: : : :::: : : : : : : :::: : : :: :::::: ... 3' . 
MOLLUSCA.-Molluscoidea ........ . .. . ..... . ..... • .. . ........... . ........ . ...... 

~~~~~~~pocia ·.:. : :: .. ::::: .... :: :::::::::-::: :::: :.:::::::::: :::::::: .' :.' 1~ 5 
23 

MOLL uscA.-Mollnsca proper ...... . .. . . . .. . .. . . .. .. .. , .... . ... . ..... . . . ... . .. . . 
Lamellihrancbiata...... .. .. .. .... .. .. .... . .. . .. . ... . . .. . .. ..... . . 4 
Gasteropoda .. .. .. ............. . . . ..... . ........... . ...... .. ...... 12 
Heteropoda . . .. . . . . .. .. ..... .... .... .. .... .. .... . . . .. ............... .. .. .. .. 
Pteropoda .. .. . . .. .......... .. ......... , .. . " ............. . .. .... .. 
Cepbalopoda ....................... . ................... , ........ .. 2 

A U'l' ICULA l'A..-·Annelld:ll . .... . . ........ . ..... .. ............ .. .... . . .. ... . 
Orustacea:-

E ntomostraca ....................... . ............. . .. .. ...... .. .......... .. 
T rilobita . . . .. .. . ..................... . .. . ................. . . . .. . 2 

T otal species.. .. .. .. .. .. . .. . .. .. .. .. .. . . .... . . . . .. .. .. .. .. 22 

T otal species identified witb tbe Lower Silurian, 278. 
OOLUMN I.-Species common to tbe Hudson River and the Galena, 22. 
COLUMN 2.-Species common to tbe Galena and Trenton, 64. 

4 

64 

3 
1 
3 

1 3 5 
19 3 8 

1 4 5 

4 
3 

17 5 8 
30 29 43 

2 4 24 
3 19 28 

1 6 
1 3 
3 37 

I 

1 2 
3 8 17 

79 94 199 

Note. I n each of these comparisons we may note the closeness of affinity by the rat.io 

of the common species to the smaller one of the fannas compal'ed, and in th is way we find, 

- ---~---.--:... 
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'es are 28 per cent. of the smaller fauna, i . e., of for the column 1, that the common spec i . 

f I 2 the mnch laro-er proportIOn of 68 per cent·. the total possible nnmber; and or co umn ,,,, . 

H d River and Trenton shows 28 common speCles, a Such comparisou of the u son , 
. I 1 but the o-reater number of species in the slightly larger nUlL bel' than comes III co umn , '" ... 

. G I t fOl' this increase while yet there IS lU thIS last compar-Trenton tha,n III the a ena accoun s , 

isor. a less close affinity than in the first. 

lV, H. PTatl. 

1883 . .An a1'iesian well a.t Mol'ine (Ill.), by W. H, PRATT, Proc, Davenport Academy 

of Natural Sciences, vol. III, p. 181. Read Nov. 25, 1881. This well gives the depth and 

thickness of the Maquoketa shales, showing a great increase toward the east from their 

typical locality, They are 395 feet below the surface, and 220 feet thick 

Jos, F , J am.es. 

1886 . Descl'lpiion oj a new species oj Gornphoce1'as, from. the T1'enton oj Wisconsin, by 

PROF. Jos. F. JAMES. Journal of the Cincinnati Society of Natural History; Jan., 1886. 

Describes Gomphoceras powersi, from Beloit, Wis. 

Ge01-ge M . Dawson 

1886 . On ce1'l.ain bOl'ings in 1o[anilooo and the N01-thwest Te1Titory, by GEORGE M, 

DAWSON. 'frans. Roy. Soc. Canada, 1886, vol. IV. 

In this paper certain shales passed through in the Rosenfeld deep well are regarded 

as belonging to the Maquoketa, amounting to 352 feet, and the underlying cream-colored 

limestone and red shale, amounting to 380 feet, are assigned to the Galena and the Trenton. 

No fossils were obtained. This interpretation of this well is quite different from that given 

by one of the writers in the thirteenth report of the Minnesota survey, pp. 40-46 (for 1884), 

of the salt well at Humbolt, Minn., situated about twenty-five miles toward the southeast, 

The Rosenfeld well section is also published, without comment, in the fourteenth report of 
the Minnesota survey, p. 15. 

Samuel Calvin. 

1888 , Noles on the j01'1naliol1s passed tln'ough in boring the deep well cd Wctshingion, 

Iowa., by SAMUEL CALVIN; AmeriCftn Geologist, vol. I, p. 28; Jan., 1888. 

At the depth of 702 feet the Hudson River shales were struck in this well, with a 

thickness of 91 feet They were immediately beneath a sandstone 170 feet thick which 

was referred to the Niagara period. The Galena was found at 803 feet, extending to 963 

feet, This is a grayish limestone, but not a dolomyte. The Trenton, with bits of carbon­

aceous shale, and quite rich in bituminous matter, was encountered at the depth of 1020 

feet, and extended to 1095 feet, with some arenaceous shale and sandstone near the bot 
toro . At 1100 feet the St. Peter sandstone appeared. 

J. F. Whiteaves, 
1 889. Desc1'ilJlions 0>/ eight new sper.;es 0>/ ji '1 f' . . 

., oss~ S 10rn the Garnbl'o-&I~l1'~an 1'ocks oj Man 
Uoba, by J. F. WHITEA VES, Trans. Royal Soc Canada 1889 1 .. PI t .. d , .. 

'. , , vo . vn. a es xu an XUl. 
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In this paper Dr. Whiteaves describes the following: 

Maclurea manitobensis. Widely distributed. 
Poterioceras nobile, East Selkirk and Lower Fort Garry. 
Poterioceras apertum, Dog's Head, Winnipeg lake. 
Oncoceras magnum. East Selkirk. 
Oncoceras g ibbosum, Swampy island, and Jack-Fish bay, etc. 
Oyrtoceras manitobensis, Deer island, Big island, etc. 
Trochoceras ruc'charles i, East Selkirk. 
Aspidoceras insigne. Stony mountain. 

xlv 

"On purely paleontological evidence the h ighly foss iliferous deposits 01 Stony mountain were referred 
to the Hudson River formation hy t he present writer, in 1880,* and the foss il s of the pale huIT·colored 
limestones 0)' dulomites of East Selkirk and Lower Fort Garry have long been supposed to show that these 
rocks are the equivalents of the Galena limestone or upper port ion of the Trenton formation of Wi consin 
a nd I owa. On the same ev idence the somewhat s imilarly colored and fossiliferous limestones of tbe 
islands and shores of lal(s Winnipeg appear to be of the ame age as the Trenton limestone proper, or at 
any rate not older than the Bi rdseye and Black Ri ver group of eastem Canada and the tate of New York. 
It is possible that the fossiliferous rocks on the shores and islands of lake Winnipeg may be a little lower 
down In the seri es than those at East Selkirk and Lower Fort Garry, but the whole of tb ese depos its, 
apart from those at Stony mountain and elsewbere in Manitoba wh ich can he somewhat confidently reo 
felTed to the Hudson River group, probably represent only one well·defined horizon in the Cambro-Silur ian 
system. However th is may be, in the writer's judgment there is at present no satisfactory paleontologi­
cal evidence for t he existence of the Chazy formation or its equivalent in Mallitoba," p. 83 . 

O. H. Gm·don. 

188 9. Notes on the Geology of Sontheastem Io wa. By C. H. GORDON, American 

Geologist, vol. I V, p. 237, Oct., 1889. The records of some deep wells are given, v iz: At 

Keokuk the Maquoketa shale, struck at 800 feet, developed a thickness of 63 feet, and the 

Galena and Trenton combined a thickness of 140 feet. At Ottumwa the ::vIaquoketa shales 

appeared at 955 feet and they appal'ently continued to the depth of 1045 feet, with the des· 

ig nations "lime and sandrock," given by the drillers, a thickness of 99 feet. The Galena 

and the Trenton can scarcely be recognized under the designations given. At Sigonr· 

ney the Maquoketa has a thickness of 165 feet, and was strnck at the depth of 1030 feet. 

The Galena and Trenton have a thickness, apparently, of 113 feet. 

O. W. Hall. 

1889. The lithological chamctel's of the Trenton limestone of Minneapolis and St. Paul, 

with Ct note on the b01'ings of the West hotel a1'lesian well. By C. W. HALL. Bulletin of the 

Minnesota Academy of Natural Scif>nces, vol. III, p. 111, 1889. 

The author gives the stratigraphic order in detail, and the chemical and petro­

graphic characters. 
F1'anlc Leve?·etl. 

1889 . Stztd-ies in the Indictna Nrttu1'al Gas Field. By FRANK LEVERETT. American 

Geologist, vol. I V, pp. 6·21, July, Hl89. This paper contains a valuable tabulation of the 

data of gas wells, both in Indiana and in Ohio, by which it is shown that the "lower 

shales," i. e., the Cincinnati shales and limestones, extend unbroken, though with some 

variations of dip, and with diminishing th ickness, toward the west fl'om the Cincinnati 

anticlinal. From 1100 feet in Union and Madison counties, Ohio, their thickness is 

reduced to less than 400 feet in Cass and Carroll counties, Indiana. Mr. Leverett shows 

-Geol. Sur . Can . Rep. Progr.1878-79, p. 50 O. 

- -~-,....------
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also that the main trend of the Cincinnati anticlinal is northwestward, ins tead of nor th­

ward past the west end of lake Erie. 

Jos. F. James. 

1890. On the Maq!wketa shales, and their con'elation with the Cincinnati group of 

soulhweste1'n Ohio, by JOSEPH F . JAMES, American Geologist, voL v, p , 335, June, 1890. 

After reference to previous literature Mr. James gives detailed sections at Graf. Iowa, 

covering 31 feet of the Maquoketa shales. He states that the top of the Galena is considera­

blyeroded, showing an unconformity between it and the Maquoketa. He shows a continua­

tion of the Cincinnati formation from southern Indiana to northwestern Illinois, by an ex­

amination of the records of gas wells through the state of Indiana, and by descriptions of 

outcrops published in the Illinois reports. He gives a list of Maquoketa fossils and a table 

showing their geographic distribution and their strong affinity with the fauna of the Cin­

cinnati. With a reference to the identity of lithologic characters he concludes that the 

Maquoketa shales are an exact representation, except in being reduced in thickness, of 

the Cincinnati group of Ohio, and that the term Maquoketa ought be dropped from geolo­
gical Ii terature. 

J. F. ·lVhileuves. 

1891. Thd Ol'lhocemticlre of the T1-enton limestone of the Winnipeg basin, by J. F. 

WHITE A VES. Trans. Roy. Soc .. Canada, voL IX, 1891. Sec. IV, p. 77. Seven plates. 

This paper consists of a critical study and systematic list of the Trenton Orthocer­

atidre of the Winnipeg region-that term being taken in a somewhat comprehensive 

sense to include all those highly fossiliferous deposits which immediately and conformably 

overlie the St. Peter sandstone and underlie the Hudson River formation. It names three 

species of Endoceras, of which End. crassisiphonatum is new; foul' of Orthoceras. of 

which O. semiplanatum, selkirkense and winnipegense are new; three of Actinoceras; one 

of Sactoceras, viz., canadense (new); one of Gonioceras, viz., lambii (new); and three of 
Poterioceras. of which P . gracile is new. 

F. W. Sa1·deson. 

1892. Fossils from the St. Peter sandstone. Read Feb. 3, 1891. The LOWe?' Silw"ian 

formations of TVisconsin and Minnesota compw'ed. Read Oct. 6, 1891. The ran,qe and dis­

i?'ibution of the Lower Silurian fauna of Minnesota, wW! descriptions of some new species. 
Read Dec. 8, 1891. 

The foregoing papers by Mr. F. W. Sardeson, were issued in a single brochure and 

distributed April 9, 1892, accompanied by plates IV, v and VI. They were read before the 

Minnesota Academy of Natural Sciences. The first announces an important discovery of 

lamellibranchs and gasteropods in the St. Peter sandstone at cuts along the Chicago, Bur­

lington & Northern R. R., about five miles below St. Paul, about 50 feet below the Tren­

ton. These are said to be remarkably like species found in the Trenton above, and 

thought to indicate that the St. Petel' should be classed with the Lower Silurian. 
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The second paper compares, bed for bed, the different parts of the Lower Silurian in 

Minnesota with their supposed equivalents in Wisconsin, and divides the same in Minne· 

sota as follows. naming some of the characteristic fossils of each. 

The Cincinnati group comprises: 

Wykoff beds, limestone .. ....... ... ....... ......... ...... 50 feeL 
Maquoketa beds, limestone and shale .................... 20 

The Galena embraces: 

Maclurea bed, limestone .......................... . .. ... 50 
Lingulasma bed, limestone .......... .. ................. 20 
Camarella bed, limestone ......... " . . .......... . ....... 30 
Orthisina bed, shale. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 20 

In the Trenton are placed the following: 

Zygospira bed, shale. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8 
Fucoid bed, shale . ..... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 20 
Stictopora bed, shale .. . .. ............. . ...... . . . .. . . , . . 30 
Stictoporella bed, shale..... . . . . . . . . . . . . . . . . . . . . . . . . . . .. 10 
Blue bed, limestone .................. .. ................ 12 
Buff bed, limestone. . . . . . . . . . . .. .. . . . ...... . . . ......... 15 

Total ... . , . ........ ... . .... . ................ 285 

This subsLantially divides the sLrata covered by the invesLigations of Lilis volume into 

three limes Lones separated by two epochs of shale. rl'he Devonian is said to lie uncon­

formably on the Wykoff limestone. 

The third paper describes a number of new forms and presents a table showing the 

stratigraphic range of all the species found by the author in the Lower Silurian; the same 

subdivi.sions are used as above. These three papers constitute au important addition to 

the stratigraphic paleontology of the Minnesota Lower Silurian. 

C. lV. Hall ancl F. Tv. Sa?·deson. 

1892. Paleozoic j01"lnations oj southeastern Minnesota, by C. W. HALL and F. W. SAR­

DESON. Bulletin of the Geological Society of America, vol. III, pp. 331-368, June 23, 1892, 

This paper repeats the classification and the paleontological results expressed in the 

foregoing papers of Mr. Sardeson. It embraces also various structural and petrographical 

information relating to the Upper Cambrian and the Lower Silurian in Minnesota. 

In speaking of the paleontological characters of the St. Peter sandstone some fossils 

lately found near St. Paul are named, which in the opinion of the authors show the Lower 

Silurian age of this sandstone. They are: 

Murchisonia graCilis Hall. 
Murchisonia perangulata Hall. 
Two new SpeCieS of Modiolopsis. 
Undetermined species of T ellinomya. 
U ndeterm ined species of Endoceras. 

THE REPORTS OF THE MINNESOTA SURVEY. 

1872 -1892. Several of the annual reports of the Minnesota survey have dealt with 

the strata and the fossils of the Lower Silurian, viz: 

----- ---------------------
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The results of a general reconnoissance of the southern portion of 
FiTS/ 1'ep01't, 1872. 

. t ' I des detailed sections of tr.e the state are given in the first report; thIS statemen mc u 

I f th L . Silurian so far as known to eXlst stratigraphy supposed to cover the who e 0 e ower . 
in the state, with mention of the distribution of some of the fossils. The Hudson RIver 

was not identified. 

S econd 1·ep01·t, 1873. 

in Dakota county. 

Thi1'd 1·ep01·t, 1874. 

Mower county. 

Contains simply a section of the stratigraphy near Farmington, 

Gives a brief account of the" Silurian" in the northeast corner of 

FOlt1·th 1'ep01't, 1875. Containing the geology of Fillmore, Olmsted and Dodge counties, 

deals largely with the Lower Silurian, especially in its effect on the topography in the 

eastern part of the county where the drift is thin or wanting. 

Fiflh 1'ep01't, 1876. Gives the geology of the Lower Silurian in Houston and Hennepin 

counties. 

Sixth 1·ep01·t, 1877. Contains observations on the Trenton at Wanamingo, in Goodhue 

county, and at St. Paul, in Ramsey county, also in Rice county. 

Eighth 1'eport, 1879. Ten species of brachiopoda are here described, supposed to be 

new, from the rocks of the Lower Silurian in Minnesota. 

Ninth 1·ep01·t, 1880. Three new brachiopods are described in this report. 

Twelfth 1·ep01·t, 1888. Contains a description of a new trilobite, by A. W. Vogeles, 

assumed to have come from the Trenton, but shown by Prof. Clarke in part II of this 

volumeto have been derived fTom the middle Devonian. 

F01/1·teenth 1'epo1't, 1885. This contains a " report on the Lower Silurian Bryozoa, with 

preliminary descriptions of some of the new species, " embracing forty forms; also "re, 

marks on the names Cheirocrinus and Ualceocrinus. WIth descriptions of three new generic 

terms and one new species." 

Fifteenth 1·e])01't. 1886. Three species of trilobites, two of them new, are here described 

from the Trenton limestone by Mr. A. F. Foerste. 

Nineteenth 1'ep01·t, 1890. "New Lower Silurian Lamellibranchiata, chiefly from Minnesota 

rocks." Contains descriptions of 28 new forms. 

VUlltme 1. FinaI1·ep01·t, 1872·1882. In this volume are the final reports on the counties of 

Houston, Winona, Fillmore, Olmsted. Dodge, Steele and Rice, in all of which these forma, 

tions occur, with maps of their surface distribution. 

Volume 11. Final Rep01'/, 1882,1885. Here are given the final reports, with county map8, 

on the geology of Goodhue. Dakota, Ramsey and Hennepin counties. 

Bltlletin NO.5. Natural Gas in Minnesota, 1889, N. H. W1NCHELL. A record is given 

of the deep well sunk at Freeborn, in Freeborn county. Here the Galena limestone is given 

at 10 fflet, being the first rock struck below the tirift. 'rhe shales and underlying Trenton 

are given a thicl{nesl> of 310 feet, which may be considered doubtful. 
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OTHER PUBLICATIONS BEARING ON MINNESOTA, BY MEMBERS OF THE MINNESOTA GEOLOG· 

ICAL CORPS, ON THE PALEONTOLOGY OF THE LOWER SILURIAN . 

.d con'elation of the Lower Silurian h01'izons of Tennessee and of the Ohio and Missis ­

sip1)i valleys ?Vith those of N ew Y01-k and Canada. E. O. ULRICH, American Geologis t, vol. 

I, pp. 100. 179. 303, 333, 1888; vol. II, p. 39, 1888. 

On SCe1)t1'Ol)Or(£, a new gemls of B1'yozoa, with 1'e7nw'ks on H elopora, Hall, and other gen' 

em of that type, E, O. ULRICH, American Geologist, vol. I, p, 228, 1888, 

P1'elirninaxy dEl' cripMon oj new Lowel' Silm'ian sponges. E. 0, ULRICH, American Geol­

ogist, vol. III, p. 233, 1889. 

On L1'ngulasma, a new genlls, and eight new species of LingLlla cmd Trematis. E. 0, 

ULRICH, American Geologist, vol. III, p. 377, 1889; vol. IV, p, 21, 1889, 

Cont1'ibutions fo the micro-paleontology of the Cambl'o-Saw'ian 1'ocks of Ccmada, Part 

II. E. 0, ULRIUH, Geological Survey of Canada, J 889. 

New Lmnell-ibntnchiata, E. O. ULRICH, American Geologist, vol. v, p. 270, 1890; vol. 

VI, pp. 173, 382, 1890 ; vol. x, p. 96. 

N ew Lower Siltwian Ost1'(tCoda. E. O. ULRICH, American Geologist, vol. x, p. 263, 1892. 

PI'eUmina1'?! desC1'iptions Of new BmchiopodaJTom the Trenton and Hwl80n River gro U1JS 

of Minnesota, by N. H. WINCHELL and CHARLES SCHUCHERT, Amencan Geologist, vol. IX, 

p. 284, 1892. (Distributed April 1, 1892), 

Two new LoweT Siltl1-icm species of Lichas (SlLbgenus Hoplolichas). E. O. ULRICH, 

American Geologist, v ol. x , p . 271, 1892. 

Geological SLwvey of Illinuis. A. H. WORTHEN, director, vol. VIII. Geology and 

Paleontology, Text and Plates. Edited by JOSUA LINDAHL, Jnly, 1892. Amer ican paleozoic 

Spon,qes, E. O. ULRICH, pp. 211,251; Descriptions of L ower SilLL1'ian Sponges, E. O. ULRICH, 

pp. 255-282; Paleozoic B1'yozoa, E. O. ULRICH, pp. 285·688. 

TABLE OF STRATIGRAPHIC DESIGNATIONS. 

The following table shows approximately the stratigraphic positions of the various 

ter ms that have been applied to the different, par ts of the Lower Silurian in the upper 

Mississippi valley since 1820. The base of the H udson River formation has been a well ­

known horizon, and since its first discovery it has not been changed. The base of the 

Galena limestone has been a well -known lithologic horizon, and for many years has been 

accepted as the base of the Galena formation, Owing however to the early enumeration of 

fossil species which wen) said to be characteristic of the Galena, in some of the shales and 

shaly limestones below the principal limestone, by the authors of the term Galena, it was 

soon found that the Galena formation, on those definit ions. must be considered to embrace 

a portion of the underlying shales. Opinion fluctuated, however, as to the propriety of in­

cluding these shales in the Galena, inasmuch as that would destroy the usefulness of the 

term as a convenient lithological base, and since there was as yet no way of deciding h ow 

- -- - -,-----~~-
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. I d d When however it was found that much of the underlying shale should be thus mc u e . , , . 
. b r b t that its basal portlOn became the Galena limestone proper had no umform ase me, u 

shale toward the north and that other shale beds began to be interbedded in the limestone 

at higher levels. it was apparent that in Minnesota there was nothing left of a lithological 

base line, and that the only criterion on which to establish the bottom of the Galena was a 

downward extension of its characteristic fossils, and an enumeration of the other associated 

and characteristic species. Thus it became apparent that in Minnesota about thirty feet on­

lyof the underlying shales might be put into the Galenaformation. In Iowa there is reason 

t.o believe that a greater thickness of the underlying strata may thus be transferred to the 

Galena. Owing, however. to the gradual lithologic transition from shales to limestone, 

or vice versa-whether horizontally or perpendicularly-it is apparent, as already remarked 

that the characteristic fossils of the Galena and their associates will not be found to be 

distributed throughout the region in complete conformity with the limits here es tablished 

and the query very naturally arises whether the distinctiou between the Galena and the 

Trenton is one which on any terms, whether lithological or paleontological, ought to be 

perpetuated. Our results certainly show so intimate a relation between them that they 

might with propriety be put into the same formation with a common designation. 

It is barely necessary to call attention to other conclusions that spring from an in· 

spection of this table and a comparison of it with the tabulat,ion of fossil species given 

in the introduction to part II of this volume. 

The suggestion of D. D. Owen in 1852 that the Galena can be parallelized with the 

Utica slate and Hudson River formations finds no support in our results, but those forma· 

tions are necessarily at a higher horizon if they both occur in the Northwest. 

The suggestion of H. D. Rogers, in 1858, that the Galena limestone is possibly the 

western representative of the Utica slate. more elaborated and adopted by C. D. Walcott 

in 1879, is not supported by our results. 

The terms Buff and Blue, used to designate some portions of these formations (Tren­

ton), under the erroneous idea that the strata to which they were applied were of the age 

of the Blue limestone of Ohio (Cincinnati group), have been the source of many mistakes; 

and as the strata are older than their supposed equivalents, these terms ought not to be 
further employed. 

There are good reasons for believing that the Hudson River was separated from the 

Galena, or top of the Trenton, in the Northwest, by some physical convulsion which ex­

terminated, or expelled, most of the species that preceded it. This is indicated not only 

by the rarity of the species that survived the change but by certain physical features that 

accompany the basal beds of the Hudson River. At Maquoketo Iowo M' J t. w, w, I. ames men Ions 
some evidence of stratigraphic non· conformity at this horizon Fro thO h . . . . m IS OrIzon upward 
mto the lLmestones of the Upper Silurian the transition is not more marked than from the 
Galena to the Hudson River. 
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In the introduction to pa,rt 2 the reader will find fUl·ther discussion of the stratigraphic 

peculiarities and the distribution of the fossils of the Lower Silurian. and some compari­

tive tables indicating the relations of the Mississippi valley with the same rocks in New 

York and Canada and in the Cincinnati region. 

Dates of publication oj the chaptm's of this 1Ja1"i oj lh·is volume. 

The five chapters which are included in part I were published. in editions of one hun­

dred copies each, and distributed on the dates given below. 

Chapter I. Cretaceous Fossil Plants from Minnesota. Feb. 15, 1893. 

Chapter II. The Microscopic Fauna of the Cretaceous in Minnesota, with additions 

from Nebraska and Illinois. Feb. 15, 1893. 

Chapter III. Sponges, Graptolites and Corals from the Lower Silurian of Minnesota. 

June 6, 1893. 

Chapter IV. On Lower Silurian Bryozoa of Minnesota. Jan. 15, 1893. 

Chapter V. The Lower Silurian Brachiopoda of Minnesota. June 6, 1893. 
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ERRA'rA. 

FOR PART I, PAGES 1 TO ,174. 

P. 9. Add Dote 0 0 "2. Sequoia.winchelli Lx." as follows: This species was round ut Austin and is not 
known to occur uenr New Ulm . 

. P. 9. l~or "7. PopllllLS winchelli , sp. nov," reacl 7. PopuUtes wincitelli, sp. nov. 
P.9. Af,er "19. Llmli(t md'i(ttct Lx." dele "t" in the first cdlulDn and insert it in the th ird. 
P.36. T enth line froID top, for "PLATE n" read PLATE D. 
Plate D. Fourth line from bottom of explanation, for "AUBULINA" reacl OIlI1ULTNA. 

P. 69. [Jnder "ANOMALOSPONGIA" insert PLATE ~', FIOS 13-15. 
P.85. Sixth line frOID top, for "Galena sbal~s" reacl Trenton shales. 
P.92: ]'jrst line in de.cription of Hgure, for "Galena" read Trenton. 
P.106. Under "Family PTILODICTYONlD£" acid Escharopom HALL. 

P. lOG. [Jnder "Family RnlNTDICTYONID£" add Trigollodictya ULRlCn. 
P.l01. [Jncler "Family BATOST01IELLID£" add Eridotrypc< ULRICH. 
P.I07. U nder "Family DrPLOTRYPID£" add Stromatotrypa ULRlCn. 
P. 107. Under "Family CERAllOPORlD£" aclcl Bythotrypo ULRlCn. 
l'. 110. Twenty-H rst line from bottom;.for "Dichtyott'ypa" reacl Dichotrypa . 
.P. 157. Thirteenth line from bottom, aclcl PLATE VII!. ],'lOS. 4 a"d 5. 

P . 17 1. Second Iiue from top, for " F[GS. 1-12" read FIGS. I-II. 

P. 178. Eleventh line fl'OUl top, for " ANTHROPORA" read ARTHROPORA. 

P. 180. Under "Section a" insert S . exigllct Ulrich, '!'renton limestone, Canada. 

P.I84. "STICTOPORELLA EXIGUA" should be de cribed here; ror description see explanation to 
plate XIII. 

P. 185. Fourteenth li ne from bottom, for "Glathopo1"a" read (Jlathropo1'a. 
P.220. Eighteenth line from top, add Reappears in the upper part of the Galena shales. 
P.244. First and second lines from bottom, dele "and only * * * * * Lower Silurian," 

and add An examination of the types of this species proves it to be an Aspiclopol'a, 
It should be added therefore to the species of that genus on page 255. 

P. 255. See erratum for page 244. 
P.281. Fourteenth line from top, for "FIG . 15" read FIGS. 13-15. 

P.321. Fifth line from top, for "Stl'omatotrypa ovalis" read Stromatot1'ypa ovata. 
P. 339. Eleventh line from bottom, for "pI. L," read pI. 1. 

P . 375. Fourtb line froUl top, for "pI. IV H," read pI. IV I. 
Pp. 382 ancl 383. Substitute Parastrophia in alI places for "Anastrophia." 
P.385. Insert S . winchelli HalI, Trenton between tbe eighth and ninth lines . 
P.391. Fourtb line from top, for "pI. Xl A" read pI. IX A. 
P.407. Seventeenth line from bottom, acid PLATE XXX£[, FIGS. 59 and 60. 
P.453. )j'ifteenth line from top, for "FIGS. IS and 4U" read FIGS. 48.50. 
P.455. Second line from top, for "FIGS. 49 and 52" read PIGS. 51-54. 

P.458. Second line from top, for "FIGS. 53 aDd 54" read FIGS. 55 and 56. 
P .471. Seventh line from bottom, after "HALLIN An add a note as follows: The genus Hall.ina 

Is later kno,\ D to be a young- condition ot ZY(Jo8pfra, ot wblch ILls a synonym. (See Proe. BioL Soc. Washington, 1893.) 
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OHAPTER r. 

CRETACEOUS FOSSIL PLANTS 
FHOM MINNESOTA . 

BY LEO LESQUEREUX . 

In looking over t he long se ries of the groups of p lants which h~Lve inhabited the 

earth at the divers periods of its evolu t ion, none appear so remarlmble, noue excite 

so much of interest and stimulate so forcibly the mind to re8earche,,; by problems of 

importance and magnitude, as that of t he Middle Cretaceo ns known inN orth America 

as the flora of the Dakota g roup. 

'rhe geo log ica.l area occnpied by the formation, i t::; th ickn ess and the constitu tion 

of the roeles are wel l known * Some portions of its Hom have heen already 

described by Emopean and Ameri can autho r:; in more or l e~s co mpl ete memoirs 

which have pu t in ev idence t he great variety and lux uri ance of it · con:;tituents. It 

seems, therefore, that the vegetation of that period should be satisfactorily known, 

from the fossil remains which have been determined until now, but, nevertheless, 

every new research in th is field brings forth some facts wh ich contribute to more 

evidently expose tbe peculiar character of t be flora and its wouderful diver, ity. 

Though the above assertion bas been made alrea,ely at d ifferent t imes, it is now 

suggested again, by the exami nation of so me lots of .·peci men::> procured in Minne­

sota, representing a, number of species. whi cb, de cribed be low, give occasion to some 

remarks upon t he or igin , the di .. tributiou cLud the peculiar character:; of the vegeta­

tion previtlent during t he period of tbe Middle Cretaceous, generally known as the 

Cenomanian. 
In t he present stage of its progre,,;s. veget",b le pal Eeontology bas di ·covered evi­

dent traces of land vegetation a:; far down a. tbe Middle Silurian. The most ancient 

remains of land plants represent species of the tbree orders, composing t he class of 

the Acrogens or cryptogamous va.scnlar plant:;, viz : the Equisetacece, tbe Filices (or 

, --'------. 



2 THE PALEONTOLOGY OF MINNESOTA[GeOiOgiCai introdl1 ction or piants. 

1· It " very probable that a lready at t his old epoch some fern o) and tbe Lycopoc /Gcece. l ~ , . 
v • • s first represeutati ves of t he cOl11fers and t he kind of phffinogamous anglOspel m , . . 

d t l '. -' t lce ' for remains of C01'(im tes have been found m the Cycadece ha lell ex IS e1 . . . 
. . II . Canada These Cordmtes ltke the ferns, the Lycopods Lower Devoman, espeCla y m . , , . 

d I E . t vere plants of various size' either small, floatIng, bushy, or large an tIe qlllse acece, \ " . 
t ree, Theil' stems or trunks were composed of a woody cylll1der, the WO,Od bewg 

diBposed in coucentrical circles and perforated by pores like that of the cOUlfers, and 

their fruits, of very diversified form, had a great analogy to that of the Cycadece, of 

which t hey have been co nsidered as the ancestors or prototypes. Heuce it is prob­

able that from its origin the land vegetation was characterized by the four essential 

elements which have composed it in the long series of ages and formations from t he 

Silurian to the Cretaceous, 

In the Upper Devonian already, nnmerous species of fern s, some of them 

tree ferns, t he Lycopodiacece with their generic divisions, Lepidodendron, Uloden­

drOit, K l1orria, Halol1:ia, Lepidophloios, Sigillaria and Stigmaria; the Calamm'iece as 

Calamites, AsterophyLlites, Annularia, Sphenophyllwn and the Cordaitece, as G01'daites, 

are present. Even trunks con idered b}' some authors as referable to the Amucariece, 

a family of the conifers, have been found there in England as in A merica. Except­

ing th is last kind, all the above genera are more abundantly represented in the 

Carboniferous, a number of their species passing higher, into the Permian. Here 

while the large Lycopodiacece and a number of species of fern lose their pl'edomi­

llanue and gradually disappear, their place i taken by conifers of a peculiar type, 

VaZrhia, Ulmannia, and later in the Tria by Volzia and Albel'tia, all, like the Anluca­

I' ieee, of t he order of the Abietacece, It i, there also that t he COl'claiteCl' give place 

to tree Cycadece. which gradually become predominant together with the ferns and 

the conifers. In the Keuper, the Calamal'iece sti ll represented by gigantic Calamites, 

hecome somewhat modified in t heir conformation, the articulations of t heir stems 

becoming like those of the genus Eqltisetuln, ulTounded by sheaths in tead of whorls 

of separated narrow leaflets. But in the Lias, t he Calamariece and the arborescent 

ferns become, like the Lycopodiaceee, mostly reduced to herbaceous plants; and in 

the Oolyte, the Jurassic, the Wealden, even the Lower Cretaceous. the whole vege­

tation, though modified in its a pect and its forms, is still composed of aerogenous 

and gymno pel'mous plants with a few monocotyledons of as yet uncertain affinity, 

Still in th,e Cretaceous, but neal' its base in Europe, the vegetable remains 
attest the per Istence of that peculiar and unifol'Ul veget t' 1:' h I' h b't 1 

- a IOn W] l C liJ,S 111 iJ, 1 ec the land during such a long se 'i s fl' , 
. leo geo oglCal penods, For example, in t he 

Vernsdorf schi sts of North Germany h' h b th ' 
,w I C Yell' faun a and their geological stage 



CRET ACEOUS F LORA. 
F loro. or tbe D a.kota g roup .' 

are referable to the Urgon ia n or Lower Cretaceous. a group of plants has been dis­

covered composed of 1 algoid, 3 fern s, 12 Cycadece, 5 conifers and :1 monocotyledon . 

The characters of t hese plants ar e like those of t he plant· of the Wealden and of t he 

Jurassic. In Green land, the Swedish expedit ion und er the direction of N ordens­

kiold also found at Kome. in trata which by their fauna are r e ferable to about 

the same geological su brli vision of the Lower Cretaceou as the Vernsdorf schists, 

a group of 88 species of plants rep resenting 48 fem s, 1 Marsilia, 1 Lycopod, 

3 species of Eqnisetnm, 14 Zamiece. 17 conifer '. 5 mOllocot.vledons with a few frag ­

ments of a leaf of a dicoty ledonous species, a Populus which Heel', who has examined 

and determined the plants, has na med Populus p, ·imceva. Here still we find preci 'ely 

the same elements of veget ation as in the W ealden and th e J Ul·assic. except t hat 

leaf of Popul'ns. 
It is from this point or from above the lower Urgonian subdivi sion that 

appeal' the earlier Ameri crtn Cretaceous stratrt, t hose of the Dakota group, imme­

diately superposed, in the western states to the Permian magnesian limestone. 

Above this form ation and up to the base of the rrel'tiary, one passe3, in ascending 

through the foul' geological subdivisions fix ed by Hayden a nd Meek, the Ben ton , the 

Niobrara, the Fort P ierre a nd the Fox Hi ll groups. The fa una of the Be nton group 

is that of the Cenoma ni an of d'Orbigny; by its position t he Dakota group is referable 

to the same subdi vi sion, while its flora is t hat of t he MiddJ e CretaceoLls of Green la nd 

and of the QuadeI' sandstone of Germ any. Its geological stage is t hus posit ively 

fix ed a.s succeed in g t he Urgonian, where, as seen a.bove. the types ot the vegetation 

ftre sLi ll mostly J uras:ic and without a ny trace of dicotyledons, except that Populus 

found by Heer amo ng t he 88 species of Kome. Now, the flora. of the Dakota group 

is of a totally different char:1cter. As kn own at the present it has in more that 200 

species of plants w bich have been determined, 1 Equiselltnt, 6 ferns, 6 Cycadece, )0 

conifers, 3 monocotyledons a nd 175 dicotyledon~, t bese being in the propor tion 

of 81 per cent. while th e otber g roups of pl ants, including the monoco tyl edons, 

r emain r elati.vely t he same. The flora of Atane which has been discovered in 

Greenland in strata at a higher stage of t he Cret.aceous than that of Kom e. a nd 

which is also referahle to tbe Cenomanian by its fauna, has about the same e lements 

in its composition . In 177 species described by Heel', i t has 3 Fungi (FJypoxylece upon 

leaves of dicotyledons), 31 ferns, 1 Mct1'silia, 1 Selagi l1ella, 1 Eqltisetwn, 11 Cycadece. 24 

conifer s, 8 monocotyledons and 97 dicotyledons. or a proportion of 55 per cent. of 

di cotyledons. This group of plants has :1 greater number of fern s and con ifers than 

that of the Dakota group, a differ ence evidently due to the influence of loca'! atmo­

'Jpberic circumstances. In coll ections recentl y made of plants of the Dakotft grou p, 

___ J_.~ ______ ~~ 
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the 1111mb r or Hp ci s of Cycadem i .' gr (~L l y in 'I' lU; d at some localiti 8 ,~nd most 

prolmh ly Lil (' ni[ J's al1d t ho r J'ns mltyb roundal.o mol' abund" n t:~tsom otbol", 

Tho f10m of' A \;tIle, :wd Lhat o[ tho IhkoLa gr u r have anum bor of idoll ti ':d .' [J cie:.; , 

As y L, no l' ' miLios o[ foss il ph111b; h(wo b n d .' I'il d fro m tho A 1l10rican 

' I' Lil(' ()u~ ahoy Lil Oalcot,l group, DuL in Uro nlancl , at a high or fl tage L h f~n that 

of A Lun and in , LraLa COli ider d as ref ralJl 1,0 the Lowor Senon ian, UPL or 'r ota­

(' OWl, Lho S:LlnO dis('ovor rs hav f'ound a group of' plants sti ll relaLod to Lhe Oono­

mftniall by som~ id nLi ai, pe iOf;, and comp ri .' ing ill 11 l:!pociof:l, l fllngu.', l!) ferns, 

1 J~lJuiselll1/1, ]7 con ifers, 5 monocoLylodons and 75 dicotyledons, [n this fl ora the 

pJ'oporLion or LIl die tyl edolls if; 63 Ll I' C nt" and t he gonora,1 cham t r or tho vogo­

bLLion i s viii nLly Lh sam, In' nLinlling Lil I'OS arclies alJovo, in t h 8Ilbll qllont 

[ormaLion ~, wo won Id n nd tho, <tm ki n<l of gl'ad ll iL I chango and Lho , ilm proporLion 

in Lho composition of Lh f1om, :-;01110 of Lh types fLI'O modifi (1 in t ho ch:Lm 'tor of' 

Lho sf) cifls, whi h iLh or disapp al' 0 1' ,11' consLituted as 11 IV ; hnt Lho goneml 

proportion in Lho consLitu nLs of Lh fl oras r mains about t h .'i~m, LCor xampl e, 

,~t t h bas of' Lho 'l'erti ' ~ I'Y, Lh flora of Lh L,.mmio group, Low I' Foc no in 

chal':u;t r , has in iLs composil lon :1 proportion of 66 pOl' cont, of' dicotylodons, 

ft 11:1.', mol'oov 1', it 11 W olemont in t ho prorJo mil1<LIlCe of Lhe [ :Lilll ;;, o f whi(~11 

v I'y f w l' mains h:tvo b en found III Lho 'I' taooous, Bllt ,Lbovo, ill Lhe Oli go 'on 

whoI' LII p:Lims hay bocomo xt l' moly I'(l.re, t h Pl'opo l' tioli of Lhe di cotyl e­

dons r maim; th sarno, a.' it is ,Ll .. o in Lho Mi cene, :~nd ill Lh , fl om of' Lho 

pros nt po 'h, 1J ing m I' ly modifi d hy I ca l inflnonce.', ospo('i all y by variat ions of 

t ml raLllr, 

Iii it Lh n po.'sible Lo oxp lain in some WfLy th total 'ballgo notic cI in Lll o IHtl'­

:LetOI" of Lh v getation of the earth in Lho middlo of tho Greta,coous '! 'I'n show 

Lb diflicnlLy of Lho olution of ,1 problem liko tll:,L of the app amn(; of t hc dicoty­

I cion.' in th f1o'J':L of Lh:.L p riod, it is nccos 'it l'y Lo know sOlll oLhi ng 111 01' :LilOllt t ho 

(', h:LI ':I( ~ L rH of' LhoHO ]JrimiLiv dieoLylori ons, itS wo find t hem in 1, 11 DakoLa, group , 

To aclillit, as rio S0ll10 autllorH, thaI. the (' Il all ge kts h 011 procill(, C' ci by it. gl'a cill :l l 

l11odifir:d,ion of somo t.ypos, ('ailS d by xLol'lIa l influ neo:;, Oil!' wOl ild SII[>p0.' , ill 

('onsid ring Lho IfLrgo 1111lnlJ I' of dicotyl odolls now l(l lOWIl from t il Middl o Crota­

(', ons, th:~L iL would h posHih l to find some Lracos of Lho :,uc{Jos;;i vo r10groOH of 11l0d­

ifi ',.lion.' which, of COUl"C, eall 1I0L havo i~etod m I' Iy upon Lho I avos, or IIpon il 

singl kind or orgall, bnt upon all Lho liiLl'tS of' :~ p];~nt, No spocios of t h li coty le­

dO~lO ,II S, ' ri OH has as y L shown any such in t, I'm di:tto cli;~l'iLctors indicating by i ts 

lof J'I I'l ty a rI groo of tran 'ition ; and thu.', of :tl i Lho 'pcniei'! found in t he i:lLntt:1 of 

the Miilrllo CI' tac OllS, it i f! not pORR ihl e to com;i 1 I' :tny oll e a,s being of i1 lowol' 

-
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degree of organization than itnothel'. And also, in the large number of vegetable 

remains of the lower division of plants, none have been found in the long seri es of 

ancient vegetabl es, whose characters would indi cate a teudency to a transition to a 

a higher order. Some ferns of the Trias and the Lias, even of the Carboniferou s, 

are by their outline.', like dicot.vledouous leave.', but their nervatiou is always far 

diffei'ent, and, moreover, a.' . aid above, the likeness of a leaf eau not by itself indi­

citte it relation in the characters of it plant, as in passing for example, from a fern to 

a dicotyledon the whole plant has to be modified, the strll cture of the stem, the 

wood, the flowers, fruits, etc. Evolutionists may tmce the derivation of a specie' 

of mammal s from one to another, but they can not look for such transitional forms 

between a saurian and a mammal ; and it is a difference of this kind which exists 

between the dicotyledons itnd tile lower series of vegetab les predominant from t he 

origin of the land plants to the Wealden. 

But more. If the change had proceeded by slow degrees of modification of one 

species. the results would be, of course, a great uniformity or an affinity of parentage 

noticeable in the derived types. Tha.t is certainly not the case for the flora of the 

Dakota group, as it is known at the present time, has its dicotyledonous species 

referable to the three great divisions of the preseut dicotyledonou:o flora; the Apeta­

leee, the Gamopetaleee and the Dialapetaleee. Of the fi r t, it has the Amentaaee with 

species of the genera My?·ica. Betula, Alnus; the Cupul,jeJ'eee wit h Fagus, Que?'cus, 

Sal-ix, Populus, Platanus, Lignirlambcw; the Mot'eee with Ficus; t he Proteacec8 with 

Proteoides, Toc7ea, Lomatia; th e Lmtmceee with Launls, PeJ'sea, Sassa:fras, Cinnamommn, 

Ol'eodaphne; the A ?'istolochieee with A?·islolochia . Of t he second. it has the species of 

Diospyl'os in the f)iospyrinecp. and of Andromeda in t he Ericaceee. Of t he third , it has 

the Amliaceee with a number of species of Aralia, and of Hedera; t he AmpeUdeee with 

Cissu,s; the Polycarpeel?with N[a.gnolia, L1riodendron, Lil'1:ophyUu117, Anona and a number 

ofspecies of i\1enisper/naceee; th e j]{alvacerewith Sterculia; t he T'iliaceeewith Greviopsis; 

the Aceraceee with Acerites, and especially Sapindns; the Fran.,gulacece with flex, 

Palinul'lts, Rhamnus; th e Tel'ebinthineee, with ,fu.CJlans and Rh.us; t he Rosiflol'eee witb a 

Pyrus aud a PrulIus; tben species of the Le.r;wninoseee with a number of leaves 

assigned to genera whose affinity with plants of the present epoch is not distinctly 

marked . How is it possible toadm it or even sLlppose t hat plauts referab le to such ,. 

number of gene ra distributed in divers fa.mi.lies ot the t hree e. sential uhdivi 'ion of 

tile dicotyl edons might have origin ated by gradLlal modificittiou:; of one 01' more 

species of the inferior classes of plants, to which, as remarked above, it has been 

impossible to find any kind of analogy, and this, too, during the t im e of t ransition 

betweeu two consecutive periods, the Urgonia n and the Cenomanian ~ 

, -_ ....... _----. 



• 
,{,11 E PALEONTOLOGY Ie 1\I INNESO'rA. W01'r la lion o f n Ol'ag. 

In ('on. idering the question of tbe ('orrebLion of the pl an ts recoO' nized in t he 

,' u('cession of the tioras iuce t heir origin. one fo rcibly a 1'l'i ve~ itt the . ,1me conelusion. 

Lhe impo sibility of explaining hy a.ntecedent ' t he [· hMa tel'S ut t he vegetation of' 

t he !IIiclrll Creta.ceou . 01' rather t he pI' sence of the dicoty ledons a. it' essenti al 

element. From the heginning aud in 10 'ely fo llow ing t he march of'the vegetation. 

we find an evident degree of parentage between the groups whi ch d isc\ ppei:Lr and t bo. e 

which fo llow t hem. Thus the affil iation of t he fern. of the Devonian to t ho e of t he 

C'<1tskill group; t hen to t ho e of the Rubcarboniferous. is easily foll owed up into tbe 

Permian, and ~till. by gradual 1l1od ifi 'aLion t hrough the ages, to t he pre. ent epoch. 

The groat Lycoporiiaf'eff,-Sigillal'ia, Lepidvc/endl'o ll. etc., grad ually t<tke ,t more ma rked 

place in the vegetation of t.he pltlmozoic times. heLVe the highest degree of predomi­

!1<tllce in t he l'arbouiferous. have thei r time of decli ne in the Perm ia,n, but continue 

to he rapr ,; ntod up to tbe pre 'ent oporh hy phwts of t he ame ki nd but of s l11<111 

. ize. Tho 'onifar::; al;:;o. whicb distinctly appear in t he Permian by peculiar forms, 

gradually hecoming more predominant. conphtute the e. sential vegetation of the 

.Jura. 'ie, 'Lill re main ill the present Hon). und r somew hat. modifi ed forms. Th e 

Cycaderl', apparently as old a ' the Lycopodiare(l', fo llow t he same march of development 

t raversing t h Cilrhoniferou as ,'\,11 e sent irLl constituent of t he vegeta.tion. decliniug 

in the Permian and by modification of some of their ('haracter," piLssing to tbe Cycadece 

which Lben follow t he . 3me m,Lrch <l~ t he con ifers. There is, inelee 1, 1 ctween t he 

COl'dailerf and the C!fcadere a markecl difference, 1 ut the mode of gntd ua,l t ransform­

ation betwoen plants which have 'uch great analogy of characters may be easily 

'ollce ivecl, Alter following t he gri.LrlLl<d variations of types through the palreozoic 

time one may toll w t hem sti ll from the Cretaceou' and see t hem al 'o cont inued 

upon the eli oty leelom, from their apr earance t hrough t he cenozoic age, to the pres­

ent epo h. ll en e all t he group of vegetables appe,U' from t heir origin as linked 

t gether by n kind of I Iltative affi li ,tLio ll ; but nothing like t bat can be seen to fore­

Lell the appea,rance of the dicoty ledo n. in the :Miclcl le Creta,ceo us ; t he parentage is 

derived from t hem ill t he hereafter, but none can be fo und ill t he past. 

A· we ~e · it in the D"kota gronp, in the formation of Atane in Greenl and n.nd 

abo ill the lIJiddle Cretaceous of En rop , the Cenomanian fl ora apr ears in its ~ i s tri­
I UtiOll <tnel in the general characte r of it group,', as a complex a semblage of vege­

table type~ clo\'olopecl under the acting forces of a long seri es of ages. Th ouD' h 

,t 1l1l111I11'r of ,' per'irs a ro 1'0111111 idclIlical at thr dift're nt IOC'11'lt 'e t l 0 . , I . • Ie groups are 
generally dill'ercnt in charactor,. For eX'Llllll lc the fou·· . J' P l , . . . '. I 'peGle. [) 0]111 u of 
Ureenland al'o ol the serLIO\l of Lite vuriaceous 1 IOI)hl'~ ~ I]CJ of t Ile e . I' 1 . '. ' v, '" , nOll e IS iOUl1 f 111 

the lh kota group. Of rhe seven ,·pecie. of Querc1IS descr ibed from Green land , two 
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are identified in the Cretaceolls of Germany, nOlle in the Dakota group, which ha ' 

species of oaks of ,L different type. Of the Lau'I'inece, Greenland has seven; we have 

seventeen in the Dakota grou! : Europe has none, while species of Cndne1'ia are 

numerous in the Quader sandstone of Germany, and one only bas been described 

from Greenland and 011e from the Dakota group. The same differences are observed 

in some of the other group.: while some present a remarkable degree of affinity . 

Th e same remark is applicable to the distl'ilJUtion of the plants upon the land 

sm-face of the formation in North America. Kansas, for example, has many species 

which bave not been found in Nebraska 01' in Colorado, and vice' versa, In the small 

number of species described here below from Minnesota" there arl3 eight which have' 

not been found elsewhere and ,tre considered as new. The geographical distribution, 

as far as it is known at the present time, is really more complex and varied than it 

is in the vegetation of the present epoch. The vegetable remains are not found 

strewn over large surfaces of the land, as if they were deri ved from forests of wide 

extent, but over small isolated areas, more 01' less distant from each other, as if the 

leaves found there had fallen from groups of trees growing separate upon small 

islands or around wood swamps of small extent. And generally the plauts of each 

area are of the same or of related species or represent only few species 01' genera, 

each locali ty having some plants propel' to it. At one place the Sassaji'as abounds; 

at another the Lau1'inece; still at another the Li1'ioclencll'on, or species of another 

genus or family. Such a distribution does not agree with what it should be for 

pla.nts derived by evolution of one or more specie', as the plants of the same kind 01' 

varieties should, of course, remain together 01' follow the same range and direction 

in their distribution. It is worth remarking that as far a' it can be observed neither 

the geological features nor the conditions of the atmosphere of the Middle Uretaceous 

have been subjected to great changes. The cataclysms caused by volcanic agency, 

and the graclual elevation of the chain of the Rocky monntains, have come after the 

Cretaceou '. Noth in g in the vegetation of that epoch indicates great and prolonged 

disturbances of the atmosphere. In the lower , 'e rie, of the vegetable scale, tbe fem s. 

the conifers and the Cycadece are of the same type and some of t.he sallle species, a 

in the Wealden, the Vernsdorf shale of the Lower Cretaceolls, the schists of Kom e, 

and those of the Cenoman ian of Atane in Greenland. And from the time when 

the dicotyledonous plants appeared, or wh en we find them preclom inant. ~ome 

of the types which may be called primitive, as it is not possibl e to refer them by 

derivation to some anterior ones, bave continued in the different gruups of floras 

through the Upper Cretaceous and the Tertiary to the present epoch. modified, indeed . 

but distinct enollgh to be recognized in many genera and species of the li ving flora 

of this country. 

- --'-----, 



THE PALEO"NTOLOGY Oli' )IINNESOTA. 
[ Kumbel' or Mln nesotn l,.' !'O LlI.('€,O\l $ plllnts. 

The small lot of spec i1l1 e n ~ of (Jretaceou::; fossil plants obt a ined in Minne­

Rota by t he state geologist P rof. N. ll. vVinchell. a lld def:cribed here below lTIn,y erve 

a~ ,t ronfirmation f t he above remarks. 
The number of specimens. 55, rerresent no les:, t b,tn 28 spec i e~. Of t be::;e t wo 

only a re of gy l11 llos~ermous pl,w ts; ,dl t be other, dicotyledono Lls, a re r eferable to 

eighteen genera pertai.ni ug to t he t hree gre.tt sll hd iv i ::;ion~ uf t he di coty ledons, th e 

Ape/alecl', the Ga II/opeta lea', and t he.Dia lapetalell'. 

A.PE1' i\r...E ... l~ . 

Populus. 
Salix. 
Aillites. 
PlatctJlllB. 
FicU,f\. 
Latl)"us. 
CinnC{'I}lOn1llm. 

GAMOl"'ETA LEJE . 

Diospyros . 
Andromeda. 

D IAL APE T ALE1E . 

A,.alicc. 
Uisstls. 
Cred" eria. 
Magnoli". 
Dewctlq twa. 
J ugl""s. 
::;api11dus. 
eratcegus. 
P,·otophyUum. 

T he relation of the genus Protoph.'/ll ll 1/l. repre ented by t wo ~peei e:;. though 

sti ll \lllcertain. i. rno t prohah ly to Crerlneria, fLn d t herefore sha ll be admi t ted in the 

Dia lapela lea'. 
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Dlst l'lbutton ot Mlnnesotll s pecies. , 

T he following table sufficiently shows t,he botanical and geographi cal dist ri bution 

of the species. 

1. Pinus species ...... . . . . . . 

2. Sequoia ,,,inchelli Lx ... . 

3. Popltliles elega?ls Lx .. . 

4. P01Julites cyclophylZ,ts Heel'. 

5. Populites litigiosus Heer . . ..... . ... . .. . 

6. Populites lancastriens;s Lx . .. . . . .. . .. . 

7. POpltz,tS winchelli, sp. DOV ....... . . . • .. 

8. Populus be"ggl"elti Heer ...... .. . . . .... . 

9. Salix p"oteijolict Lx ... . . . 

10. Alnites cmsSttS, sp. nov .... . .. , . 

I I . Platanus primreva Lx . . . 

]2. Pic,tS ctustinia?la sp. nov. 
·1 

13. Ficus species .............. . 

14. L aurltS nebrascensis Lx .. . 

15. L auTltS plutonia H eer. 

16. Cinnam01n1t1Jt scheltchze,i Heer . 

17. D iospy-rospseudo.anceps, Sp.DOV .. 

18. Andromecla pa"lato,"i Heer . .. ... . 

19. A"alia mdia/,a Lx ..... . ..... . . . 

20. Gissus browniana, sp. nov . . .. 

21. Magnolia aZte,.." al1s Heer . 

22. Dewalqueap,·imo)"(lictlis. sp. DOV . 

23. Jug/ans debeyana (H.) Lx .... 

24. Omtoogus at{(vina Heel'. 

25. Sapinclus mo,.,.iso"i Lx. 

26 . Legltntinosites species ... . 

27 . PTotophyllunt c)'edntwioicles Lx. 

28. P"otophyllum i"tege'Timttm Lx . . .. . ... . 

t 

t 

o 
- ------1-------1----1------- ----

t 

Gy "'"ospe ",,,ere. 

t 

t 

Apet "lew. 
t 

t 

t 

t 

n ctmo p e / ctl e (P . 

Di n l"lJe/cd ecP. 



10 'rHE PALEON'r OLOGY OF MINNESOTA. 

DE ()RIP'l'LON OF SPECIES OF CRE'l'ACIWU:::; FOSS lL P LAN'!';:': 

OF MTNNESO'l'A. 

1. PINUS specie . 

Leaf comparatively very long , lIarrolO, lineCl1'. medial nerol' broadj borders flat, irreg1l ­
larly l'ery thinly slriate lengthwise. 

rr he fragment of a leaf 11 cm. long, 2± m m. broa.d, is as fa r as can be seen t hat ot 

a si Il1pl e leaf of a Pinus, much I ike Pinuo hayesiana Heel', of t he Tertiary of Green ­

Jand. r1' he med ial nerve is obsolete in some part of t he le~\'ves, very dist inct in 
others. 

H ab. Nort h ide of the Big Cottonwood r iver near New V im. 
JI[U8 . R eg. No. 5160. 

2. SEQUOIA WINCHELLI, sp. nov. 

P LATE A , ~-IG. 1. 

F i"st A ll . R ep. Jl1ill?l . S,u·. , p . IV, . F inal R ep ., Vol. I, p . 354. 

Bral/ches slenderj leaves linear-oblong, obtuse, gradually narrowed to a linea?' decul'ring 

base, disconnected/ rom the bmllclies, at least ill theupperpm'!j medial nerve thin, sometimes 
obsoletej sUI/ ace tra nsvel'sely ntgulose ttnder the thin epidermis. 

A beautifu l ;;pecies with slender pinnately divided branches ; leaves <Lnd 

brancblets subcli tichous and sub-opposite, half open; leaves 8 mm. long or a little 

less, Ii to 2 mill. broad at the middle, equally narrowed upward to an obtuse apex, 

and downward to a narrow linear prolongation, decUlTing upon t he branches, but 

disconnected from t hem in t he upper part or under t he point of union to t he 
leaves, 

The on ly relative known to t he species is Sequoia brevifolia Heel', abundantly 

found near the base of the Laramie group fo rmation at Point of Rocks, Wyo ming, 

and also in t he Mioceue of the Baltic in Germany. The leaves of t he Cretaceous 

species are narrower, t heir base more distinctly decurrent and detacbed from the 
stems. 

H ab. Austin , Minnesota. 

][us. Reg. No. 11 5. 

POPULITES ELEGANS Lesqx. 

PLATE A. FIG. 2; PLATE. B, FIG. I. 

U. S. Gool. Report, P'. V Hayden, Vol. VI. C,·et . F l. 1). 59, ]-1, III, Pig. 3." 

LeaveiJ broadly oval, obtuse, or nearly 1'ound, narrowed at base by an abrupt Gw've to a 

"'Tbe quat,aLlons ot I,hls W()I'l{ a l'e merely illdlcn ted hcr'e bel ow flS CI'et . Fl. 



CRE'£ACEOUS FLORA . 11 
Popu llt es.l 

long petiole; borders entire, ttndulate; nervatioll obscurely tripalmate; and craspedodrome 

lJ1"imat·y lateral nerves emerging at a distance above th e basal borders. 

I bavt1 figu red two fragments of this species, in order to show the real forllJ of 

t he leaves . fn comparing the two figmes it will he seen that in PI. A, fig. 2, the 

primary lateral nerves are at a slightly greater distance above tbe basal horder than 

in PI. B, fig. 1, a fragment wh ich bas exactly tbe same cbaracters a in the leaf in 

e ret. Fl. loco cit. The leaves are genenl,lly huge, about 9 cm. long and nearly ~LS broad. 

'1'he lateral nerves about parallel. at an angle of divergence of 40°, bran ch under­

neatb, or sometimes dicbotomously, the ultim ate di\1i ~ion becoming very thin, but 

rnnning into t he border as 8ub-craspedodrome, a character rarely remarked in 

the Ii ving species of PopttlLLs. It is for tbis reason tbat I have preserved for the 

leaves baving th is peculiar character the name of Populites. 
The genus Populus was abundantly repre:lented in the Cretaceous of North 

America. In bis Phyllites de Nebraska, Heel' has described one species. Prof. 

N ewherry has three, also from N ebra»ka, in hi Notes on the Extinct FlonLs. 

have added to t he number three in tbe eret. FI. from Kansas and Nebraska, and one 

described bere below, or already S species. And still Heel' has found four species in 

t he specimens fro m tbe Cretaceous of Atane, Greenland, a formation which, by the 

number of its species identical witb those of the Dakota group, is evidently of the 

same age. Even t he fi rst and on ly leaf of a dicoty ledon found at Korne, a .-tage 

of the Cretaceous of Green land lower than Atane, is that of a PopulUS. It i .. 

remarkable that all tbe species of Greenland have a camptodrome nervation. 

Hab. North side of the Big Cottonwood ri ver, near New Ulill. Minnesota. 

Mus. Reg. Nos. 5155 c, 5~77. 

POPULITES CYCLOPHYLLUS ~ Heer. 

P"oceecl. oj the Acad. oj Nat. Sci. oj Philaclelphia , 1858. 1'. 266. Lesqx., O,.el. F l. p . 59, Pl. 1 V, f. 5; Pl. 

XXIV, f. 4. 

L erlVeS l'mmd, ellti)'e, siighlty 'IWclltlate l'Olmcled OJ' tmncate to the petiole, textu're 

mtller thin; nervation pinnate; lowel' lateral Hel'ves, eillerging at th e base of the leaves all 

craspeclodrome, stl'aight, simple, except the lowest pail' branchillg underneath. 

The species is ~ti ll nncert:tin, as I remarked in the first description l . c. T have 

referred to it leaves answering to the description of Heel', but the author doe not 

consider my reference as right. I baye not een any original specimen nor fmy 

figure of it. The specimen;; frol11 Minnesota are mere fragments, not sufficient for ~L 

positive determination . 

Hab. North side or the Dig Cottonwood river, nca r New Dim. 

Mus. R eg. No. 5155. 
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(Pnpulltes 

I'OP ULITJ£S LITlGlOSLIS lIeer. 

P LAT E A. FIG . :l. 

Pop "I" .• litigios« Heel', Pliyll. t111 N eb ., 7, p. tH , PI. 1, f.' NewlJ'.l/, No/es on E.t linci Flo1'fls, p 8. 
l //lls/l'. PI. Ill, f. 6; PI. I V, j, 1. 

Lea~'es rOlli/d. 1 leI'/! fIltire at basej ta/prat lI e /'/le~ opposite in the 101l'er pairs, aftel'lwte 

ill the upper. all distantj lIel'villfs stl'lJl1.fJ. curred, '/lot di/lidill,q, tIl e IIppel'forkill.qj IIlar.qiliat 
lieI've /lOlle 01' t" ill and short. 

Comparing the specimen from Minne ota wi th t he fig ure in t be " Phyll ." f. c. t he 

identity is ea, ily asr.ertained, t bough the figure of [-Ieer represents a mere frngment, 

The autbor doe not mention in t he desc ription t hA presence of a margina,l or ba ilal' 

nerve wbich in orne leaves, as in t he one from Minnesota. is quite strong, while in 
otbers if; is th in and somet.imes even indistinct. 

Hab. North side of the Big Cottonwood ril'el'. near New Ulm . 

Mus. Reg. No. 5 155. 

POPULITES LANOASTR IENSIS Lesqx. 

P I,ATE A, FTG 4. 

Orel. Fl. p. 58, Pl. 111, f. 1. 

Leaves large, b1'oadly c01'date ovate, obtusely pointedj b01'ders enth'e, slightly undulatej 

basda1' nerves in five, the tlppe1' alternate 01' sub-opposite, somewhat jlfxuouS, b1'Onclting from 

above the middle, all sltb-camptod,'omej nervilles 'Very t!tin, the lower undivided, the upper 
broken and bmnchin,q. 

Tbe leaf is well preserved : the apex and t he petiole, however, are destroyed: 

it is malleI' tban that in e ret. Fl. l. c" and more like t hat of Newb'y, Illustr., 

PI. 3, f. 7, named Populus cordifolia, but appeal's to be referabl e to the same species, 
tho ugh tbe basilar nerves are in three. 

HUb. North side of tbe Big Cott·onwood r iver, near New UlIU, Minnesota . 
. Mus. R eg. No. 5155 D. 

POPULITES WINOHELLI, sp. 11011. 

P I~ATE H. 1' 10.2. 

Le.af coriaceOlls, rhomboid-elliptical, borders re,r;ulariy und1lIate- 1'epal1d; Ilel'vation 

paI11late-pi1l1latijid, obsczl1'ely craspecll'ome; medial l1en'e S011ZPw/tat thick; b((silal' late1'01 

nerves emerging a little above tlte top of tlte petiole, sparingly b1'Onchill,qj second(('/'ies t/till, 
alie1'llate, distant, lJamllel, Simple. 

A fine leaf, 7 cm. long without t be petiole, which is hroken 1 cm, below t he base 

of t he leaf, 5 cm, broad in t he middle, Its for m is t he same as t hat of P. l'epando-
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PopuJlt.es , AtuILcs., 

C?'enata Heel', in FI. Tert. Helv .. Pl. LXII, f. 6, being only small er and narrower. It 

differs mucb, however, by its coriaceous texture, the secondaries equidistant, straight, 

and ending into the borders: their divergence being only 25°. The nervilles, at right 

angles to the veins, are flexuous, generally sim pIe and percl1rrent. Tbe leaf is also 

comparable to P. gaudini Heel', l. C., PI. LXIV, f. 2. 

Hab. North side oC Big Oottonwood river, near New Ulm, Minnesota. 

Mus. Reg. No. 5376. 

POPULUS BERGGREN! Heel'. 

PLATE B. FIG. 3. 

Hee,', A,·ct. Fl. Ill, p. 106, Pl. XXIX, f. 1-5; Vl. Pa,·t 2, p. 63, Pl. XVII, f. lict; Pl. XVIII, f. 1- 4a, b, 
9a, 10Ct; Pl. XIX, f. la .. Pl. XL, f. 7((; Pl. XLI. f. 1 ; Pl. XL V, f. 1ft . 

Leaves ovate, equally ?lCt1'1'owed upward to a blunt apex and downward 10 the base. 

decul'l'ing into a lonff petiole destroyed in th e leaf; very elltire; lateral l'Ien'es thill, 

camptod rome. 
I n regard to the shape, the leaf is like that of PI. XXIX, f. 5, l. c., baving 

however, tbe secondaries less arched, especially 'imilal', for the cuneate ba 'e and. tbe 

straight nervation, to PI. XVIlI, f. 3, and for the general form and size, to f . .1 , of the 

same plate. This last lms <tl;:;o on one side <L marginal nerve following the hor Ie I' 

upward as high as the nerve above it ctnd pa.mllel toit. The leaf is broken quite Il eal' 

its base, and the petiole destroyed. I consider the id entification ot' this leaf as righ t . 

rt ha;:; a distant relation to P. lVinchelli . 

Mtb. orth side or t he Big Cottonwood river. neal' New Uilll, ;\linnesota. 

llflU;. Reg. Nu. 5383. 

ALNITES CRASSUS, :po /to v. 

PLATE B. l'IG. 4. 

Leaf coriaceotts, thielf, rungh of swface, ronllel-oval. oVlltse, obliquely /l'1tllcate at base. 

s"allowy loutli ed fl'011l be/()w th e Inidclle upl£'((/'d; lIeJ'/la/ iOIl pin/!alr. strollgly marked; 

lateral nel'ves thick. ope". pamllel, allemate. till' 101l'e l' olles 1I1/1C" branched; cra!;pedodl'o'll/P. 

The leaf, which hati the facies of an A/iil/S. i:; 5~ cm. long, 6 em. broad with a 

petiole entire or fnlgmentary(?) 1 cm. long. It is unequi lateral. somewhat inclined 

to one side, witb 6 pairs of secondaries at a ll angle of divergence of 60° cLU'ving 

upward in tmvertiing the lamina, the lowest joining the nerve at a short distance 

<Lbove thE; baRal borders, mnch branching on the under ide; the upper either dicho­

tomous or bmnching near the borders, all enter ing the point ot the teeth wit,b their 

divisions, teeth short at right angles to the borders, separated by sha,llow sin uses 

nervilles distinct and percul'l'ent. 

- ----,----~ .... ,. 
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l Plu.tunus. Ficus. Lalll'lIs. 

The general character of the leaf is that of A . lc~fersteini and A. nostmtum U ng. 

rese mbling some of t he nnmerou forms of the species as figured by Heel', Fl. Tert. 

Hel v.. P l. LXXI. 

Hab. North ide of the Big Cottonwood river, near New (JIm, Minnesota. 

Mus. R eg. No. 5368 . 

PLATANUS P RIM.iEV A ~ Lesqx. 

G1'e/. Fl. p. 69, PI. VII, f. 2 . 

A large leaf, more t han 12 cm. long, to cm. broad in the middle. The base and 

t he borders all around are destroyed. The nervn.tion is that of a Platantts and the 

pecies would be identified with P. primceva Le qx., t. c., if the lateral nerves and the 

nervilles were not comparatively t hinner. The identification WIth P. heel'i Lesqx., 

or another allied species, is rendered impossible by t he destrnction of the lower part 

and of t he borders of the leaf. 

H ab. North side of the Big Cottonwood r i ve r, near New Ul m. Minnesota. 

Ml18. R eg. '0.5155 S. 

Frous AUSTINIANA, sp. nov. 

PLATE A. FIG. o. 

F;,'s! Am"'ClI R eport , Mi,m 8ul'., p . 114. 

{,eaves c01'iaceolls, oblong, truncate 01' cordate at base, enli1'e and lmduiate; neJ'vation 

pinnate, ca1ll ptodl 01l1e; latera l l1eJ'ves at a 17 open angle Qf divergence 60°, ('11 J'ving in a reoles 

at a distance fr0111 I he borders. branrhing above into strong ne1'villes anastomosing at r ight 

angles wilh the secondary neJ'ves 01' their branches. 

Thi ::; heantifnl speeies is represented by two fragmentary leaves, one larger 

(figured), broken at its upper part, recurved at base, t he border being embedded into 

the stone, t hus appearing t runcate, t hough probably eO l'date. 'The second speClimen 

is part of a much small er leaf, showing only one side of the leaf less the point, with 

t he nprvation deeply marked ftnd perfectly distinct. The nel'va.tion is of the same 

character as that of Ficus protogea Ett., Kreide Fl., v. Nieders, p. 16, PI. II, f. 5; a 

specie::; also represented by a mere fragment whose nervation is the only point 

of affin ity observable. 

Hab. North s ic1 eo[ the Cottonwood ril'er, in North Star. Brown Co .. a nd Aust in, Mower Co., Minnesota. 

Mus. R eg. Nos. 3808 and 5163. 

LAURTJS PLUTONIA? Heel'. 

PLATE A. PIG . 6; P LATE B. FIG 0. 

Leaves sub-coriaceous, lanceolate, lIarrowed f rom the lIu;ddle upward to It somewhat 

long, blunt-pointed acumen, downwa1'd to a short petiole, very entire; primary nerve CO'/n-
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Laurus.l 

paratively thicle, strai,qht; secondaries numel'OUS, alternate; slender, at an acute an,qle o! 

divergen ce, parallel, except those of the lowel' pail', more oblique and p'rolon,qed l'eticulate ill 

the intervals. 
One of the leaves (PI. A, f. 6), is 6 cm. long, nearl y 2 cm. broad below the middle, 

with a petiole 6 m m. long; has the characters of the species as described by Heel', l. C., 

from specimens of the M.iddle Cretaceous of Greenla.nd. 

The reticulatir)U of the nervilles is obscure, the lateral veins being t hin, and 

obsolete in the upper part, and thus the leaf appears at first like t hat of a, Salix, but 

traces of the transverse nervilles are seen in the lower lateral veins, as marked upon 

t he figure, quite as well as they would be observed upon the specimens from Atane, 

figured by Heel'. The other leaf, which 1 refer to the same species (Pl. B f. 5), is longer 

and more lineal', without any trace of nerves. It is remarkably simil ar to some of 

the figures of Heel', t. c., especially to f. 2 of PI. X IX, and f. 4 of Pl. XX. and as these 

figures have scarcely any nerves distinctly seen, the absence of secondaries may be 

merely casual. However, the referen ce i::; not conclnsi ve, as noue of the figured 

leaves of Heel' have the upper part represented. Another species also of the Creta­

ceous of Greenland, Myrica longa Heel', Arct. Fl. VI, Part 2, p. 65, PI. XVIlf, f. 9 b ; 

P I. XXIX, f. 15- 17 ; PI. XXTl r, f. 10, hn,s the leaves abo ut of the same form and size 

without any nerves, but these leaves are ratber lineal' than lanceolate. and broaLlly 

obtuse at the apex. Tb e relation is therefore less clearly ma rl<ecl t han \"vit h Lall1'1(s 

plutonia. 

Hob. North s ide of Bi~ Oottonwood rivcr, nrar New Ulm , Minnesota . 

](11$. R eg. No. 51;;7 O. The other is from Mankato . No. ;;666 A. 

LA URUB NEBRASCENSIS Lesqx. 

PLAT E 1\. F IG. 7. 

G,·et. F l. 1). 74, Pl. X. J. I. Pl. XXVllI, J. 14· 

Leaves coriaceolls, eUiptical-oblon,q 0 1' narrowly lall ceolate. obtusely pointed, taperin.r; 

downward to a short, tlt iele petiole; medial 'I1PI'l'e thick, linl! r01lnd; latera l llerves at ({II 

acute an.CJle ~! divergence, ramptodrome. 
The leaf is omewhat longer and narrower than the one l. c., Pl. X. f. I, but it is 

of the same size as that of PI. XXVIII, f. 14. Tt is ea ily identifi ed by tbe very thick 

medial nerve continuous to a short terete petiole. The species is not rare in the 

Oalwta group, both in Nebraska and Kansas. Another specie~ a l ~o freq uently fouud 

in Kansas, :mcl closely all ied is L. proteifolia Lesqx., Cret. and Tert. Fl" Pl. HI, f. 9 

, ---....--~-" 
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and 10. Tbe leave" are broader, shorter and thicker; the medial nerve only half as 

broad; the econda.ries close, numerous and distinct their whole length. 

Hab. Nortb side of Minnesota river, eigbt miles below New Ulm. 

MWl. Reg. No. 3911. 

CINNAMOMUM SOHEUOHZERI~ Heel'. 

Fl. '1'c)'t. Helv. II, p . 85, Pl. XCi , f. 4-£:<; Pl. XCll; PI. XCllI, .f. 1, 5. Lesqx. U,·et., Ft., p. 89, 

PI. XXX, f. 2, 9 . 

Leaves tli ick, coriaceons, lJolished on the tipper sudace, ezz,iptical 01' oblong-lanceolate, 

pointed, narrowed by a curve to a short petiole, entire and slightly lmdLtlate, t1'iple nerved 

from the base or f?'om above il. medial nerve thick, lower lateral nerves ascending along the 

borders h(gller Ihan the base of the lower secondary veins, which they join by anastomosing 

branches. 
The description is that in Cret. Fl., made from better specimens th<1n that which 

refer to it from Minnesota, and which, broken on one side and partly covered on 

the other, is merely ideutifi ed by its nervlttion. As in the specimen from Kansas, 

f. 3, l. c., t he lower lateral nerves join the medi al one close to t he base of t he leaf, 

,,,bile in the European specimens, the point of connection is generally higber, and 

t herefore. as the species is Tertiary for Eu rope, the specific refe rence of all the lea ves 

of t he same character, found in the Dakota, group, is somew hat uncertain . 

B ab. Nortb side of the Big Cottonwood river, near New Ullll, Minnesota. 

Mus . Reg. "0. 5155 T. 

ANDROMEDA PARLATORI Heer. 

Phil!. clu Nebr. , p. 18, PI. 1, .f. ,' . Desqx., C)'el. Fl., p. 88, Pl. XX III,.f. 6-7; Pl. XX VllI, f. 15. 

LeaVfs lanceolale, 1Iw'1'owed 10 Ihe base, decu?'ring to tile ShOTt thick petiole, very enti1'e, 

thickish,- medial ?1erce thick, tl'CUlst'ersely striate, latem{ nenes l'ery thin, close, at an acule 

allgle ~f divergence, camptod?'oll!e,- ({reolation ?·eticulate. 

The species is not rare in North America and Greenland. The leaves a re some­

wha~ coriaceous, lar~er toward the ba e. The specimens are often fragmentary; that 

of MUlDesota represents only the lower half of a leaf with the latera l nerves mostly 

obsolete. 

Hab. Nortb side of tbe Big Cottonwood river, near New DIm, Minnesota. 

jlfu.<. Reg. No. 5157 A. 
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DIOSPYROS PSEUDO-ANCEPS, Sp . 170V. 

PL. B. FIG. u. 

L eaf subco1'iaceo!ls, elliptical-oval, cuneiform to tlte base, hOI'del' very entire, media l 

nerve strongj secondaries i rregulctl' in distance, few, clt1'ving in traversing the lamina j 

nerviZZes ilTeFJulal' in clirection e.1:cept as thin br(1 nches of the secondaries anastomosing 
in festoons alon.CJ the bOl·del's. 

'fhe leaf 4 cm. broad is apparently 7-8 cm. long, the npper part being destroyed. 

Comparing it with Diospyros anceps Heel', FI. Tert . Relv. III. p. 12, PI. CIl, f. 17, it 

is scarcely possible to point out a difference marked enough to be considered ad spe­

cific. The base of t he leaf in the Amer ican specimen is merely slightly less rounded ; 

the lateral nene. are as irregular in distance, those of the lowest pair close by each 

other, follow the borders in continuous series of bows formed by anastomose from 

t il e superior to a marginal inferior veinlet or to the borders; the nervill es are either 

at right angles to the secondaries and obsolete or passing from the medial nerve to 

join the secondaries at a distance, and in irregular or anormal direction. The leaf 

being 'fragmetary and the upper part destroyed, it is not possible to follow the char­

acters in its upper part. 

H ab. North of the Big Cottonwood ri ver, neal' New UlIll, Minnesota . 

Mus. R eg. No. 5372. 

CISBOS BROWNIANA . sp. nov . 

PLA.TE A. FIG. R. 

L eaf oval, an.CJula1'ly wtdltlate, obtuse at apex, the bOl'ders shghtly turned down at 

base, penni nel've j primar!! nerve straight, half cylindrical, seconda'ries half open, sub­

opposite, paj'aZZel, j'igid, the lower pairs branching, the upper simple or branching j all the 

divisions cmspedodrome j nel' viZZcs straight at j'igltt angles to the nerves. 

'l'he leaf is evideutly petioled, the base being inclined downward as slightly 

declllTiug ; but the pedicel is destroyed . Except the petiole, the leaf i ' fully 

preserved, 6 em. long, 4~ broad. 'fhe lateral nerves. 6 pairs, are at an angle of 400, 

the marginal vein is marked on one side only. 

The species is comparable to Cisslts atlantica, 0)' Cissus nirm'odi Ett., Bilin. Fl. III, 

p. 3 and 4. PI. X L, f. 3-]0, two species of the Tertiary, which differ from it by the 

leaves being small er, more distinctly irregularly undulate-dentate, and short pointed. 

The nervation is of the same character. 

H ab. Nortb side of tile Big Cottonwood river, neal' New Uloo , Minnesota, 

Mus. R eg. No. 5156. 

- 2 
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lIelr I'hill, <ill iI'cli" p, .10, PI, 111, / ' j I; 1'1, II ', f. 1, , IA,'q.r.. (.',.1/, FI" p, :I~, / '1, )(1'111 , f, j, 

~Yrt('IJy . ~"'O((.'1!H1 Extil1rt Flnra.'i, p. 't lllw..:(r. IJI. 1', f. ti. 

I b
' ell/'j"I/'(,,/1 /'CI'I{ 1'111 in' /'Ill/Ilf/r'd al bas,. iI/ 1/([l'l'o/l'ill(j 10 tlte petiole ; 

"eavrs S II COl'taCfO/l . , " ' ' 

Z
' I I cl la1'1'010' f('O /lrlal'/1 ll BI'l'eS al all anile allqle 0/ cfilll' l'ql'lICe, (,lIl'1wl 1'll 

lII ec ta Hen!" ( eep all 1 I ' ,/' ." 

I)(/ssillrt 10 the bo/'(lcr~. ca7llptor/I'OIllI', separaled Ii!! !torlcr. thill/II'I' I'eil/,~, 
Th I ,tv!:! ,Lro va.riable in ~ iz ltl1d forlll , g nerally llf\rrOwor, v 11 ;\(' nL Iy 11,U'­

I' IV tl a.t has, but (\,Iso of ton 1'0llnded in 1,11 low I' \';\I'L. 'l'h Y il l' 1101, 1'<\1' In 

th whole xtonL of Lho Ua.koL:L groul, also fO\lnd in 11 1'0 nhtnd, '\'h Y n, I'O n,j ly 

known by 1,11 ir p ulin,r n rV;LtiOll , Lho '(Ie no,Lry norv s hei ng g nentlly SOl <tl'<ttocl 

by thinnor, sh rtol' L rtiary on s, whi ' h, how v 1', a l'o not ,dW,LYS di 'LingLlish­

ahlo. 'I'h le,ty r<Ll'y in ~iz 1'1'0111 8 to \0 t'II1, long, fLnd from 2~ to 5 e111, iJ ro;Ld ill 

Lh middl, The L1il'erg lIcn ot' t.ho lal. ml vein.' t'r 111 tho midrih i" :~r) 4() O, 

[(ul, . NorLh ~icll' ur t,he Rig' 'of 1,0 11 wood riv~'I'. IU'UI' N,'w 1m, i\1 inll t.'soia. 

)1(11,' , /?Pg, No, fi l fir; B, 

J)H:WA LQlIU L'R IM OROA I'[S, sp, nO l!, 

PLA rl' g A . lno. 10. 

Leajlel eoriareous, oblanceolale 01' ,ljrar/ual/y 1IOI'I'0lVed '/rom belou) the apex to the base, 

very elltil'e; border ' illcllned; 11lNliai 'II erce Ihi1l, nearly equal it whole length j lateral 

nerves at lInequal dislall ce, very oblique, camptrodrollle, the lower II/ore or less Cltl 'ved, the 

upper II Pm'l!! slraight, 
Tho genus DelOalqllert was esbbli shed by aport<L and Marion in Marne,' 

iT er i nnes ot' 0 linden, p, i)F, t'ot' plants which the authors rofer to t he Ramm­

clliacea: !lel/rbo)'e(/' with th fo ll owing charn,cters : "Leavl's cOl' iaceous, petiolate, 

peria/r'I!! or palmately divideri ill 3, D, 7 Ie ~flels, either dentate all the borders 0) ' entire, 

pel/IIi 1Iet' l'e, Ihe secondary ner/'es more or less oblique, CIIl'villY i ll areoles Ileal' lit e borders." 

At tirst r -mains o[ , [ cies of this' nllS had been fOtl1ld only in t he uppor part 

o[ tho 'reta('eous, the 8 non ian, He r has 1:ttely described two specie,' from f a,toot 

in Greonland, ;L formation somelVh ~Lt more recent than that of th Dakota grout , 

hut where a llumber of speeies 'O f this format ion are, till found, 

Th e sp rimCIl from ~lill\les()ta ropr , cnts only a len,flet or;\ lobo. but it: char­

arLen; in<lic;Li its connection Lo a pn,IIl1;\toly divided leal'. It has ,L markedrollLtioll 

j () n, yeli IIrle/l sis ~a p, and ~ la\' " I, 1', p, Ii! , 1>1. I X, I'. 3 h, I don t i ty wi t h t h is 'pecie!'! 

could von be ,td mittocl if Lhe l,ttoral nervo::; were nut at ,L slightly mo re acute a ngl o 

o[ dil'ergC' I1('o in tile Al1I eri('an forlll, and a l ~o 1(1 >; curved in pass ing to the horders, 
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Dewalqllea., Snpind s] 

The leaflet is also related, thougl~ in a less degree, to D. greenla11Clica Heel', a species 

found at divers loca.lities and sta.ge of the Cretaceons of Greenl and . 

Hab. Nortb side of the Big Cottonwood ri ver, near New Ulm , Minnesota. 

Mils. R eg. No. 515 . 

JUGLANS DEBEYANA (lIeel') L esqx. 

PLATEB. FrG. 7. 

Populus d.ebeycma Heel' , Phillites au Nebraska, p. 14, Pl. 1, J. 1. N ewb!l . , Ext. Fl., p. 17, I11uSI1' . PI. lV, 
J.8. Juglctns(?) debe:!Jana I.a., Cret. Fl., p. 110, Pl. XXIII, /. 1-.5 . 

L eaves c01'iaceous, entire, ovate, obtuse or with a short obtuse point j 1'0llnded subcordate 

at the base or na1Towed by a curve and slightly dectt1'l'in.fJ to the pet iole j medial nel'l'e I" ick j 

secondrtries nW/1,eI'01ls, OPeII, co mptodl'ollle, genemlly seprlmted by short tertia ries j a realI/­

lion nticuZate. 

Thi s species is not rare in th e red sandstone of l\:a,n sas and Nebraska. Prof. 

Heel', who had seen a single large specimen with the surface :;omewhat effaced, 

referred it with doubt to the genus Populus. The nervation is indeed too different, 

a.nd, as seen from a large number of specimens, some of which are figured, Cret. Fl. 

l. c., the leaves, rarely large, cordate at base and long petiolecl , are more generally 

small or of various sizes, 4 to 12 cm. long. 3t to 7 cm. broad, narrowed to t.he base 

and often inclined on one side like leaflets of compound leaves. For this reason T 

referred them to .luglan . The nervation is peculia,r, the secondaries close, parallel 

at an angle of 50° to 60° are camptodrome abruptly curving and forming <Lrches 

along, but not quite near the horders, separated by ~ho rt tertiaries which, by anas­

tomosing on both sides with secondaries and irregularly div iding in the middle, form 

a quadrangular very distind reticulation more a.nalogous to that of some species 

of Jttglans, like J. l((tifolia Heer, Fl. Tert. ReI v., flI, p. SS, PI. CXXIX, f. 3, 6, 9. 

H ab . North sid e of the Big Cottonwood riv er, noar New lJl m, Minne ' oLa. 

l~I"s . Reg. No. 53n. 

SAPINDUS MORRISONI LeSIj.l·. 

PLATE A. 11' [0 .. 11. 1:2. 

Crill. «nd Tel'l . Fl. , Pl. X VI,/. 1, I. 

L er(f/els subcorirtreous. short petiuled, /altceolate, (lcnmin(lle, ul1equ(I{{!J narrowed ill (I 

clU've to a short petiole and slightly deCttrl'ing to it j lateral nerves alternate, cluse, Jillml!pl, 

CU1'ving in passing to the borders, camptod1·ome. 

The leaves vary in width and are sometimes ovate, as in fig. 12, sometimes, also, 

uearly linear in the mi ldle, as in fig. 11, but alwctys unequal at the base. 
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'1'his species. first found in the Dakota group of Colomdo, has been lately sent 

from Kansas al so. It is not rare in Greenland. 

Hab. North side of Minnesota riyer. eight miles helmv N ew Olm , Minnesota. 

N"". R eg. No!' . ~808. 39)2. 

C AR'I'iEGUS ATAV TN A Hpel' . 

Pl.A T E H. 11' 1 (:. ~ . 

.tl,·ct. Fl., Vol. Vll, p. 4$, P I. L X I V, f. 11. 

Leaves ovate, deeply cut on the borders ,in la?'ge obtu.se teeth i seco?ldal'!J nerves branch-

ing craspedodrome. 

'1'he borders and t he teeth of the leaf are destroyed, but the size, the shape 

of the leaves and the nervation. seem to fu lly authorize the reference to 

Heer's species, The leaf is coriaceous, the basal nerves opposite, attached above 

t he basal border ; the five pairs of ,ecoudaries, at the same angle of divergence 

of 600, are parallel and inequidistaut, and of the same character as seen in t he 

figure of Heel', l. c. 

H c(b. North side of t he Big Cott,onwood river, uear New Olm, Minnesota. 

Mus. R eg. No. 5379. 

PROTOPHYLLUM CREDNERIOIDES ? Lesqx. 

PLA TE n, FIG 9. 

Ore!. and '1'ert. F l., JJ. 90, P I, II, J, 1-3. 

Lea'Ves cOl'iaceotts, usually smail, nearly l'ound, broadly cuneate, ?'ounded or subtnm­

cate at base with a 1011g slendel' petio le, borders entire 01' 11Wl'e ,c;enel'ally undtdate, ne1'vation 

obscurely trifid i secondary nerves equidistant, at va'l'iotts angles of divergence mo?'e OJ' less 

bl·anclting. 

The leaf, which I refer wit h some doubt to this species, is only 4 cm. long and 

3~ broad, with a petiol e 2 cm.long. Its shape is nearly round. It differs essentially 

from the other leaves seen as yet of this species, in its less complex nervation, the 

two lower lateral nerves onl y being branched, and the lateral primaries being alter­

nate. This di fference may be due to the small size of the leaf, which has, notwith­

stand ing, t he essential characters of t he genus, the shftpe, the cra, pedodrome 

nervation, and t he long petiole. 

H ab. Nort b side of t he Big Cottonwood river, near New Ul m, Millnesota. 

Mus. Reg. No. 5380. 
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Protopbyllu m., 

PROTOPHYLLUM I NTEGERRIMUM, sp. nov. 

PLATE B, F IGS . 10. II . 

Leaves membranaceou.s, of mediu.m size. round 01' broadly oval in outline, j'ounded at 

base and apex, nervation palmatijid; c/'aspedodrome; lower la.teml ?lel'ves two pairs, very 

open, nea1'ly at j'igltt angle to the bj'oad midrib, the upper five pain oblique and pamllel, 

all opposite and branching underneath, except the lowest. 

'This fine species has distinctly the characters of the genus, hut is remarkable 

for its very entire borders, nearly smooth surface and the secondaries all opposite. 

This opposition of t he secondaries is mo]'e or less remarked in the leaves of Pl'oto­

phyllwn, as in P. quadmtum and P. mttltinel' ve Lesqx., Gret. F l. , PI. XVIII and XIX. 

But there is generally some ueviation from the rule in the lowest nerves, while in other 

species the opposition of all the nerves is perfect. The angle of divergence of the 

nerves is gradually more acute from the base upward; in these leaves, from the 3 

pairs of secondaries upward, the angle of divergence is the same, 400. 

Hab. Mankato, Minnesota. 

Mus . R eg. No. 5666, 1 0. 

Besides t he specimens de. cribed above, there ,u e, in I' mgments more 0 1' les, ull certa inly determ inable 
the followi ng species worth men tion i ng: 

6060. Mankato: nothing determ inable. 
6061. Sc,lix p"oteijolia Lx. Part of base. A specie very vUI' iablc and Oilimon in ~he Dakoca grolll) 

of Kansa , N ebrasl,a, etc. 
6062. L eglL?ni"ositcs with nel'vat ion totally ob olete; not determinable. 
6063. Diospyl'os? F ragment, of 11 ndeterm i oable leaf: no n rvat ioo d isti nct : a rne as 6068, 'Lnd perhaps 

a 5372 of Big Oottonwood ri vel'. 
6064 . Basilal' pa rt of a lea f of A1'£'Uo l'acNat,,' Lx. , <[ ' fal' as C<1n be seen, the lobes being destroyed. 
6065. Fragment of Ficus? 
6066. Same as 6062. 
6067. Poor fragment; possibly same as 6068. 
6068. D iospyros. Species not determ inable ; nervation ohsoleLc. 
6069. Three spec imens wiLh very sLUlLlI fmgments of dicotyl cdonous leaves; not dete rminable. 

Sl>ECUIENS 1'flO')( MAN1\:A'J'O . 

5666, .lA. Platcmus lJl'imceuCi L x., in fmgmen ts of leaves lil(c those of Kan -a ·. 
5666, IE. Fragment of a small oval, d ntate? leaf, probably a Ficus; not determinable. 
5666, 10. Pl'otophyllum i1l1egel'l'imltm, sp. nov . Oounterpart of 5666. (0) 
5666, 2. Pl'otophyUw" illtegm'l'imlt"' , sp. nov. Figu red . 
5666,3 . Fmgments of rootlets and branches; nothing determinable. 
5666, 4. Fragmen ts nf a sm'111 10af l il(e 5666, lB. 
5666, 5a . Laltnts pl"tollia H eer. Figured. 
5666 5b. P"otophyllwn illt.egel'l'inwm Lx. Fragments figured. 
5666,6. Rootl ets and a dicotyledonous j'ragment; a ll undeterminable. 
5666, 7. p)'otophylll!?n i,"tegel1'imum Lx. -10. Large leaf. 
5666, 8. Pl'otolJhyllwn i1ltegel'l'imwn. Only a small fragment. 
5666, 9. P"otOllhyllnm intege,.,.imltm, base of lea f. 
5666, ]0, lJ. Small undeterm inable fragm ents. 

7 
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rLlst o r ( ' ,'(' !H.ceO Il ,!-: p lan! sl,1I0W lll UO('l'I II' In l\Iill II (!SOj, il . 
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CRAPI'ER II 

THE MIOROSOOPIOAL FAUNA 
OF THE 

CRETACEOUS IN MINNESOTA, WITH A D DITIONS 

FROM NE BRASKA AND ILLINOIS 

(FORAMINIFER A, RADIOLARIA, COCCOLITHS, RHABDOLITHS). 

BY ANTHONY IVOODWAR D A ND BENJ AMlN IV . T H OMAS. 

T. . METHODS OF MfCIWSCOPIU PREPARATION. 

'rhe microscope of a few years ago, if 00mpared with t hat now lU use, wa 

of but little practical valu e, and was regarded more as an a m using toy than as an 

instrument of absolu te necessity iu scient ifi c iuvestigation. The geologist and t he 

botanist were apparently satisfi ed wit h t heir pocket lenses. and the physician had 

but littl e use for even these. Ca.reful st ude nts, however, were getting occasional 

glimpses of fi elds just beyond t heir power of sa.tisfactory resolution. These a some­

what more powerful eom bin a.tion of lenses would, to some extent, resol ve, but would 

at the same time show t hat there were m uch larger and more interesting ones yet 

beyond their reach. Scientists and physicians at once call ed for objectives of higher 

powers, and for improved apgliances, and manufacturing opticians of Europe and 

America have promptly and satisfacto ril y respontled to the demand . Excellent 

instruments can now be secured at prices wit hin the reach of every student. 

Geologists have long been fa milia r with fossil remains of pre-historic life, so 

abundant in most of the geological formations, but it is of comparatively recent date 

t hat improved mi croscopes have shown t hem that of these vast deposits there is 

hardly a cubic inch that tl oes not contain t he wreckage of an earlier world that 

teemed with ani mal and vegetable life, a nd from which can now be studied its 

history, climate, etc. These revelations are not infrequently of great commercial 
(23) 
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value as well as of scientific interest. One of which. while not quite germane to the 

subject under con ideration, we will mention as an illustration. When the "lake 

tunnel", which supplies the city of Chicago with W::Lter froID lake Michigan, was in 

process of construction, in 1865-1 67, large numbers of minute and nearly tntns­

lucent amber-colored disc,;, ri to ~h of an inch in di::Lmeter were discovered by two 

member::; of the Chicago Academy of Scieuce , in the clay through which it was 

being driven, at a depth of about 36 feet below the surface. These discs were 

unknown to paleontologists, to seveml of whom they were submitted. Careful and 

repeated examina.tions -howed that the whole mass of the boulder clay underlying 

the vicinity of Chicago was loaded with these discs, and also tha.t the many frag­

ments of sha.le and hale bonlders in the cby were largely composed of them. This 

la t discovery rendered it more than probable that the discs in the clay were derived 

from the ~hale, large formations of which must ftt some period of the world' history 

have been broken up and scattered through it-C) The shale when lighted by a lamp 

or candle burned freely with a moky flame ::Lnd strong petroleum odor. Our next 

light was from a paper by Sir William Daw on, published in the American Journal 

of Science in 1 71. in which be tated that imilar "microscopic orbicular bodies" 

had been referred to by Sir W. E. Logan, in a report in 1863, as occurring in tbe 

"U pper Erian ;;hale" at Kettle point, lake Huron, and to which be (Sir William) 

gave the name Sporangites hurollellsise). the two principal species of which are 

now known a~ Protosalvinia ltltrollensis Dawson, and P. chicagoensis Thomas. Prof. 

Edward Orton, state geologist of Ohio, in a report on" Petroleum and Natural Gas"(~, 

after referriug to the great fishes. &c., a described by Newberry, and other fossils 

of the oil aud ga' producing shales of Ohio, 'ays: "But the form already named 

are of small account so far as quantity is concerned when compared with certain 

micro 'copic fo sil ' , that are of little doubt of vegetable origin, and which are accu­

m ulated in large allJount throughout the black beds ofthe entire sbale formation, and 

apparently give origin to an important extent to the bitnminous character of the 

bed. * .. * They were first di::;covered by B. W. Thomas, a Chicago microscopist, in 

the water supply cby and ~bale at Chicago".(') * * * "The thicknes of tbe s~ries of 

shale now under consideration is, in Crawford couuty, about 450 feet, in Loraine 

county about 930 feet, at Cleveland 1,350; while in Tuscarawas county the drill 

reached 1, 60 feet, and in the Ohio valley at Wellsville, 2,600 feet in shale without 

reaching bottom." On pages 413 and 414 of the S::Lme work, under heading of "Uhio 

Shale as a Source of Oil and Gas", Prof. Orton says that "they contain much more oil 

(I) Dulletln. Chlcugo Academy or Sciences. NO. 4. 
t2 Bulletin. Chicago Academy ot SCiences, No. O. 
(3) GeologICIl.} Surveyor Oula. VoL 6, 1 8. 

(4) As staLed above. they were firs!" dlscovel'od by Sir \Y. E, Logau, but be gave them 110 tUl'tll(}J' notIce. 



Preparation ot olay. ' 
ORET ACEOUS FLORA 25 

than any other strata. with which they are associated, the great sandstone reservoirs 

not excepted ; and careful e. timates based on chemical investigations Hhow that if 

the shale serie is counted at the low average of 1,000 feet in thickness for it· entire 

area (it is over 400 miles long and ]0 to 30 miles wide), it would yield over ten 

million [10,000,000] barrels of oil f the square mile." While this oi l must largely 

be separated from the shale by distillation, which is now being done at the rate of 

some 20 gallons to the tOll , these estimates are truly bewi Idering. 

Most of the material used in these investigation was sent to us by Prof. N. H. 

Winchell, state geologist of Minnesota, and was of almost every kind and variety 

that a geologist would nfLturall y collect for microscopical study, and they required 

almost as many different methods of treatment to free from them their microscopical 

organisms 'in proper condition for examination under the lens, as there were samples 

of material. While we cannot, of course, give all of the various experiments 

necessary to ascertain the chemical character of the material and of its org<LTIic con­

tents, before deciding whether its reduction, '0 as to preserve its fossils in their be t 

condition for examination, would require t he use of rain water, nitric or other acids, 

soda, caustic potash, &c., we will give a few general directions that may be of ome 

assistance to beginners. 
One of the first essentials is that all gla8sware, pipettes, &c., designed for thi s 

use be absolutely clean, an.d that only river or rain water, recently filtered , be used: 

otherwise Y0L1 will probably find on your slides many beautifu I orga.nisms that do not 

belong to th e substance under examination. 

Clay. In preparing most of t he samples of clay, we would put about one ounce 

of the material, and the same amount of common washing soda, into a druggist's 

two-quart clear-g la.s.'· packing-bottle, not over i fi lled with water, and let it remain 

12 to 24 hours, frequently shaking the bottle so as to thoroughly break up the clay. 

N ow fill the b(lttle with water, and after 25 minutes carefully pour off the upper 1 of 

it. Again fill with water, and in 25 miuutes decant as before; repeating this at. 25 

minute intervals until the upper !l of the I·vater in the bottle, after a 25 miuute rest , 

will be nearly clear. A large amount of the line and, clay and the soda, ha~ by this 

proces~ been wa.shed away, and the action of the soda has broken up the clay and 

removed most of the adhering material from the fossils. Now mount a. few micro­

scope slides from the residuary sand, etc., at the Lottom of the bottle, by taking up 

with a pipette (a piece of sma.ll glass tubing makes the best pipette) a ,:;mall amount 

of the material ; scatter very thinly over the middle of the slides; dry them thor­

oughly over an alcohol lamp, or in some better way, and, while hot, cover the dry 

material with a few drops of Canada balsam, keeping the slide quite warm until the 

1 
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balsam will be hard wben cold. As these "trial slides" are seldom of any value, 

it i not uece sary to u e covel' glasses if the balsam i.' hardened, as above directed. A 

careful examination of these slides un leI' the microscope with a good i or t inch 

objecti \re will decide as to the value of the m<l.terial under observation, and if it 

proves to be only and. pOUl' it all ont, IVa h e bottle, a.nd again try the same 

proce's witb anotber ample of clay. Bnt if the !ide' show a few good fossils, the 

next tep is to eparate them a much as po. ible from the mass of !:<and, etc., with 

which they are as ociated . Tn this as in the fir t washing, specific gravity will do 

mo t of the work. Pou r off mo t of tbe water and put the shell s, sand, etc., into a 

4 oz. beaker (01' glass tnmbler), wa. h out the bottle, fill the beaker about 1 full of 

water, a.nd after it ha~ 1'e ted ten minute, pour ·~ off t he top through ~L glass funnel 

into t,he bottle, repeating thi' 5 or 6 times. As in the first wasbing, mount and 

examine a few slides from the material at the bottom of the bottle, monnting and 

pre:>ervmg slide. if found to be of value. If nothing of value is found, pour out the 

content of the bottle. ,wd fill np again as before from the beaker, after fi ve minutes 

rest repeating the e washings and examillations at horter resting intervals of say 

tbree, two. and one minute, or less, until nothing but the coarsest sancl remains in 

the beaker. In that there may be a few good pecimens of Polycystil!a. Each layer 

of the clay. a deposited by it speci fi c gravity, has now been examined, and most of 

the fossil ' are contained in some olle or possibly two of tl1em. Nineteen-twentieths 

of the original sample of clay have been washed <tway. and in the selected one-twen­

tieth that remains there may he one f<tir fo il to Olle hundred grains of ,'and. 

8hale. The fos il contents of mo t of the softer shCl.le8 can be secured by breaking 

up the . pecimen with a pail' of trong pliers, crush ing the sbale while uncler water 

aud edgewise of it~ lamina:. Tbis will free ma.ny of the fossils witbout breaking 

them: then boil the firmer pa,rt. of it for a few minutes (01' longer if the material 

requires) in a. rather strotlg solution of wa,'hing soda, a.nd wash and separate the 

fossils from the fine ~hal e, sa.nd. etc., hy repeated decantations, as directed in the 

treatment o( clay. 

ChalA·. Fontlllinifera, (joccoliths, rhabdolith~, with ,Lll occCl.sional mdio lal' ian 

(Polycystill({), of' wbicb the .< fanner'· chalk ", or soft limestone, is large ly composed, 

can be free9 from the rock by washing off the ,'urface of a clean piece of it with Cl. 

rather . titf brush while nnder the ,'urface of the water in Cl. bowl 01' basin. The 

water will soon become a white a milk. The specific gravity of the Foraminifera 

and Radiolaria will promptly carry them to the bottom, and they cal1 partly be sep­

arated from the sand, etc., by repeated washings, decantations, etc., as direcled in 

the treatment of' clay; but unless gre,Lt C[Lre be taken in this washing, the coccoliths 
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and rhabdolit hs, which largely give to t he water its milky appearance, will be 10. t . 

They are very fi ne and ve ry light, and some of them will remain suspended in a 4 oz. 

beaker of water for several hours. They can be sepa rated from the other material 

by repeated washings and decantations, so as to make almost pure mountings, bu t 

tbe resting time between decant ings m ust be from one-b:\lf t o three-quarters of a n 

bour. 

II. FORAM INIFERA . 

This paper is t he result of tbe preparation and microscopical examinations of 

several hundreds of slides of mater ial from the boulder cla,ys, ha rd lLn d soft Creta­

ceons shales, rotten or chalky limestone, etc., from I'ari ous parts of Minnesota, many 

. a mple;; of whicb were coll e ted, a,s already stated, hy Prof. N. H. Winchell, state 

geologist of Miunesota; from boulder clay and fragments of shale. ki ndly ent by 

Prof. G. D. Swezey, Doau Uo ll ege, Nebras ka, <LI1d from ou r own collectiou ' in lllin ois 

and Wiscousin. Mucb of the materia,] exa,mined abo unded in fossil rem:1ins of 

Foraminifera, ra.d iolarians, coccoli t hs, rhabdoliths, fresh-water Diatomacea3, . po nge 

spicules, and other microscopical orgauisms; but by fa,r the most numerous and 

interesting were the calcareo lls cast.' 01' shells of Foraminife ra, a minute marine 

animal of the sub-kingdom Protozoa, class H,hizopoda . 

These fossils in t he clays are evidently derived from t be Cretaceous formations 

whi ch have been broken up and t heir conte nts scatte red through th e boulde r clays 

presumably in t he direct ion ot the glacin,l currents. [n mauy localities in Il1innesota 

and Nebraska, and on t he upper Missouri and Niobra,ra. ri vers, t he Cretaceou ' for m­

ations are yet in pla.ce, and some of the chalk rocks n, re ,LIm o. t wholly compo 'ed of 

these organisms . The " Eolian san d" of the Smoky Hi 1I 1'i ve l', nea,r Lindsborg, ]Ca n 'as 

where the ri ver has cut its 'fay through the Cret<weous rocks, is very r ich in 11l ,Ll1 Y 

species of well p reser ved Foram inifera, and it i~ proba,bly t he presence of va t U ll m bel'S 

of these minute marin e shell s ill t he sand t ha,t give' to it i ts [ ecnliar quali ty. The 

same genera and species of Foramini fera. that '.onstit nte so cOl1"ider fLble a pa rt of 

some of t llese Cretaceous rocks, and that cLre .'0 abund ant ill some of t he bould er 

clays, a re now living in vast nnmbers in t ll e Atlantic, l\1.editerra lJ e<Ln and other 

oceanic waters. 'rbey con titute an import,Lnt ingredi ent of t he " chalk cliffs" of 

E ngland and t he building stone of th e city of PfLris, France. is largely co mposed of 

t hem. 'rhe" Nummuli tes " , 01' '' Coiu-ston es" ot' whi c'l t he pyramid.' of Egy pt a re 

built are principall y Foramini fera. 
Fairly well preserved casts or shells of Foraminifera were more or less abundant 

in most of t he speci mens from Minnesota and Nebraska, and a few good forms of 

l I 
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Foraminifera and Radiolaria were secured from Illinois boulder clay. Much time 

and labor were given to t.be examination of material that did not add to the interest 

or val ue of our collection. 
Samples of inter-glacial peat, from Blue Earth county, Minnesota, were well 

filled with more than 100 specie' of fresh water Diatomacere, bnt did not yield 

Foraminifera, while the boulder c la.y both above and below the layer of peat 

afforded good specimens of them. 

Of Foraminifera we have noted the following genera and number of species in the 

material ubmitted to us for examination: Tl'ochammil1(f , 1 sp.; Textnla1"ia, 4 sp.; 

8piroplecta. 1 sp.; Gaudryi1lC/. 1 sp.; Ve1'nelbili1!((, 1 sp.; Bulimina, 2 sp.; PleU1'osto­

mella, 1 sp.: Bolivina. 1 sp. ; Lagena, 3 p.; Polym01'phina, 1 sp.; Nodosa1'ia , 1 sp.; 

Uvigerina. 2 sp. ; Globigeril1(1, 4 sp.; Orbulina, 1 sp.: Anomali·/'I((, 1 sp; Pulvinulina, 

2 sp.: Operculin(l, 2 sp.: Nonionia, 1 sp. Total , 18 genera and 30 species, most of 

w'hich are figured , and the original descriptions are given as nearly as possible. 

ub-Kingdom PROTOZOA. 

Class RHIZOPODA. 

FORAMINIFERA. 
LITUOLlDJE. 

::l ub-Family TROCHAMM1NJE. 

TROCHAMMINA. Parker a.nd Jones. 

' L'ROCHAMMINA INFLATA Jlfollt((gu, sp. 
PLA·.rE D. FIG. :11. 

N(L!I/ilu~ ;IIfia/IM ~lON 'I'AUU, 180. '1' t. Brit. , Suppl. , p. I, pI. Xl'iii, tlg . :1. 
B otalin" injlata WILL[A)[ 'ON, 1858. R ec. For. Gt. Brit .. p. 50, pI. iv, figs. 93, 94. 
Botalin" (TI'Qcliammina) i".t1a/aPARKErt and JO)lIlS, J 59 .Ano. anel Mag . Nat. llisL. ser. a, vol. iI' , 

p. 347. Figure. F. 
1'l'OcJ"""mi,,,, iTl./lfL/u CA l< l'ENTER, 1862 . Int,rod. I<'omm .. p. HI , pl. xi, lig . 5. 
Tl'Ocli(!mrn~"a squ«llW/a ' ·a r. in.1/a/a PAHKEll anel JONES. 1862. Intro'!. Foram ., Appendix , p. ~IO. 
TrOcJtamlllWa ",.{l,a(l BRADY. 1865. Nat,. rri s~. '.r rans, Northc!. and Durham, vol. i, p. 95. 
Troc'l(1mlll~1l(' ~"Jlat(l(.') T ATE and BLAKI!:, 1876. YOI'I, hire Lias, p. 452 p!. xv ii , Ug. 18. 
TrocJ""''',,,,'(I "'.tIltl" BRAD, 188! . R e port on Foram., H . ~L S. ChallengeI', Zoo!., \'01. ix , p. 338, 

pI. xl i, fig. 4. 

c. '1'e·t free: t rochoid ot' convex, depres ed. rotaliform ; consisting of about three 

convolutious, the outermo. t of which is formed of five or six very ventricose seg­

ments with deeply excavated septal line. Inferior face ;Jomewhat concave, with 

sunken umbilicus: peripheral margin lobulated. Aperture small , arched: situate on 

the inferior side of t he fin~1 segment, close to the previous convolution, a little 

within the periphery. Color pale brown, the small primary segments much darker 

than the rest . Diametel' h inch (0.7 mm)," BRADY, loco cit. 
Locality. Nort h ast Mino.(?). ,outh Chicago, Ill . 
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TEXTULARIDJE. 
Sub-Family TEXTULARIN-LE. 

TEXTULARIA, Defrance . 

TEXTULARIA GLOBULOSA E h enbel:q. 
i'L /\ T F. C. L'lOS. 1-6. 

Textulw'ia globulosc, EHRENBE lla. Abh a nd . Akad . Ber lin. (18~8) 1839, pI. i\'. 
Textu/a?'lct globulosa Id ., I bid. , (1841) pp. 291, 138. 

Textu /cw iQ, globulosc, H ITCHCOCK, ] 840. '-Cra ns. Asso. Geol. a nd Nal., 1840-1 42, p. 85. , pI. n, fi gs . 
1. , 3, 4, 5, 1. 

~'ext '<lW'ia americana BATLr>Y, 1841. ArneI'. ,Tour Sc i., 1'01. xl i, p. ~01 , fig . 1, 3. 
;,extltlcww globulosa MEEK, 1864. Smi t hsoni a n Tnst. Oheck L ist. OrctltceoUS a nel .Jurass ic Fossils, p . I . 
Textulanc, amencana Id., Ib id ., p. 1. 
'l 'extltla"ia missow'iensis l eI. , I bid ., p . I. 
Textulw'ia globulosa DAWSON, 1814. Oan. Nat., 1'01. vii , p. 253 , fig. a. 
'l'extulw'ic,globulosa SCITARD]" 188i·. Etudes Geol. SUI' . Ie P ays-D·Enba ut. Bull. Soc. Vaud. , vo l. 

xx, p. 7i. 
'l'extula" ia glob,,zosct BALK WILL and WRWTTT, 1 85. T rans . Roy . [rish Ac:te1. , p. 323. 
'l extlt/""ia globu/osa WOODWARD and TUO:II A , 1885. Tb il·teent h Annu a l R epo l·t, G oJ. Nat . Hi st. 

Su rv . Minn. , p . 166, pI. ii i, fi gs, 1-5 . 

" T. globulosrt, t est nl a microscopica snperficie hev i, in adu lta long iore qua m lata" 

articuli s globosis." EHRENBERG. (18313, Abband. Akad. Berl in, p. 135.) 

T. globulosa, microcsopic test with a smooth surface. adnlt for111 s longer than 

wide, with spherical or globular chambers. 
Locctlity. Meeker county, L it tl e F or k r iver, M in n. Sa linc cou nty, Neb. Sout h Oh icago, I lls. 

Textula?'ia globulosa is very abundant in the Minnesota clay and chalky lime­

stone, and common in Nebra~ka, t he specimens from that materia l being very fine. 

In the south Chicago material t hey are quite common and well preserved. 

Dr. G. M. Dawson, in his paper on the Foraminifera of the Cretaceous rocks of 

Manitoba, gives t he following description of T. .qlobltlosa. ,' ., A stout form with glo­

bose chambers rapidly increasing in size at each add ition. and somet imes even a ' 

broad as long. The primordial chamber, and those ne.xt to it, are often bent away 

several degrees from the axis of symmetry of the larger part of the shell. The ' ur­

faces of t he chamber' are marked with extremely minute diagonal in terrupted 

ridges or wrinkles."t This deflcription is far . uperior to tha t of Ehrenberg. The 

species has also been fo und in Dakota. and in t he" Eolian and " from the Smoky 

Hill ri vel', neal' Lindsborg, KansH. ·. 

Textu,la?'ia ({mericana E hrenberg. This species form s a very large part of the 

mass of the chalk rocks of the npper Missouri and Niobrara ri vel',' . It is found in a 

light crectm colored Cretaceous marl on the upper Missis 'ippi, call ed there" pr:tirie 

chalk "; has been examined by P roE. Bailey, and fi gured, but not described, in the 

Amer . .Jou?'?? Sci .. xli. lJ. 4m, 1841.* 

"'A,mer. Jour. Set. 18.1 / . 
+Canadian. NaturaUat. 1)N.. 18i.J . 

( 

; , 
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T EXTULAR IA AGGLUTINANS d'Orbigny, 

pr...lATE e. 11'16S. 7. ~. 

n.,./tlllltill UYfllulillf",sU'ORBIONY. IS:l!l. Fomm. Cllha, p. IH, pI. i, Ilgs. 17 , 18, 32-3~ . .. 
1'(J'Ii/"ri(l II<lylllli"""" , EOUENZ.' , I~U2. Atti (].'II' Accad. Gioenia, 1'01 xI'iii, sel·.2, p. 112. p i, II , ng .4. 
l'{fc""iu", ,<llIri K,IRRlm,lSIH. Sitzung,;h . <I. I,. Alt. Wis •. Wien, vol. I, p . ,o~, p1. i, IIg. I. 
Talul",.i" uyy{ulilHtIl" PARKER and JONES, 186,;. Phil. Tnlns., vol. rh', p. 369, pI. XI' , fig. 21. 
Pit CC'" il/'" "yylulino"., REt'S', I 69. :-;itzungsh. rI. k. Ak. Wis. \ri ell, yo1. lix, p, ~52, p1. i, figs. I. 2. 
'l exlul")'i,, (lgg/lI/illC"'" ~["EBn'$, 1'80. ~'oram. 1'011 ~IanriLius, p. 93, pI. ix, figs . 1-8 . 
'['xlul,,";« Clyylu/i'Hll1,< BIt,I DY, I . RelJorL Fora Ill. II.]I[. S. Challengc r. Zool., vol. ix, I)· 363, pI. 

xliii, Ugs. 1 :1, val's. fig:'. 4, 12. 
TcJ'llIlcuiclfIyyluli"<lII.< W OOD\\, .1 ltD and THOlIA" 1<85. 'rilirlccnlh Annnal Report, Geo1. Nat, I-list. Su r. 

Minll., p. 1117,1'1. iii, ng;. Ii. 7. 

" T. (Igg//I/iJlIIII.~. Testa, elougltto-conica, 1'11 goso-agglutiuate, alba, laterali tel' con­

vexiu~c ula ; l'o~tice cnn ata: loculi , larg is, ultimi ' CODvexis: ape rt ura 'em i-l uuari ." 

D 'ORBIGI"Y. (Foram. Cuba, p. 1M). 
Test eiollgate, con ic"l, rugo 'e. agglutinolls (from grains of 'aDd), wb ite, late rall y 

couvex, posteriurl~' f'lllleate, segment, large, the last convex, aperture semi-1nnate, 
Localily. Ml'ckrr county and Lillie FOI'k I'il'.'r, near Hain.y lake, nortiJea · tern Minn.; South Chicago, 

Ill. 'rhis spl'ti." is not COIumon ill cilh"I' locality. ] t I"l'< also heen found in thc Eocp.nc -hell sand at 

J ackson alld Heel llIulT, ~lh<i,<iJlPi. 

TEXTULARIA TURR lS rl'Orbigny. 

PLATE t' [i'lG~. 9, 10. 

Tt"'lld,I/'i« /"'Ti" d'OllllIONY, I~O. Mem. OC. G!'IlI. France, 1'01. iv, p. 4ti, pI. iv , figs, 27, 2. 
Tulll{ul'iu Iw'(';" PAl!1(KIl and JOXER, 1 61. Ann. a nd Mag. Nat, Hi t., ser. 3, vol. x i, p . 97 . 
7\,,./II/c,,.i,, I"tti,< Hil ID\, 18.Q4. Report 011 Fnralll., II. M., . Challengel', Zool., \'01. ix, p. 366, p I. xl iv, 

figs. 4,5. 
7tx/,,/(/";u 1,/)'/·;" WOl<IlIl'AilD and 'rnO)!A', 1~~5. Thirteenth Annual R eport, Gcol. Nat. EI ist. SU I'I' . 

)finn. , pp.167, l U , pI. iii, Ilg. 8. 

"Te;rtullll'ill tlll'ris is round in tran yerse section , elongate and tapering. It 

eliller from Te,l'iu/lIl'ill /l'orhlls chiefly iu its greater proportiouate length a nd it, 

rougher exterior, as well as in its frel[Ueut irregularity of coutou r." BRADY, loc, cit. 
LQI,,,liI!l. Mt'pker tllnnty, )[jIlI1. ; Saline count)', Neb.: Sonth Chicago, Ill. Yery rare ID all these 

localit ip'. 

'I'EXTULAR IA CARINATA d'Orbigny. 

T'T,A1'E C, Fll'. II. 

~~" 'llll(ui:' c'u"i~lIlI(( cl'OnHI(INY, 182(;. Ann. Sf'i. Nat, \'01. \,ji, p. 263, No. 23. 
;/;tful(lI'~(L ,'onl/ut:/ Id., IS·IIl. F'oralll. li'oss. ril'll., p. 2.J7, p1. xi", ligs. 32-3-1. 
1tJ:llllurHt 111(,("" I, ELI"", 1 '1. ZeihciJl'. d. dcnhcll. t~l'ol. Gesell., 1'01 i ii V 84 I I" n, 'J- ' 
1i:.J:/ulm'j" tlltl "Wlt,{ 1(1.. Ihid .. p. S-J

1 
pI. Yi, fIg-. 54. . , . I p. I, g. 5 ... , D3. 

1Lrlil"d" ('orill"/" and 1L.clilal'ill Cttriul!((1 ,'rtr , attenuata REU-S 18-0 c"t . ,. • .. S. , '. ,01 z un~sb . d. k . Ak. W Jss. 
\\ len .. '.~)1. lXI!, p . .Jll9, Nil. 1. Schl icht. 1 70. I"o ram. P ie tzpuhl 
p1. XXXII!, IIg •. 1 ..j 9. . ., 

?~:XIUCli'i~t ('''ri~t(tI" H,\NTKE:\, 18i5. ~litth . Jahrh.'el.' Ie ung-. geo1. AllsL. \' I 'y ," 
1,;r/III"nn"I/ "Il'rllfll\HADY, 18.'4. ReporLolIFOI'am J1 ,[ i'i CI 11 .' ,0 . 1 , p.66, p . 'J1,fig. 8. 

flgs. 15, IU. .., . ,. Ja eng-el, Zool., 1'01. IX , p. 360, pI. xl ii , 

" 'l'esUl (,l1neii'orll1i, lingulat;}, cODvexinscnH I)llu"t"t·, t " d 'l ' 
• . " , '. • ' , u " d, an ICe I atata, t l'L1ucata., 

POstl e ohtusp UCn11111lata, latera.hter cariuatii., acuta la 11 ,' . I I' . ,. . ' me osa, ocu IS angu~tatls 
obhqms, arcuatl ~, mUl'ginatis." ' 
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Splroplecta.. GU li drylll:!. 1 
CRETACEOUS FLORA. 31 

Shell cuneiform, lingulate, convex, punctate, anteriorly dilate, t runcate, pos­

teriorly ob tuse acnminate, late rally carinate, acute, lamellose, foram ina narrow, 
oblique, a rCLl ate, marginate. 

L ocality. Sali ne cou nty, N ebraska. 

SPfROPLECTA, Ehrenherg. 

SPIROPJ>ECTA A ERTCANA Ehrenberg. 

PT>ATE '. i>IGS. 12, 13. Il . 

Sp~"oplectn cmte"icww E rmEN., 18.).1 . iVI ikrogeolg ie, pI. xxxii, T, f1gs. 13, 14; II , fig 25. 
Sp,,"oplecta ctm· l'i",mn BRADY, 1884. l 'teport on F omm. R . 0[ . S . Challenger, Zool. , vol. ix , I). 376, pI. 

xl ", fig. 2{ a, il. 
Slli"oplecta CtllleriCct?lCt V,OODWAHD ancl Trro~rAs , 1885. 'l' h i rLeenth A nnual Report, Geol. Nat. Hi t. 

Su r vey M inn. , p. 168, pI. iii , fig. 9. 

,. The test is Llsually much co mpressed, and widens rapid ly towards t he distal 

end ; the lateral edges a,re thin and slightly lobulated, t ile chambers omewhat 

inflated, and t he septal li nes correspolL dingly lepressecl on the exterior : the walls 

a re t hin and smootb." BI~ADY, loco cit. 

L occtlity. Meel(er county, Min n.; Saline county, Neil.; South Chi cago, Ill. Tb i pec ies docs noL 
seem to be very widell' dist ri buted: only two specim ens round, one in Minoesota, an(l the otber in 
N eb!'aslm . T he specimens flg-ured by Eb renl;>erg were from t be Cretaceous bed' oC Misso ll r i ancl Mis­
siss ipp i .* W e bel ieve t hat i n t he to sil state i t hasooly heen i'ouncl i n North Ameri ca. 

GAUDRYINA, d'O rbigny. 

G A UDR YI N A PUPOIIlES el' Orbigny. 

P I ... NrE c. PlOS. 15, IlL 

Gaucll'yinCl lJltPoicles d'ORl.HGNl.', 1840. Mem. Soc. Geol. France, vol. iv, p. 44, pI. i v, figs. 22- 24 
Gaud"yi?lCllJltPoidcs I e1., 1846. Foram . F os . V ien., p. 19. , pI. xx i, figs. 34- 36. 
Gct"cl" yinct s!tbglctbm Gii~mEL, 1868. Abh. d. 1(. bayer. Akad. Wis ., Il , el., vol. x, p. 602, pI. i, fi g. 4. 
Gct"cl1'yinctpnpoides BHADY, 1884. Repor t on F omru. II. M . S. Challenger, /'001. , vol ix , p. 3, , pI. 

xlv i , fig. J- 4. 
Gcwckyinct 1)ulloicles WOODW AnD ancl T nO)lAs, 1885. Thi r teenth Annual Repor L, Goal. N aL. If i, L. 

Su r \, . M inn ., p. J68, pI. i i i , Ilg. 10. 

" Gllael1'yina pttpoides is an easily recognized species. Its di morphous mode of 

growth is generally very apparent, ,tnd its vari ab il i ty is limited to uch feat ures as 

the number of segments, t he relative length and b read th of' t he test, and t he degree 

of lateral compressiou. 1n recent shells t he wall s a re th in and calcareous, .'l11ooth 

externally, and almost invariably of a grey isb hue; fossil specimens ~olDetime 
exhibit a slightly rough exteri or. In fo r lU and pos ition t he aperture resembles t hat 

of the typical Textll l(f)'i(I!, but it is often snrrounded by a ra.ised lip or ho rder ." 

BRADY, loco cit. 
Locctlity. Meeker cuu nty ancl L ittle Fork ri ver, nea l' gainy la.lw, Minnesota, and Sal ine county , 

Neb!'aska. M oderately abund ant i n t hese local i ties . 

"B I':\cly. Repol't, 011 th e lj'ol':Llllinirel'tl. H . M. S. Ohall cll gC z', p. a1(j, 
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VER,N EUILIN A, d'Ol'bigny. 

VERNEULTNA PYGM..EA Eg,qel', sp. 
P LA 'l.'E O. l'IOS. 17. lB. 

B,,/imino pygmrr" EGGEIl. 1857. Neues Jahrb. filr Min" p. 284, pI. xii, figs . 10, II. . 
Ycrneui/inu'pygnucu P.IRKER and JONES, 1~63. Ann . and Mag. Nat. JIist., .. ser. 3, Yol, Xl, pp._92, 98 ." 
Texlilarirt trisCl'ialu TEIIQUE~[, 1 82. Mem. oe. G 01. France, ser. 3, Yol. 11, ~Icm. TII, p. 14o, pI. x . 

fig. 10. . 88- I 
Yel'llcui/ina pygmwfI RH.lDY. 1884. Report on Foram. H. M. S. Ohallenger, Zoo1., 1'01. IX. p., 0, p, 

xl\'ii, figs. 4-7. 

V. pygl/1(l'a, ,l testa minima globulo a hcvig<Lta. antice c1ilatata; anfJ'actib us 3 : 

loclliis globo is. Longltndo } mi1Jim." EGGER. (1857. Neues Jahrb, WI' Min .. p. 28 t ) 

Vel'lleuilina pyg111rl'a. shell very small, globose., mooth. dilated in f ront, with three 

whorl ~. chambers globose. Length * mm. 
Locality. Quite rare in the boulder clay a~ ouLb Chicago and aline cOllnty. NeiJraska. (Oom · 

mon in the Europeall Tertinry.) We hal'e noL noted it in Minncsot,a material. 

Sub-Family BULIMI lEo 

BULIMINA. 

BULIMINA AFFINI d'Ol'bigny. 
PLA'l.'E 0, FIG. 19. 

/Ju/inllna ".Dini. d'ORBIGNT, I :19. Foram . Ouba, p. 105, pI. ii, figs . 25,26. 
Bulimina oUIII11111 REuss, 1850, IIaidinger's Naturll'. Abhandl., vol. iI', p. 38, pI. iv, fig . 9. 
BI/limino Cl.t1illis BIlADY, 1884. Report on Foram. H. M. S. Challenger, Zool., \'01, ix, p. 400, p, I, fig . 14. 

B. aiJini. .' Test~l, oblongo-ovata, lawigata. alba. postice subacuminata : spira 

bre,i, anfractibus quatuor subplanis: loculi, cf)O\'exiuscuJis per qU:1mque spiram 

trini. Apertura yirgulari. Dimen ioue, . Longueur totale t mill." D'ORBIGNY. 

(Foraminifera of Cuha. 1839, p 105, pI. II, figs. 25, 26.) 

B. a.tfillis. Shell oblong· ovate. smooth, white, posteriorly nbacumiuate; shor t 

spire, four, uhplanulate whorl with three omewbat convex chambers in each spire. 

Aperture tubular. Dimensions, tot:11 length, t mm. 
Locality. ,alinr counLy, Nehra ka. 

BULIMINA PUPOlDES d'Orbigny. 
PLATE O. FIGS. 20-24, 

BuUmi1l" 1)1ipoid .. d'OHDlGNY, 1846. Foram. Fo s. Vien., p. 185, pI. xi, figs. 11, 12. 
Bulimina 1wpaiclcs Wrr.LIA.1lS0N, 1858. Ree. Foram. Gt. Br., p. 62, pI. Y, figs. 1201, 125. 
Bullmi,," pre.,Ii, I'ar. pupoiclcs PARl(ER and JONES, I 62. InLrod . Foram., Appendix, p. 311 . 
Bulimi"a p!lpoidR.~ TmmiGI. 18s0. AtLi dell' Accad. Pont. ann. xxxiii, p. 193, pI. i i, figs. 30-34 . 
HlIli",i"" plI)Joidr.< BRADY, 1.~S4. Report on Foraill. n. M. S. Ohallenger. Zool., 1'01. ix, IIp. 400,401, 

pI. I, fig. 15, a, b. 
B1Ilimina pllpoirlc" WOODWARD and THO)IA , 185. Thirteenth Anoual Report, Gool. Nat. Rist. 

SUfi' . Minn., p. 159, pl. iii, fig. II. 

Bulimina pupoirlps. i':lhell oblong: obtuse, e,'pecia.lly at the inferior lateral 

surface; composed of uumerous segmeut, arranged in an indistinct spiral , and 

exhibiting a tendency to form three oblique vertical rows; segments remarkably 
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ventricose and prominent; the anterior one llsually more oblong than the rest, from 

its anterior part not being embraced, as all the preceding ones, by the next segment. 

Septal plane convex; semilunar. Septal orifice s ingle, placed near the umbilical 

border of the septal plane, and usnally characterized by a curious obliquity at its 

inner part, owing to the two lips of the ori fi ce not meeting at their umbi li cal 

extremites, bnt passing one behind the other. 'l'exture hyaline; transparent; when 

examined after being mounted in Canada balsam, t hrough a high power, it is seen to 

be perforated by innnmerable minute foramina. WILLIA.MSON, (Recent Foraminifera 
Gt. Brit., p. 62.) 

Locality. Meeleer cou nty, bfinnesota; Saline county, Nehraska ; South Ch icago, lII inois. Of thc 
material exam i ued cont~liniug t hi s speCies, in t hat from Minncsota i t was qu i te rare ; from Ncbraska very 

. common, a nd in that from Illinois, rare. It has also hecnfound in tbe Po t -tertiary of Oanada. 

PLEUROSTOMELLA, Reuss. 

PLEUROSTOMELLA SUBNODOSA Reuss. 

PLATE 0 , FIG. 25. 

Nodosaria nodosa (par .•. ) REUSS, 1845. V'erstein. Bohm . Kreid ., pt. I, p. 28, pI. xi ii , fig. 22 ( fide Reuss). 
Dentalina subnodosa (pcws.i, Id. 1850. Baidinge r's Naturw . Abhandl., vol. iv, p. 24. plate i, fig. 9 (fide 

Reuss). 
P lew'ostomella subllodosa, Id. 1860. SitZUDgsb. d. k. Ale. Wiss. Wi en, vol. xl , p. 204 , pI. vii i, fig. 2, a , b. 
Plew'ostomella subllodosa MARSSON, 1378. Mittbeil. Natul'\v. Vereine Neu- Vorpom. u. Rl\gen, Jabrg. 

x, p. 133. 
Plew'ostomella sllbnocwsc! BRADY, 1884. Report on Fomm . B. M. S. Ohall enger, Zool. , vol. ix , p. 412, 

fi gs . 12, 13. 

ce D. subnodosa (T. I. f. 9), elongata, su brecta; locnli s fere regulariter incres­

centibus, parum convexis, ultimo maximo, convexo, breviter acuto ; primo mLUlmo 

obtusum-sculo ; apertura nud a. Long.= l.l fi mm." REUSS. (Haidingel"s aturw. 

Abhandl., vol. iv, p, 24, pI. i, fig. 9.) 

Test elongated, nearly straight ; chambers quite regul arly increasing, sli gbtly 

convex, the last one t he largest, convex, shor t ly acute ; the first chamber smallest, 

rather obtuse; aperture naked . 
Locality. Saline county, Nebraska; Soutb Obicago, Illinois. 

nOLIVIN A, d'Orbigny. 

BOLIVINA DILATATA. Reuss, 

PLATE 0 , FIG . 26. 

B I·· d'latate! REUSS 1849 Dcnkscbr . d. k. Akac1. Wiss . Wien, vol. i, p. 381, pl. xlviii , fig . 15. 
owtna , "., . _." 197 I ii fi g . 42. 

B olivina clilcttatc! TERRIOr, 1880. Att) dell Accac1. Pont., ann. XXXI1I, p.. . p . " . _ 4 8 I I " 
B&livi"c, clilcttatc< BRADY, 1884. Report on F oram. H. M. S. Ohall engel, Zool., \01. IX, p. 1 , p. 11 , 

Ogs. 20, 21. 

Bolivina (Zilatata. " Testa cuneata, superne dilatata, infra acuta, compressa, punc­

- 3 
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. . t··· t' parum obliqui' apertura t ata, margine acutangula. Locult numerOS) angus l , lec 1, . ' 

simpl ex. Long.= O.3-0.4 mm." REUSS. (Denkschr. d. k. Akad. WISS. Wien, vol. i, 

p. 38l. 
A more general de cription is given 1U German, of which the following is a 

translation: 
B. dila lala, shell, narrow-cuneiform, broad above, acuminated below, but in t he 

middle relatively stout, thinuing out gradnally toward t he sharp margins, punctate 

on the surffLce. The" chamber. JJ are numerous (11 to 12 on each side), lower, not 

curved, only a littl e oblique, scarcely rounded. 

Locality. Saline county, N ebra ka. 

BOLIVINA PUNOTATA d'Orbigny. 

PLATE C. FIGS. 27. 28. 

Bolivina ptlllclata (rOHBTGNY, 1839. Forum. Amer. Merid ., p. 61, pl., \' iii , 6gs. 10-12. 
Bolivina antiqt<a, ld ., 1846. Foram. Foss. Vien., p. 240, pI. xiY, figs . 11- 13. 
Grammostontunt poly.,/igmn EnRENDERG, I -4. Mikrogeologie, pI. xix, fig. 84. 
GTammost01ltlLnt eellnglossa EnRENDEtlG, Ibid., pI. xxv, figs. 17, 18. 
Bolit,ina lJtlllctata BltADY, I 64. Trans. Linn. oc. Lond., 1'01. xxiY, p . 468, pI. xlviii. fig . 9, a, b. 
Bulimina pre .• li var. (Bolivina) ptlllctaln PAUtmn and JONES, 1865. Pbil. Trans. , vol. cly, p . 376, p I. 

xviii, fig. H . 
Bolivina elongctta llANTKEN, 1875. 1\fiLLhei1. Jahrb. d. k. ung. geol. Anstalt, vol. iv, p . 65, p I. v i i, 

fig. H. 
Bolic;lt" alltiqua 'rERRlGl, 1880. AtLi dell' Acad. Pout., ano. xxxiii, p. 196, pI. ii , fig. 40. 
Bolivina ptmctat(( ;'fOESffiS, I 80. Fornm. \'on Mauritius, p. 94, pI. 9, fig .9, 10. 
Bolivina pwtctct/a BRADY,) . ReporL on Foram. n. M. S. Cba11enger, Zool. , vol. ix , p. 417, pI. li i, 

Ogs. 18, 19. 
Bolivinn lJttnctnlit WOODWARD ane! 'rnO)[AS, I 85. Thirteonth Annual Report, Geol. Nat. Hist. 

Sur. Minn., fl. 169, pI. iii, fig . 12. 

B. }June/air/. "Te ta elouga.ta, compressa, conica, antice obtusa, postice acu­

miDatea, alba, pllDctata, lateral iter ~llbcarinata; loculis nllmerosis, obliquis, 

unduJatis, ultimo Obtll'O; apertunl simplici." D'ORBIGNY. (Foram. Amer. Merid ., p. 63.) 

Te·t elongated, com pres ed, couical, ohtuse anterior ly, acuminated posteriorl y, 

white. punctate, 'ub-carinate ou . ide.', with numerous oblique undu late segmeuts, 
the last obtuse, aperture simple . 

. Locality. lIfeeke~ county, Minne ota; Saline county, Nebra ka, and South Chicago Illinoi s. Quite 
rare tn a11 these localtLles. ' 



Ln,gena,l 
CRETACEOUS FORAMINTFERA. 

LAGENIDJE. 
Sub-Family LAGENIN..tE. 

LA GENA, Walker and Boy~ . 

LAGENA ASPER A Reuss. 

PLATE D. FIG. 1. 

Lagena USl'em REU s, 1861. S itzungsb. cl. k. Akad. Wi s . Wi eo ., vol. xl iv, p. 305, pl. i, fig . 5. 
Lagenct aspe·mRlms., 1863. I bid., vol. xlvi, p. 335, pI. v i, fig. 81. 
Lagena pa?'kel'ianet (?) BRADY, 1876. Monog l'. Carbo and P er m. Fomm., p . 120, pl. v ii i, figs . 1-5. 
Letgenct aspem S IDDA"LT~, 1878. P roc. Cheste r Soc. Nat. Sci., pt. 2, p. 48. 
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Lagenet etspem BRADY, 1884. Report 011 Foram. H. M. S. Cball enge r, Zoo I. , vol ix, p. 457, pI. lvii, 
figs. 6- 12. 

L . aspem. "Fast k'ugelig, oben sich wenig verschm(ilernd und zu keinem schna­

bel zuspitzend. Die schalenoberfhicbe is mit ziemlich gedri11lgt stebenden, unglei­

chen, unregelmii,ssig eckigen Hockerchen bedeckt. Sebr selteu." REUS~. (Sitzb. d. 

ma,them-naturw. cl. xli v, p. 305.) 

Lagena aspent REUSS. Quite sphericaJ, above narrowed somewbat, but forming 

no beak. The surface is covered with moderately crowded, unequal, irregular, 

angular tu bercles. 
Locality. Sal ine co un ty, N ebraska. H as been found in the Eocene lime tone, Alabama river, 

Monroe coun ty, below Claiborn e, Alaba ma. 

LAGEN A HISPIDA Reuss. 

PLATE D. FIG. 2. 

"Spha311dre hispidre" SO"LDA~"'1, 1798. Testaceographia, vol. ii , p. 53, pI. xvii , I', X. 

Golina sa!enti?lCI(?) COSTA, 1856. A tti clell' Accacl. Pont., vol. vii, p. 118, pI. xi, figs. 13. 14. 
L agenahiSJJicl.aREu s, 1858. Zeitscbr. d . deutsch. geol. Gesell cb ., 1"01. x, p. 434 . 
Lagena hispiela REUSS, 1863. S itzuogsb. d. k . A le Wiss . Wicn, vol. xh' i, p. 335, pI. vi, figs. 7i- 79. 
Lagenajeff?'eysii BRADY, 1866 . R eport B ri t. Assoc. Trans. Sec., p. 70. 
Lagenet hispiclet JONES, PARlmR a nd BRADY, 1 66. MOll og r. Foram. Crag, p. 30, No. 15. 
L etgena hispielet BRADY, 1884. R eporL on F omm. H . ;)1. S. CbaJle oger, Zool., vol. lix, p. 459, pI. 

l v ii , t1gs.1-4; pI. lix , figs . ~-5. 

L. hispidet uncl con.cinna Reuss, in Zeitschr. d. deutsch . geol. Ges., pag. 434 (nomeu), 

1858. 

"Del' gewolbte Theil des Gehauses ist in seiner Gestalt ~ehr veranclerlich, bald 

beinahe kugelig, bald eiform ig oder selb t schmal und lang-elliptisch, beioahe 

walzenfol'mig. Nach oben zieht er sich zu einem di10nell rohl'igen Schuabel zu. am­

men, der die ba lbe Lange des Gehauses einnimmt. Die Oberfiache ist mit regellos 

gestell ten, abel' gechangten hi1rzeren uud langereu, dickeren uncl diinneren, unregel­

massig gestalteten Stacllelhockerchen becleckt. An manchen Exemplaren, beson­

del'S den schmal-ellipt ischen, werd en sie sellr klein unel schrumpfen zu kurzell 

Hockerchen zuzammen. REUSS. (Sitzb. d. mathem-naturw. cl. , xlvi, p. 335.) 

( 

'\ 
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The arched part of the shell is very variable in form, sometimes nearly circnlar, 

almost egg-sbaped 0 1' even narrow and long-elliptic, very ne,t1' cylindriform. To­

wards the top it is drawn out into a thin tubular beak, which embraces half the 

length of the shell. The surface i covered with irregularly disposed, but crowded 

shorter and longer, thicker and thinner, variously shaped thorny tubercles. In some 

example, especiall y the narrow-elliptical ones, the tubercles are very small and 

contracted into short monticules. 

Locality. Northeastern Minnesota. 

LAGENA FAVOSA-PUNOTATA B1·ady. 

PLATE n , FIGS. 8-6. 

L<!genajavosa-p,,"clata BRADY, 1881. Quart. Journ. Mic. Soc., vol. xx i, n. s., p. 62. 
[,ayenajc<vosa-punclata BRADY, 1884. R eport all Foram . H . M. S. Ohallenger, Zool. , vol. ix, p . 473, 

pl. lviii, Hg. 35; pl. IIx, figs. 3, 4: pl. lxi, fig. 2. 
Lagena javosa-p"nctata WOODWARD and TnO)IA , 1 5. Tbirteentb Annual Report, Geol. Nat. 

Sun'. MillO. , p. 170. pI. iv, figs. 32, 33, 34, 38. 

"Test ecto- or ento-solenian, sha.pe variable ; surface areolated or reticnlated, 

with a con picnons orifice or perforation in the middle of each area or depression. 

Length -,!~th inch (0.34 mm.) or les .. " BRADY, loco C'if.. 

Locality. Meeker county. Minnesota. Found ooly io tbe mater ial from Minnesota. 

NODOSARINJE. 
NODOSARIA, Lamarck. 

NODOSARIA (D) OOMMUNIS d'Orbigny. 

PLATE n, FIG . 7. 8. 

NauLi.lus rectus :MONTAG, 1803. Test. Britann., p. 197; supplem. p. 82. t. 19, figs. 4-7. 
Nauldus subctrcltatus MONTAG, 1803. Test. Britann., p. 198, t. 6, fig. 5. 
Noc/,osa.,·iCL (De.nlalina) coll"mm;s d'OnUlGNY, 1826. Ann. Sci. Nat., vol. vii , p. 254, No. 35. 
Dell/CL/mcL CClrtnnta d;OUBlGNy,1826. Ann. Sci. Nat., vol. vii, p. 255. No. 39. 
Noelosana lrel'tgalrt:N ILSSON, 1 27. P etrificata Suecana, p . ,\'01. ix. fig. 2. 
DCll/attllcllorncla1la d'ORBLOXY. 1831. Foram Craie hI Paris' Mem Soc Geol Fl' . pI. i, fig .8,9'. . , . . . rance, vo . VI, p. 14, 

Denlalina ?!Odos" cl'ORBIGNY, 1839. Foraru. Oraie hI Paris' Mem Soc Geol F (2) . pI. i, fig . 6, 7. . , , . ' . . ranee vol. IV , p. 14 , 

Den lalinCl gracilis, ld. , Ibid., '1'01. vi, p. 14, pI. i, fig. 5. 
DentCllina communis, Ie1. , Ibid., (J840) p. 13, pI. 1, fig. 4. 
Noc/,osarw TCldicularis MUn t., Rom. 1838 :Nord tert Meeres and ' L b B 

382, ~1. 3, ·flg. 3. " , eon. U. ronn's, Jhrb ., 1838, p. 

NodoscLrialineclris Rum., 1842. Vert. Ilordcl . J{reidegeh., p. 95, pI. XI', ng. 5. 
Noc/,osCl':( nodo~~ REu S, 1845. Bobm. Kreide 1, p. 28, pI. xii i, fig. 22. 
Noc/,osaJ'la graclILS, Id., IbId. , p. 27, pI. viii, fig. 6. 
Noclos"ria Iorllcia1la, rd., Ibid., p. 27, pI. viii, fig. 5. 
NodosariCl communis, ld. , Ibid ., p. 28, pI. xii , fig. 21. 
No(losClT(c( wgunul1I, ld., ll>id .. p. 28, pI. xiii, figs. 23, 2-1. 
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Dental~na inomatet d'ORBI GNY, 1846. For. Foss .Vien. .44 1. i n, 
Dentahna bailensis , Id. , Ibid., p . 44, figs . 48, 49. ' P ,p , gs. 50, 51. 
Dentalina bl'evis, l eI., Ibid., p. 48, pI. ii , figs , 9, 10. 
Dentahna eiegctns, Id. , Ibid ., p. 45, pl. i, figs. 52-56. 
Dental~'w sCI'ipta, Id. , Ibid ., p . 5J, pl. ii , figs. 21-23. 
Dentaltnapunctata, Id., I bid., p. 49, pI. ii, figs. 14, 15. 
Denta l~na vel'Muilli, Id., Ibid., p. 48, pI. ii , figs. 7, 8. 
DentaltnapaupCI'ata, Td. , I b id ., p . 46, pI. i, figs. 57, 5 . 
Dentahna boneana, Td., Ibid., p . 47, pI. ii , figs. 4-6. 
Dentahnet consobl'ina, Id ., Ibid. , p. 46, pI. ii , figs . 1-3. 
Dentalina inel'n~'is CZJZEK, 1847. IIa idinge r's Naturw. Abhandl. , vol. ii , p. 139, pI. xii ft .3-1. 
Dental",,,jersthana, Id. , Ibid. , p. 140, pI. xi i, flgs. 10- 13. ' g 
Dental'ina cingulata, Id. , Ibid. , p. 139, pI. xii, 6gs. ,9 . 
Ma;'gin"l cont"a"ia, lei. , Ibid. , p.l40, pI. xii, figs. l7- 20. 
DentetUnet ch"ysetUnet CORN., 1848. Norw. Foss. Micros. Cret.; Mem. Soc. Geol. F rance,(2) 1'01. iii , p.251, 

pl. 1, fig. 21. 
Dental'ina intel'meelia, Id . , Ibid., p. 251, pI. i, fig. 20. 
Dentalina etntennet, Id ., Ibid., p. 250, pI. i, fig. 19. 
Dentalina g!'CtCili~ ~L'1·ll., 1849. Umgeb. Lemb .; Haid. Nat. Abh., 3, 2, p. 269, pI. xiii , fig. 27. 
Dentahna m"tetb,/ts BA.ILEY, 1850. Exam iu. of Soundings; Smithson. Cootrib. to Knowledge, 1'01. ii, 

art. 3, pI. x, fig . 7. 
Dentalina annulata REuss, 1850. Kreide Lemberg; IIa id. Nat. Abh ., 4.1, p. 26, pI. i, fi g . 13. 
Dental'ina acus, I d ., Ibid ., p . 27, pI. i, fig. 15. 
Margin"l elongatet, Id., Ibid., p . 28, pl. i , fig. J7. 
Metl'gin"l etpiculata, lei., Ibid., p. 28, pI. i, fig. 18. 
Dentalinct obtusatet REU SS, 1851. T ert. Sch. Oherschles ien; Zeitschr. deutsch . geol. Ges., p. 151, pI. 

Yiii , fig . i. 
Denietlina enutciatct REUSS, 1851. Sept. Thoo 1'00 Berlin; Zeitschr . deutsch. geol. Ges., ~, p. 63, pI. iii , 

Og.9. 
Dentalina etC"tica"da REUSS, 1851. I b id. , p. 62, pI. iii, fig . 8 . 
Dentalina nitens COSTA, )854. Pal. d. R eg. Nap. , 2. p. 165, pI. xii , fig. 26. 
M(wginul tomloset COSTA, )854. Pal. d. Reg . Nap., 2, p. 185, pI. xii , tJg. 15. 
Dentalin a p?'Clllonga COSTA, 1854. Pal. d. R eg. Nap., 2, p. 163, pI. xii, fig. 21. 
Den talina nodosa, Id., Ibid., p. 164, pI. xii , fig. 8. 
Dentalillct bailellensis, ld. , Ibid ., p. ni, pI. xvi, fig. 23. 
Mal'ginlll 'illve"sct, Id., Ibid., p. 139, pI. xii, fig. 16. 
Dentctlina nwgal01Jolitanct REUSS, 1855. Kreidegeb. Mecklenburg; Zeitschr. deutscb. geol. Ges., 1'01. 

vii, p. 267, pl. Yii i, fig. )0. 

Dentalina tenuicollis, Id., Ibid., p. 261, pI. Yiii , fig. 11. 
Dental-inaplebeja, Id ., Ibid ., p. 267, pI. viii , fig. 9. 
Dentalina vemeuilli BORNEMAN, 1855. Sept. Thon. IIermsdorf; Zeitschr. deutsch. geol. Ges. , vol. vi i, 

p. 324, pI. xiii, ft g. 8. 
Dentalina consobrina, Id ., Ibid ., p. 323, pI. xiii, figs. 1-4. 
Dentalina pcmperata, Iel., Ibid. , p. 324, pI. xi ii , fig. 7. 
Margill"l tenuis, Id. , I bid., p . 326, pI. xiii , fig . H. 
Dentalina ((c/·!tncet COSTA, 1855. Foram. Marna Blu. Vaticano; Mem. Nap., vol. ii , p. 117, pI. i, fig. 1 . 
Dentalina nepos, Ia ., Ib id. , p. Ill, pI. i, fi g. 2. 
De'ltalina 7widillgeri NEUGEll., 1856. Foram. Sticbosteg. Ob. Lapug.; Wien AlL Dl{scbr. 12. 2, p. 85, 

pl. ii i, fig . 12: 
Dentali'la pCl'uel'sa, Id. , Ibid. , p. 80, pI. ii, fig . 8. 
Dentalina"euss" Id., Ibid., p. 85, pI. iii , figs . 6- 1, 17 . 
Dell tct/inaperscl'iptetEGGER, 1857. MiociLn. OrLenburg; Leonh. u . 13ronn's Jabrbuch , 1851, p. 307, pI. 

xv, figs. 30, 31. 
DentetHna aCl!!"inatet REUSS, 1859. Westphii l. Kre ide; Wien, Ak. SiLz.-Ber., 1'01. 40, p. 181 , pI. i, fig. 7. 

Dentalina lemlicaudatct, leI., I bid., p. 182, pI. ii, fig. 3. 
D entalina com11tntata, Id. , Ibid . , p. 183, pl. ii, fig. 4. 
Dentalina p"yiuncul1Ls, Id., I bid., p, 183, pI. i ii, fig. 9. 
Dentalinet co11t11tu"'is PAlmER and JONES, 186u. Foram. Cbcllast.; Quart. Journ. Geol. Soc., 1'01. x vi, 

p. 453, pI. x ix, fig. 25. 

Dentali'la paupcl'ctta, rd. , Ibid., p . 453, pI. xix, fig . 2~. . 
Dentctlinn colligatct REUSS, 1861. Grli llsand von New J ersey ~ W!eo. Ak. Sitz.-Ber., 1, 44, p. 334, pl. vii, 

fig. 4. 
Dentalina linea"is REUSS, 1862. Nordd. IIils u. Gaul t; Wieo. Ak. Sitz. -Ber., 1,46, p. 42, pI. ii , fig. 15. 
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Delltalilla dqJlexa, rd., Ibid., p. 43, pI. ii, fig. 19. 
Noclosoria nuclCl, Id ., Ibid., p. 38, pl. ii, Ilgs. 8, 9. . . . I' ... 12 I ' 
Delltctlill"iasciata SEQlJENZA, I ti2. llhizopocl. rl. Oaw nia; Acuel. GlOcmu Attl,(2) 1'0. XVIII, p. , p. I, 

fig. 1. 48 44 I .. 
DCfllclli"" i"clijJerells RElISS, J 63. cpL. ThOll Olfcnbach : Wieo . Ale Sitz.- Bel·., J , , p. , p. II , 

I1gs. 15, 16. . P ' 1 T 
Dt/L(aU"" comlllulli. P.UllillR ancl JONES, I 65. North Atlantic a ncl ArctIC Oceans; 111. fans ., p. 

a~~, pI. xiii, Ilg. 10. . ' 
Dell(ali,,« collsobri"" P.AlIliEH and JONE ,1865. North Atlantic and ArctIC Ocean; PilI!. Trans., 

p. 342, pI. XI' I, fig. 3. 
JJw(uiillu rcquali. KAHRER, J 65. Foram Grl\o anrlslcln N. Zeeland, N ovara R eIse, geol. Tllell, I 

2, p. 74, pI. xvi, Ug. 1. _ . . 
JJcll/(llilla illorlltlta rwm ,I 65. Sept. Thon OO'enbacll ; \vien. Ak. Sitz.-Ber., 1, 4 , p. 40, ~~ II, fig . : 8. 
]),'o!losu";" t'ermicul"m nEUSS, 1865. Foram. deuLsch. cpt. Thoo; \vien. Ak. Dkscllr., I, 20, 1, p. 133, 

pI. ii , figs . 14, 15. 
Norlo"CI,.i« app,.oxi11Irtta, Id., Ibid., pI. ii, fig. 22. . 
DCll(alilla communis sub·var. pCIHpcratrt P,IB I(E I! ancl .Jo~ms, 1866. Orag. Fomm .; Pal. Soc., vol. XIX , 

p. 58, pI. i, flgs. 1:1, ~O. 
Norlosarir, IIcugeborclli SCIJII'AGEH, 1869. Norara-Expeel., geol. Theil , vol. ii , p. 232, pI. vi , fig. 67 . 
Nod""u)i« y,."eilLscells, ld ., I bid ., p. 234, pI. I'i, fig. 70. 
1\'oelos"1"i« Pll1Jijormis lLu<RER, 1867. l<'oJ'am. 1"auna 0 tcrrcich: Wi eo. Ale. S itz.- Ber., I. 55, p.354, 

pI. i, IIg. 5. 
De II (a Ii"" alw'culC(! GlMllEL, I G8. Norclall). Eocan; Abb. k. Bayr. Ak ., 1, 10, 2, p. 621, pI. i, fig. 34. 
DCII/alilla lillcm·i.i, ld., Ibid., p. 622 . pI. i, fig. 36. 
DClIlalina glmlClulije?·(t, leI., I bid ., p . G2~, pI. i, fJg . 37. 
DC1Italinctjusijonllis, Itl., Ibid., pI. 621, pI. i, Ug. 3i>. 
Den/alin" kOl'yncphorcl G[~lllEL, 1869. Foram. St. Oa SiD U . Raibl. Seh. ; Oster. geol. R eichsa nst., 

JhariJ. xix, p. 176, pI. v, ago 1. 
Den(alina /rrI1lSmon(mlCl, Td., Ibid., p. ]77, pI. I' , fig. 17. 
D,"/"ti?lCI ;))01'(" TEHQlJE~I, I 70. Foram. du S.\'SL. Oolith .,3 ,,," Mem. , p. 262, pI. xxv ii , fig . 26- 34. 
1I'0closal'i" Pe?'(lCII(lL HE!: s, 18~3. Geiuilz, EILhalgclJ. Sach 'eo , 2, p. 86, pI. ii , fi g . 21. 
NoelINI)'i" ((liliula/", Id., I bid., p. 85, VI. ii, figs. l U, 20. 
DtIl/(Lli?labuclcn,.is n ~TlillN, J 75. MiLLheil. ,Ja ilrb. d . k. ling. geo l. Aost,llt, vol. iv, p. :;4. pI. xiii, 

figS. 7, 12. 
DClltulin" bOllea1la IIANTliEN, I 75. ForaUl. hI". Szabo Sch.; Mittheil. Jnbrb. d. k . uog. geol. Aostalt, 

p. 34, pI. xii , figs. II , 19. 
Dentulinct communi, llRADY, 1 76. Oarbooif .. and Perm. Fo ra m. ; Pal. Soc., 1'01. xxx, p, ]27 , pI. x, figs. 

17, I . 
Nodo.'"ria cla"a KAnnEl<, 1878. Foram. Luzon: Bolet. Oom i . Uapa Geol. del Espana , 7, 2, p. 16, 

pI. E, t1g.11. 
Nodosaria commuII;,' GOES, 188~. Reliculariao Rhizopoda of the Oaribbean Sea; K. S. V e t. Akad . 

iland ., Yol. xix, p. 26, pI. i, fig . ]] - 16. 
},'oclosarict legllmc)), rd., Ibid., p. 34, pI. ii, fig ' . 20- 31. 

NodO'''''i" (V) communis BI1ADY, J88-l. Heport on Foram . H . M. S. Ohallellger, Zool., vol. ix, p. 504, 
pI. lxii, fig . . 19- 22. 

" N. (D.) communis, testa elongata, arcu'ata, h-evigata; po tice acuminati1, caudata ; 

loculis numerosis, obliquis, ultimo ~upra convexo, acuminato, primo convexo; 

sutl1ris subcomplal1ti ; apertura minima, rad iata." D'ORBIGNY. (1840, Mem. Soc. 
G60l. de France, Yol. iv, p. 13.) 

N. (D.) communis, shell elougated, arched, smooth; posteriorly acu minate, candate ; 

llumerou chambers, obliqne, la:;t very convex, acu minate, first convex; sutures sub­
complanatc; very 'mall aperture rad iate. 

Locality. Salioc county, Nehra5ka. 

'.rllis species s~cms tn he vcry rare in the western Oretaceuus; in t he material exa mined we fOund 
only one perfect specImen and tWQ fraglucnts. lL is "c l'y abu ndant a nd well res rv d . . 
ur New Jers y, at Timber creek and Mullica hill. p ee 10 the Oletaceous 
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UVIGERINA, d'Ol'blgny. 

UVIGERINA ASPERULA Czjzek. 

PLATE D. FlO. 10. 

U"~ger~!l(t a.p~rulu OZJZEK, 1847. Haidinge r's Naturw. Abbandl., vol. ii, [J. 146, pl. xiii, figs. H, 15. 
UVlgeJ'Ll1a Ol'bt~IHa?lCl, Id ., Ibid ., p . 147, pI. xiii, figs. 16, 17. 

Uv,gel'~ll(t gl'ac.l,s REUS, 185 1. Zeitscbr. d. deutscb. geol. Gesellseb ., vo l. iii , p. 77, pI. v, !lg. 39. 
UVlge,..lla gl:ac~lls BOItNE~lANN, 1865. I bid., yol. vii, p . 343, No. 1. 
Uv~gel'~na 7nsptda SCIIWAGER, 1866. Novara-Expecl., geol. Tbeil, vol. ii, p . 249, pI. vii, fig. 95. 
Uv~gel'~na aspentla SEGUENZ!, 1880. Atti Accacl. dei Lincei, SCI'. 3, 1'01. vi, pp. 146,226,307 . 
Uv.germa asperula HHADY, 1884. Report on Fomm. U . M. S. Ohallenger, Zool., 1'01. ix, p. 578, pl. lxxv, 

figs. 6-8. 

"D. testa oblongcL, antlce et postice acuminata, asperula et longitudinali ter 

costulata; 10cul i8 convexis, globulosis, imequalibus; apertul'a fistu losa, margillata. 

Diam. 1< mill. Long. 1± mill." CZJZEK. (Baidinger's Naturw. Abbandl., vol. ii, p. 146) 

Shell ob long, anteriorly and posteriorly acuminate, longitud inally ribbed, 

spin ulose nndulate, chambers convex, globo 'e, uneqmtl, aperture tubular, ma.l'gined. 

Locality. Saline county, Nebraska. Very rare. 

UVIGERINA OANARIENSIS d'Orbigny. 

PLATE D, FlO. O. 

"TestrepineifQ?'mes minllSClllre" SOLDAN!, 1798. T es taceogntphia, vol. ii , p. 18, pI. iv, figs. E, E, G, H . 
Uvigerina /Lodosa l'a r B, d 'ORUIGNY, 1826. Ann. Sci. Nat., vol. vii , p. 269, No.3. 
Uvigerina cana1'iensis, Ill. , 1839. Fomm . Oana ries, p. 138, pI. i, figs. 25-27 . 
Uvigerinct '''''lIll" d'OmHGNY, ISJ6. Foram. Foss. Vien., p. 189, pI. xi, figs. 21, 22. 
Uvigerinct i'T69ulw'is Bl<ADY, 1865. Nat. H isL. Trans. N orLhrl. and Du rha m, vol. i, p. 100, pI. xi i, fig. 5. 
Uvigerina proboscidea SCHWAGER, 1866. Novara-Expecl., geol. Tbeil , \' 01. ii , p. 250, pI. vii, fig. 96. 
Uvigerinajct?'i"lOSCt HANl'KEN, 1875. Mittbei l. Jabrb. d. Ie ung. geol. AnsLalt, vol. iv , p. 62, pI. vii, 

Hg.6. 
Uvigerina CClna?'iellsis DUADY, 1884. Report on Foram. H. M. S. Cballenger, Zool., vol. ix, p . 573, pI. 

lxxiv, figs . 1-3. 
Uvige"ina canct?'iellsis WOODWAItD and TH01.lAS,1885. '.rbirteentb Annual Report, Geol. Nat. Hist. 

Surv. Minn., p. 171, pI. i v, fig. 37. 

"D. t esta oblongo-conica, punctata, albida; spira conica, anfractibus quinis minime 

convex is ; loculis convexis per quamque spiram t l'inis; apertul'a rotunda; siphone 

brevi." D'ORBIGNY. (Foraminifera Canaries, p. 138.) 

Test oblong conical, punctate, whitish with a conical spire of five whorls slightly 

convex, segments convex, three to each wborl of the spire, aperture round, siphon 

short, 

Locality. Meeker county, Minnesota; Saliue county, Nebraska. Very rare in Minnesota and Nc­
braslca. Has also been founrl in t he borings from an artesian well at Atlantic City, New J ersey. 
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40 THE PA L EONTOLOGY OF MI NNESOTA. 
[Globlgel'lnn.. 

GLOBIGERINIDJE. 

GLOBTGERI A, d'Orbigny. 

GLOBIGERINA BOLLOIDES d'Orbignlj. 

PLATE D, [,'[GS. 11-17. 

"Polymorphu.1\,bcT'Osa ct GwbuliferCl" SOLDAYI, 1791. Testaceograpb ia, vol. i, pt. 2, p. 117 , pI. cniii , 
fig'. II, I, 0, P. 

Tcstoo t"bel'osoo, etc., Id., 1798. Ibid., \'01. ii, p. 20, pI. vi, figs. eld, ee. 
Gwbigel'ina b"lIoielcs d'OHJJIONY, 1826. Ann. Sci. Nat., vol. I'll, p . 277, No. 1, Mod ~ les, N o. 17 (young) 

and "0. 76 . 
Globige,-ina buUoieZcs, leI. , I 39. Foram. Am~r. Mer iel., p. 37." 
Globigel'ina blliloides, lei., I 39. Forum. Oanaries, p. 132, pI. II, figs. 1-3, ~. 
Gwbigel'hwhirsllta, Iel., Ibid ., p. 133, pI. ii, figs. 4-6. 
Globigcrim, sipltonife)'((, Id., 1839. Foram. Ouba, p . 95, pI. iv, figs. 15-18. _ 
Globigeri,w blllwielcs, Id., 1846. Foram. lJ'o ~. Vien., p. 163, pI. ix, figs. 4-6. " 
G/obigerilw concinnCl REUSS, I 49. Dcnkschr. eI. k. Akad., Wiss. Wien., vol. i, p. 373, pI. xl I'll, fig. 8. 
Gwbigerina diplost011la, Id., Ibiel., p. 373, pI. xh'ii, Ugs. 9,10. 
Globigcrina elcprcssa ELTRENlIEllG, 1 54. Mikrogeologle, pI. xix, fig . 92. 
Gwbigcl'ine!iouwl.£tla (par .1, Id., Ibiel., pI. xxii, fig. 74. 
Globigerina cl'etl£ EnRENlJEllG, 1854. Mikrogeologie, pI. xxvi, Og. 4J ; pI. xxx, flg. 38. 
Globigeri,w stellata, Id., Ibid., pI. XXYi, fig. 45. 
GlobigerinCL ternCLta ElIlmNIJERG, 1 54. Mikrogeolog ie, pI. XXXV B, figs. 5, 6. 
Plc",ulinCL I)Orotetl'wl, lei., 1854. Ibid., pI. xx, II, fig. 16. 
P/CLnu/inapcl·tllsa, Id., Ibid., pI. xxii, fig. 75. 
P/anu/ina stigma, Id., Ibid ., pI. XXI', fig. 29. 
Rut"lia"udis, Id., Ibid., pI. xxiv, figs . 35, 36. 
Rotalia le:ptospi1'U, Id., Ibid" pI. xxiv, Og. 39. 
RotaUa senaria (pars .), Id., Ibid., pI. xxiv, fig. 40. 
Ptygostomum orpltei, Id., Ibid., pI. xxxv B, figs. I, 2. 
P"(Ulero~tomum atlallticum, Id" Ibid., pl. xxxv B. O~s. 3,4. 
Globigel'inu bulloides KtBLER and Z\\'lNGL1, 1866. Ncujabrsblatt, Y. d . BU rgerbib. in Win terthur, pt. 2, 

p. 22. pI. iii, ftg . 30, 31. 
Globi,l'rina t"!!Iinensi.s. Id., Ibid ., p. 24, pI. iii, fig. 26. 
Gwbigerincllmlloides Gt~[JJEL, 1 6. Abh. d . k. bayer. Akad. d. Wiss., II, cl. \'01. x, p. 661, pI. ii , fi gs . 

106 a, b. 
Globigerilla a/pigelta (1), Id .. Ibid., p. 661, pI. ii, fig. 107. 
Globigerina eacama, Id ., Ibid., p. 662, pI. ii, fig. 109. 

Plamllina"'aw'yulIa EnHENUEHG, 1873. Abhandl. d. k. Akad. Wiss. Berlin (1872), p. 388, pI. iii, fig. 1. 
Planulina globige"illa, Id., Toid., p. 388. pI. iii, fig, 3. 
Plalllliina mega/opeIlWB, Id., Ibid., p. 388, pI. iv, !1g. 7. 
PyloelexiaplcttyleLJ'(!S, Id., Ibid ., p. 388, pI. iii, fig. 14. 
Aristerospim nmplta/otetta., leI., Ibid., p. 38 , pI. iii. fig. 15. 

Wobigel'i"CL elell'ite, TEHQuE~I, 18,5. Anim. sur la Pluge de Du nkerque. fasc. i , p. 31, pI. iv, fi g . 4, a-c. 
GlobigeriIlC"Jl(/wides TEHQuE:Il, 1875. Anim. Sur la Plage de Du nkerque, fasc . i, p. 31, pI. iv, fi g . 5, a- b. 
Globigcl'ina blll/oide. lllLGARD and ,n0PJ(LNs: 1878. Rec. of the Alluv ial BaSin of t he Miss. river, pp. 

13,42, pI. 11, figs . 70, 71, 72. 
Gwbige>-illabulloic/es BRADY 1879. Quart. Journ. Micr. Soc., vol. xix, n. s., p. 71. 

Globiy61'ina btll/oid~s BIUDY, 1884. Report on Foram. n. M. S . Challenge r, Zool., \'01. ix, p. 593, pI. 
lXXIX, ftgs. 3- 7. 

Globigflill(( bulloides ANDRE.£, 1884. Beitrag Zllr l{cnntnis des Elsasser T ertia rs II Tbeil pI ' . 
figs. 1, 2. f , . IX, 

GwbigerillCI blllloicl~s WOODWAllD and T~lO~(A , 1885. Thirteenth An nual Report , Geol. Nat. Ri s t. 
, lin'. MlDll., p. 172, pI. iii, fig. 13. 



() loblgerIDa. 1 
ORETAOEOUS FORAMINIFERA. 41 

,. Test spiral, subtrochoid ; superior face convex, iuferior more or less convex 

but with deeply sunkeu umbilicus, periphery rounded, lobulated; adult specimens 

composed of abo ut seven globose segmeuts, of which four form the outer convolu­

tion; the apertures of the · individual chamber opeuing independently into the 

umbilical vestibule. Diameter sometimes I th I'nch (0 63 n ) b t ft h H . I m. u 0 ener muc 

less." BRADY loco cit. 

. Loca:it~. Meeker coun ty, Minnesota ; Saline coun ty, Nebraska; So u ~ l1 Obicae:o, Illinoi. Oo mluon 
In N ebraska, not q UIte so common In MIn nesota; rare in So u ~h Obicago. Tbe most common of all our 
lI VI ng forms, a nd may be found anywbere along our . eacoa t, a lso as a foss il in t be " Eoli a n sanrl " from 
tbe Smoky H Ill rIver, near LIndsborg, Kansas. 

GLOBIGERINA CRETACEA d'OJ'b igny. 

PLATE D. F IG-S. IS. 19. 

G!obige'lina cretace(t d 'OlmLGNY, 1840. Mem. Soc. Geol. France, 1'01. iv, p. 34, pl. iii , figs. 12-14. 
Glob'gennaj!weolota (pars) EElRENBEliO, 1854. Mikrogeologie, pl. xxiv , fi g. 49. 
Globigerina libani EURENl3EIlO, Ibid. , pI. xxv , fi g . 30. 
Planulilta l1achydel'l1U! , Id .• Ibid ., pI. xxv, fi g . 31. 
Rote,lia pertusa, Id .. Ibid., pl. xxiv, fig. 41-
Rotaliaaspem , Id ., Ibid., pI. xxvii, figs. 57, 58; pI. xxviii , fi g. 42; pl. xxxi , fig . 44. 
Rotalie, globulosa, Id ., Ibid., pl. xxvii , fi g. 60 ; pl. xxv iii , fi gs. 40, 41 ; pl. xxxi, ftgs. 40,41, 43. 
R otalia densa, Id ., Ibid ., pI. xxv ii, fi g. 62. 
Rotalia quatel'lw, Id., Ibid., pl. xx vii , fig'. 53 ; pl. xxviii , fi g . 34. 
R otalia ,'osa, Id ., Ibid., pl. xxvi i, fig. 54. 
Rote,liapachyomphala, Iel., Ibid., pl. xxvi i, fig. 55. 
R otalia tmcheotet"as, Id. , Ibid ., pl. xxvii , fig. 35. 
Rotali!, peljrrrate" Id ., Ibid., pl. xxviii, fi g . 36 ; pl. xx ix, flg. 2. 
Rotaliap"otac?nrea, Id. , Ib id., pl. xxv iii , fi g. 37. 
Rotalia laa:a, Id ., Ibid. , pI. xxvii i, flg . 38 ; pI. xxix, fig. 1 ; pl. xxxi , ft g . 42. 
Rotalia centmlis, Id ., Ibid. , pI. xxvii i, fig. 39. 
Globige'rina cl'etacea BRADY, 1879. Quart. J ourn . lIii cr. Soc. , 1'01. xi x, n. s., p. 285. 
Globigel'ina crete,cee, BRADY, 1884. Repor~ 0 0 FO!'am. H. ~1. S. Ohall enger, Zool. , 1'01. ix , p. 596, pI. lxxxii, 

foss il specimens, fi g. ll , a-c. 
GlobigeYin!, cnULCee, WODWARD and Trro:lfAs, 1885. Tbirteentb .Annual Report, Geol. Na~. Rist. 

Surv. Mino., p. 171 , pI. iii, fi gs. 14-16 : iv, fig . 19. 

" Test rotaliform, much compressed; superior face flattened or only slightly 

convex, inferior side depressed towards the centre and excavated at the umbilicus, 

periphery obtuse and lobulated ; composed of about three tolerably distinct con volu­

tions, the outermost consi ting of from five to seven segments; segments relati.ve ly 

small , su bglobular; apertures opening into an um bilical vestibule. Diameter}~th 
i.nch (0.5 mm.)" BRADY loco cit. 

Locality. Meeker county, Minnesota; Saline county, eb!'aska ; Sout h Obicago, Illioois, a nd Li t tle 
Fork river, near Ra iny lake, lIiinnesota . It is found very abu nda ll ~ in ~be Boulder clay of Minncso ~a, bu t 
~be specimens a re quite fragmentary. wbile tbose in the :N ebrasl,a a ml I1lillois clays a re more numerou ' 
and in a m ucb better state or prese rvation. D r. G. M. Dawsoo, in 1874, found it in t be Oretaceous clays 

from :Manitoba. 
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GLOBIGERINA MARGINATA Reuss. 

PLATE D, FlOS. :10, 21. 

Rosatinu IllclI'gillala REUSS, J&15. Verstein. bohm. Kreicl., pt. i, p. 36, pI. .x iii , Og. 47 .. 
RosaUna mal'yinatu JONES, J -3. Ann: and Mag. Nat. lfist., ser. 2. 1'01. XII , p. 241, pI. IX, Qg. 7. 
Rosalilla ",,,,'yillat,, gEUS>, I 54. Denkschr. d. k. Ak<tcl. Wiss. Wien, vol. I'ii, p. 69, pI, XXI' I, fig. 1. 

Discol'bi'UL Ilu()'yinalll, lei ., 1854. Sitzungsb. d. k. Akad. Wis'. \'Vien, 1'01. I'ii, p. 12, No. 2. 
Globigcrilla margillula PARliER and JONES, J 65. Pbil. 'frans., vol. ell', p. 367. 
Rntnli« ))!Iuginuta Ge~IUEL, J iO. Sit7.Ungsb. d. k. bayer. Akacl. WISS., \'01. 11, pp. 283, 287. 
Globigt1'i"" ))!u)'ginalC4 REUSS, 1 H. Das Elbethalg<' birge in aebsen, 2t<:r Tbeil, p. 112, No. 2. 
Globigc)'in" 1)w)'gin"W DRADY, 18i9. Quart. JOUfll. ~Iicr. oc., 1'01. xix, n. s., p. 7:. . 
Globiycri)l('''''lrgi,wtct ilRADY. I '4. Report on Ji'oram. n. M. S. Cballenger, Zoo]., vo l. IX , p 597 , 

wood cut, fig . 17. . 
tilobigc)'i.nlt »tu1'gi'lIIla WOODWAUD and 'fJJOUAS. J8 5. Thirteentb Annual Report, Geol. Nat.. HISG. 

Surl' . )1ino., p. 174, pl. iv. figs . 20-22. 

" I'est l'otaliform, much compressed; superior face convex, inferior face also 

convex, but with a suuken umbilical rece s, peripheral edge thin or ubcarinate; 

segments numerou=" five or 'ix in the last convolution, the outer ma.rgin of each seg­

ment exhib iting a well-marked narrow bonIer; apertures opening into the umbilical 

ve tibule. Surface of living specimens beset with spines. Diameter hth to ·loth 

inch (0.5 to 1 mm.)" BRADY lac. cit. 

Locality. Meeker county and Northea torn Minnesota; LiWe Forie river, Sal ine cou nty, Nebraska; 
Soutb Chicago. Illinois. Tili specie- in lIIinncsuGu is quite well represented, a nd in good st.Me of 
preserl'uti on, while in cbrasku tiley are comillon but. fragmeot.uI'Y. We are in some doubt about. this 
species, it resembles '0 closely ill some respects G. lillllUlU'l'<, whilo in ot.bor' Pu/uillulillCt 71Ulna1'di'i ; but we 
feel quite satisfied to ral'ol G. mcn'yiIlCLtl' REUSS. 

ltLOBIGERINA SACOOLIFERA H. B. Brady. 

PLATE D, FIG. 22. 

Globigeri1la lte1icina CAHPENTEl{, 1862 Introd . Foram., pI. xii, fig. 11. 
Globigerilla succuliferu BnADY, I 77. Geol. Mag., dec. II, \'01. iv, p. 535. 
Globi.yerina ""cculijera HR.\DY, 1 79. Quart. Journ. i)lier. Soc., Yol. xix, n. s., p . 73. 
Globigeril1a succulife1'a BRADY, 18&1. Report FOfam. II. M. S. Challenger, Zool., vol. ix, p. 60t, pI. 

lxxx, figs. 11-17; pI. lxxxii, fig. 4. 

"Test oblong, compressed, rotaliform; segments few, ntiually five to seven in 

number, of which four generally compo e the final convolution; earlier chambers 

small and subglobula.r; the ultimate ~egment, and sometimes also the penultimate, 

elongated radially aud more or l e~:; pointed at the peripheral extremity. Aperture 

variable, consi ·ting of a single large opening at the inferior nmbilical margin of the 

terminal segment, and one or sometimes several runnd orifices in t he sutural 

depressions of the superior face. Pelagic specimens spinons externall y. Longer 

diameter ~15 th inch (1 mm.) more or less." BRADY lac. cit. 

Locali/y. Northeastern Minnesota. \Ve fOUnd but one SIJecimeo in tb b Id lb ' 
8 bl d . t.s tb e ou er cays, ut. It. closely 

re em e, 1080 many rcspec, ose figured by Carpenter "nd Brady tbat we are qlll·t.e s··"I·sl1ed t.hat l·t. 
is tbe &arne species. ,~" 



Orbuli ua.' 
CRETACEOUS FORAMINIFERA. 43 

ORBULI NA, d'Orbigny. 

ORBULINA UNIVERSA d'Ol'higny. 

PLATE D. FIG . 20-27. 

"PolymO)l)h~ sphccmle vIL)'ecc," SOLDAN!, 1791. Te-taccographia, vol. i, pt. 2, p. 116, pI. cxix, figs.I- N . 
Ol'bul~n(! "'twersa d' OlU3IGNY, 1839. F oram . Cuba, p. 3, pI. i, fig l. 
Orb«hna ltnWe,'sc!, le1., 1 83~ . Foram. Canuies, p. 122, pI. i, ng. I. 
Miliola (.!JI01l0CyStiS) c!,.ceUa EUltENDERG, 185 •. Mikrogeologie, pI. xxx, fig . 1. 
11ftlwlc! spitcc)'ulo, Id., IbId. , p1. xxx i, fi g. I , a, b, c. 
O"bul~nc! gmn1<laU! va l'. atl'a COSTA, 1856. Atti dell' Accad. P ont. , vol. vii, p. 116. pI. xi, fig. 2. 
O"buh'1lc! gmnulatc!val'. c",eolclta, Id . , Ib id., p. 117 , pI. xi, fig. 4. 
O)'bulina!!nive)'s", Id., Ibid., p. 11., pI. xi, fig. 5. 
O"bulinct!!n'ivel'sa WILL[AA[SON, 1S58. Rec. FonLm. Gt. BI'" p. 2, pI. I, fig. 4. 
O,.buVinc! universa POUHTALES, 1858. Amer. J our. Sci . , ser. 2, vol. xxvi, p. 96. 
Orbulina «nive)'sa Br<.O\DY, 1859. Quart. Journ. /Vlicl'. Soc., vol. xix, n. s ., p. 75. 
Orb!!Una pzmetata 'l'EI<QUEl[, 1862. For>Lm. d u Lias, 2"lIIe mem., p, .32, pl. v, fig. 5. 
Globigp,ri11a (Orbulina) zmiversc! OWEN, 1867 . Journal Linn. ·oc. L ond ., vol. ix , Zool" p. H9, pI. v, fig. I. 
Globigerinc! (Orb«Ullct) c011tinens, Id. , I bid. , figs. 3, 4. 
Globige'l'illC! (Ol'bulina) ace}'osa, l eI., Ibid ., fig . 2. 
Orbulinc!"nive)'sa STorm, 1876. Boll. R. Com . Geol. D ' Ita l. , p. 463. 
Orbulinct unive)'s" SCnWAGEH, 1877 . Boll. R. Com. Geol. D' Ital., p. 20, pI. fig. 45. 
Orbulina tt7live)'scI J-IILGARD and HOPKINS, 1878. Rec. of t he Alluvial Basin of t be Missis ippi river, 

pp. 13, 39, pI. ii , Ilg.73. 
Orblllirzc! t",ivCl'sa SCUACKO, 1883. Wiegmann's A"~hiv fur Natuz·. , Jabrg. xlix, p . 42 , pI. xiii , fig. 1. 
Orbul-inc! ZtniVel'sC! SCliLUMI.!EItGEIt, 1884. C. R. vol. xcviii, pp. 1002-1004, fig!;. I , 2. 
O,bzdina zmiz'e)'"(( BHADY, ISS •. R port on Foz·am., II. M. 8 . Cballenger, ~ool., vol. ix., p. 60 , pl -. 

Ixxviii; lxxx i, figs. 8- 26; pI. lxxxii, fig. 1- 3. 
Orb .. Unct""ive?·sa WOODWARD a lld TUOMAS, l 85. Th il'te nth Annual RcpoTt, Geol. Nat. fIi st. Surv. 

Minn., pp. 174, 175, pI. iv, figs . 25-31. 

Generic character. Shell free, regular, spherical, hollow; perforated by innnm­

erable very minute foramina, visible only under a h!gh maguifying power; septal 

ori fice single, small, situate at so me point on the peripbery of the shell; without 

any marginal projection; often invisible. 

Specific chamcter. "Spherical ; parietes minutely granu lar, of a pale grayish­

yellow hue. Texture finely arenaceous.* Septn,l aperture small, normally yound, 

but usnally irregular, and sometimes entirely closed up by the iuspissated gelatinous 

'arcode, so as to be iuvisible. Diam. Jrr-lo inch."** 

Locality. ~Ieeke r county, Minnesota ; Saline county , Nebraslm; Calumet, South Chicago, Illinois. 
I n Minnesota it is Cl,mmon, in N eb raska and South Chicago rare. 'l'his species was found in the Post­
pliocene by P rof. Euge ne W. Hilgard ancl Dr. F. V. Hopl{ins, in Lboir " investigation o f the microscopic 
character o.f the sLrata o[ dark-colored, brow n or blue clays occurr ing in tbe boring' of t be blue 'delLa clay' 
wbicb is found almost everywhere in tbe delta coast regio n of Louisiana and Mississipp i."t It is a very 

common species. 
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Sub-Family ROTALIN2E. 

ANOMALI A, d'Orbigny. 

ANOMALINA AMMONOIDES Reuss, sp. 

PLATE D, FIGS. 28, 29. 

lAllOmu,lInn. Puh'inullnn.. 

Rosaline, ammolloicles REUSS, I ~5. Verstcln. bohm. Kreid., pt. 1, p. 36, pI. x ii, fig . 66; pI. v iii , fig. 53. 
Rosalina ammonoides, lcl., 1850. Raidinger's Naturw. Abhandl., vol. iv , p. 36, pI. iv, fig. 2. 
Nonionina balhyomphala. leI., I 62. Sitzungsb. rI . k. Ak. Wiss. Wien, yol. xlvi, p. 95, pI. xiii, fi g . I , H, b. 
Rosulinawcinkcwffii, Id ., 163. Ibid., I'ol.-xlviii, p.68, pI. viii, Hg. 97 . 
Rosalinu maol'icu STACLlE, 18M. Novara·Exped ., gool. Theil, vol. i, p.282, pI. xxi.l', fig. 32. 
RQSCtli1lcto)'biculus, Id., Ibid ., p. 285, pI. xxiv, fig. 34 . 
PlmlOrbulinct ctmmonoides PARKEH and JONES, 1865. Phi\' Trans. , vol. ell', p. 379. 
Discorbinct Ctmmolloides REUSS, 1865. Sitzungsb. d. k. Ak. Wiss. Wien, vol. Iii, p . 456, No . 5. 
Rotalia CctpitCLlct GthfBEL, 1 68. Abband\. rI. k . bayer. Akad. Wiss., II,el.vol. x, p. 653, pI. ii , fig. 92. 
Rotc(lia c,mmonoides, ld " 1870. Sitzungsb. d. k. bayer. Akacl . Wiss., p . 283. 
Plc(1lol'bulinCl (Anomal'i"ct) amlllOJloides JONES and PARKER, 1872. Quart . Journ. Geol. Soc., vol. 

xxviii, p. 106; table, p. 109. 
Plano"buli"a all!!nonoides REUSS, 1874. Das ElbLhalgebirge in Sachsen, 2ter Theil, p. 114, pI. xx iii , fig. 9. 
A11011WliJlct cWlmVlloicl.e.1 BHADY, 1881. Report on Forum., H. M. S. Cballenger, Zoo!., vol. ix, pp . 

672, 673, pI. xciI', figs. 2,3. 

"l'he shell is generally much compressed, and nearly equaJry convex on the two 

ide, ; the peripheral edge is round, and the aperture is placed almost symmetrically 

in the median line. Some specimens are depressed at both umbilici, others are 

umbonate at one or both ; ometimes the earl ier convolntions a re visible to a nearly 

equal extent on both faces . The coarse perforn.tion of t he shell wall is nsually more 

conspicuons on the inferior than on the superior face," BRADY loco cit, 

Locality. Saline county, Ncbra ka, and South Chicago, Illinois. 
Ano11lalillCI anmlOlloides is a yery common Cretaceou foraminifer in Europe: in America we helieve 

this is the first time it ha been noticed. 

PULVINULINA, Parker and J ones, 

PULVINULINA HAUERI d'Orbl:gny, sp. 

PLATE E, FiG . 34. 

Rotalillet hctlterii d'OI<DIGNY, 1816. Foram. Foss, Vie u. , p. 151, pI. vii, figs . 22-24 . 
Pulvim<iil1Ct !tetHerii. PAllKRH and JONE ,1865. Phil. Trans., 1'01. clv, p. 393 . 
PUlVtnHltnltblldclIS18 nANTKEN, 1875. Mitthcil. Jahrb. d. k . ung. gilOI. Anstalt vol. iv pI. ix, fig. 5. 

(Pulvilluli)(u b)'ongllic,,'ti, at p. 78). " 
P"lvillulina hCLHe"ii BRADY, I ~. Report on J)'0ram., H. Y. S. Challenger, Zool., vol. ix, p. 690, pl . 

CVl, figs. VI, VII. 

"P. /wuel'ii. Testa ovatil.-convexa l::evigat<L, subtus couvexa, umbili cat-a; spira 

cOllvexiu cula; anfractibus tribus externe rotundatis; loculis convexo. Diam. t mill." 

D'ORBIGNY. (Foram. Foss. Vien., p. 151, pI. vii, figs, 22-24,) 

P. hauerii. Shell ovate·convex, smooth, convex below, umbilicate; !:ipire some­

what convex, three whorls externall y ro unded, chambers convex. Diam. t mill. 

Locality. Lit Ie Fork river near Rainy lake, Northeastern Minnesota. 
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Operculillacomplanata R UTDrnYER. 1850. Scbweizer Nummuliteo-te rrain, p. 108, pI. iv, fig .. ?6. 
Operculina arabic(l OARTBR, 1 53. Journ. Bombay Br. R. Asi<1tic Soc., YOI. iv, p. 437, pi: XVILI. , 

Opcrculilla hal'diei d'ARCilAlcand TIAJME, 1853. De cr. Anlm. Foss., elu groupe nummulltlque dl lode, 
p. 346. pI. xxxv, fig. 6, a, b, e. 

Operculina complct1Iata PARKER and JONES, 1 61. AnD. aod Mag. Nat. Rist. , ser. 3, vol. viii , p. 229. 
OperclL/ina sluclCl'i KAUFMANN, 1 67 Geol. Beschreib. dolS PilaLus, p. 151 , pI. ix, figs. 1,2. 
Ollerculilla n1m'ginatfl , Id .• I bid., p. 152, pI. ix. fig. 4. 
OpcrclLlilla complctllal" ClIWA OER, 1877 . Boll. R. com. Geol. D'rtal., p. 17, pl. fig. 22. 
Operculi,," eomplanala UOEBru , 1880. Foram. von Mauri Liu , p. 104. 
OpercuHn" comp/mlCll(l BRADY, 1 4. Report on Foram., II. hl. S. Oball enger, Zool.. vol. ix, p. 743. 

pI. cxii, figs. 3, 4, 5. 8. 
Opf)'clIlillCl comp/mwla WOODWARD and Trro)IAs. J885. Thirteentb Annual Report, Geol. aod Nat. 

lIisL. tlrv. Minn .. p. 17fl, p1. iv, fi g . 35. 

Lenticulites plrlllulata LAMK., Ann. du Mus. d'Hist. Nat. "Coquille lenticulaire, 

lisse et re semblant it une petite nummulite a centre un peu convexe des deux cotes, 

a cloisons courbe' et bombees dans Ie sen ' de l'accroissement de la coquille: elle 

est lis e, et l 'on voit extel'ieurement la form e des cloison. Largeur, deux lignes : 

epaisseur une demi-liglle." 
L. planulata. bell lenticular, smootb a nd resembl ing a little nummulite, with 

centre somewhat convex on both sides, partitions curved, swelled in the direction of 

growth of the hell . smooth, and the form of the partitions can be seen on the 

exterior. Width 2 lines, thickness i liue. 

L . c0117planata D EF. "Uette e pece a beaucoup de rapports avec la precedente: 

mais i1 est aise de la distinguel' par son grand aplatissement. On l'a trouvee a 
Anvers, pre de Pontoi e, a Dax, a Loiguan pre de Bordeaux, it Boutonnet pres de 

Montpellier, et en Halie dans les couches qui paroisseut appartenir au calcaire 

coq uillier grossier." 

L. comp{(/11((la DEF. This sp~cies very much re embles the preeeding, but is easily 

distinguisbed by its great Ratne. s. Found at Antwerp near Pontoise, Dax, Loignan 

near Bordeaux, Boutonnet near ~Ion tpelli er, and in Italy in the Calcail'e gross ier 

bed (which appeal' to belong to the Middle Eocene). 

LoC"UI!/. Mce ker cou nty and nOI'LheasLern Minne oLD.; South Ohicago, Illinois. 

OPERCULI NA COMPLANATA val'. GRANULOSA LeY1l1 erie. 

PLATE E. 1' !G. 3I'. 

Amp.ltistegin(ljlcur;ausid·ORIIIGNY,J826.Ann. ScLNaL vol vii p 301 No 7 (' I) ftd o l" 1 " . ,. , . Oel.me on y , e Heuss 
pC,.c~ ma. yrf o1lL ~~a, ~EYALEnll!:, 1846. Mem. , ac. Geol. France, ~er. 2, 1'01. i, p . 359, pI xii i fi 12 a . 

A"'p/HsteY'""jleltrtuUSIRElJSs, 1 61. SitzllDgsh. d . k. Ak. Wi . Wi en \'01 xliv 30 ~ g. , ,b. 
Operclt/~1IC! i, ... egularis Rl!:lJss. 1 64. Dcnksch r. d. k. Acael. Wi s. Wic~ voi xXiit /' pI. ~, figs. JO, 12. 
OpcrcIL/W(lY"""'L/CII(I Gr~!l3EL, 1868. Abhaodl. d. k. bayer. Akad. d. WiS~. II '(,f'"o, pI. I. ft~s.17. 18. 

. fig. JlI, a, b. ' , . 01. x, p. 663, pl. II, 

Ope"culm" var. gmm<iosa BRADY 1884. R enort on Foram IT M S Ob 11 . 
p'l. cxi i, figs. 6, 7, 9, JO. ., .. a cnger, Zool., vol. IX, p. 743, 

Ope)'culin" CO",!,/wwta var. granulosa WOODWARD and TnoNAS, 1885. Thirteenth Annual Report, 
Geol. and Nat. Rist. Surv. Minu., p. 175, pI. iv, fig. 36. 
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OpeTC1,tlina, ,granulosa, B, 12. a, h, c, "Cette petite operculine, que l'on trouve 

dans le8 memes gisements que la precedente, non, para.it devoir en etre separee. 

Elle est cOl1stamment plus petite; ses cloisons, qui 'e montrent enform anL un leger 

relief a la surface d u test i nfiniment mince qui renferme les spires, sont ici proportion­

uellement plus se tTees. Cette espece tres plate se compose de 3 a 4 tours de spire. 

Elle porte a sa surface, de chaque cote, un certain nombre de fines granulations qu i 

se troll vent irregllli erement distribuees sur les petites cotes eu relief qui correspond­

ent aux cloison::l interiellres. Ces poiuts sai llants, rares sur les derniers tours, 5e 

trouvent agglom eres au centre chez beaucoup d'i ndividus, Diametre,4 a 5 millim." 

Opel'c,lttina. gm nttlosa. B, 12 a, b, c. Th is little Opel'culina, wh ich is fouud in th e 

same layers as the preced ing (0. ammonea ), appea.rs to us worthy of separation, It 

is uniformly smaller; its partitions, which form a slight relief upon the surface of 

the very thin shell which encloses the whorls, are proport,ion ally more approximate. 

This species is very fl at, and is made up of 3 or 4 pirals. It carries on its surface 

on each side, a number of fine granulations, which are found irregul arly distributed 

upon the little elevcLtions which correspond to the interior partitions. These pro­

jecting points, scarce upon the last whorls, are fo und crowded towards the centre in 

many individu als. Dia,meter 4 to 5 mm. 

As there seems to be so me doubt and difknmce of opinion in regard to the species 

and variety, we will give in addition to the above description the generic diagnosis 

of H. B. Brady. 

"The test of the typi C<Ll Opel'cnlin({ i a thin complanate disk, composed of three 

or foul' broad convolutions sym metrically arranged and equally visible on both faces , 

The central portion of the disk i, usually omewhat thicker than t he outer whorl s, 

and not unfrequently almost umbonate : the earlier convolu tions are more or Ie .. 

embracing, the la ter whorl s evolute. The segments are u lla.lly very num erous, of 

gradually increasing size, ancl typically very short in the direction of growth. as 

compared with their width radially; they are for the most part procluced on a 

uniform plan, but near the finish are often irregular, both as to shape and size (P l. 

cxii, figs. 3, 4 aud 6, Rept. Foram. Challenger). The exteri or is sometim es smooth, 

but, more frequently, either the sutures 01' the surface of the chambers, or both, are 

ornamented with exogenous grauules, papill re or tubercles, which, as a r ul e, are 

more strongly developed near the centre than on the later whorls ; and in the small 

northern variety of the genus, the septal lines and periphery are di tinctly limbate. 

The general aperture is a straight or slightl y curved fissure at the inner margin of 

the final segment, close to the periphery of the previous convolution; but the test 

has freqnently also a number of secondary orifices, in the form of small circular 

l 1 
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pore on the face of t he terminal egment. The septa a re double, and the skeleton 

i. furni hed with a y tem of ('anal .. the general feat ures of which are analogou to 

that of NUlIll/lulites." 
Locf(lily. M~eker c'(lunty, ~linnesota. ,peclmens or Lhls "arieLy have been identified in t he Eocene 

at Jackson, MlssI.slppi. 

ub-Family 2, POLY TOMELLINh.;, 

NO 10 INA, d'Orbiguy. 

ONIONINA CAPRA Fichtel and Moll. Sp, 

P[,ATE E. FIG. :)5. 36 

NrlUtilll., .'Cllphf( FI(;II'fEL and MOLl" 1803. T_,L. Mlcr .. p. 10.;, pI. xix, figs. d-f. 
1\'011;011;11« .larmi d 'OHlJlO,",Y, 1 39. Foram. Cuba, p.6 . pI. vi, fij(. I~. 
l\'0I1ioll;'111."'})"" PA IIKEII anu JONES, 1860. Ano. nnd Ma~. ?<at. ITi l., ser. 3, vol. v, p. 102. o. 4. 
NOII;Ol1ill« {"menllf( nEt"s, J 63. null. Acad. Roy . Belg., ocr. 2. \':JI. xv, p. 156, pI. iii , figs . 47,48. 
Xonion;,.a .• caplta BIIAD\', 1 65. TaL. Bist. Tran ., Northd. and Durham, vol. I, p . 106, pI. x ii , figs. 

10, a, b. 
Po/y .• tomrl/(/ en.pa \'ur. (NoII;"nina) sea},IUI. PAnKEII and JONE , 1865. Pbil. Trans., vol. clv , p. 404, pI. 

xii', figs. 37, 38: pI. xvii, figs. 55, 56. 
NOIl;Olljll" .cap"" BIU-DY, 1 ~. Report on Foram ., IT. M. . Ohallenger, Zool., "01. ix, p. 730, pI. cix, 

tlRS. 14, 15 and 16? 

".'fe ta 'pirali involuta ubOyn,lis. utrinljue 111I!bilico im! resso parvo, lateribus 

mediocriter convexi. (minus quam in pnl'ceelente NOll. £aba, seel mag is quam ill 

e jllente J. crepidula): dorso ohtuso; articulis duo lecim cons picui , . ubelevati s, 

\;"('vihu': di. sepillleltlis n,ntrorsum metliocriter convexi, non omnibu. ex centro 

radiantibu~ . ~ed tribu ultimi parum extravagantibu ' ; plano orrt li oblongo-sub­

cordato COllvexo : ol'ificio (in pecim ine ob\>1o unico partim deb'ito) prillsumtive, nti 

in al ii 'imilibu, lineari parabolice arcuato.'· 

,hell piral, involute, uboval, sl ightly umb ilicate on both side, side moderately 

convex (Ie . than in the preceding N.frlba, bnt more t han in t he following N. crepi­

dulll), hack ohtu~e; with twelve con picuons chambers; ubelevate, mootb; par­

titions moderately COll vex anteriorly, not all radiating from t he centre, the last t hree 

a little eccentric; the plane of aperture oblong, . ubcordate, convex : apertu re (in 

'pecimen figured ' omewbat worn away) probably as in imilar specie, linear para­

holic arcuate. 

'l'be fo llowing cl cription will make the above more comprehen ible. 

"The test of .. Vollionill(l sfllpiln i of elongate oval contour, and more or less 

com pre . ed, the peculiar fo rm bei ng clue to the rap id illcrea e in size of the later 

!-iegm 11 s. This increase is not mere ly in t he length of t he chaml ers, but also in 

their Lhickn The peripheral edge of t he later portion of t he te t i obtuse or 

rounded, anel the expo.ed ceptal face of the finn,l . egment varies from oval to more 

or les .. cordate." BRADY, lor. cil. 
Locality. outh Chlca~:u, Iillno\,. 



CRE1'ACEOOS COCCOLITHS AND RI:lABDOLITIlS. 49 

III. COCCOLI'rHS and RHA BDOLITHS. 

PLAT ll E, F IG. I , 2. 

The nearest representative of the typical chalk of England and continental 

Europe with wh~ch we are fa milial', is found where the Cretaceous rocks are exposed 

along t he Upper Missouri and Niobrara rivers. Tt there formR bold bluffs for many 

miles, and t he name "Chalk " is very properly appl ied to it, from t he fact t hat, like 

the chalks of Europe, it is largely composed of Foraminifera and coccoliths to , 
which, ill t hese formations, is added the more recently discovered rhabdolith. It 

has long been known that European r,halk was largely composed of Foraminifera, 

but it is only of late years and with improved microscopes that attention ha ' been 

called t o these minute calcareous object~ now kuown as ,. coccoliths ", and yet more 

recently t hat t he " rhabdoliths" have been noticed. Ehrenberg fir t recognized 

coccolith ' associated with Foraminifera, as form ing an important con -tituent of 

chalk, and called them " morpho lites of chalk." The name b)' which t hey are now 

known was given lhem by Prof. Huxley in 1 58, who fo und them to be characteristic 

of many deejJ ·sea sediments. Dr. Wallich called them coccospheres. They have been 

carefully studied by Sorby, H~Lckel , Schm idt and many others, but none of them seem 

to know t hei r true na.ture or to be able to place them in any appropriate group. 

Of rhabdoli ths, Dr Geo. M. Dawson, in his valuable paper, " Foraminifem, Cocco­

li ths and Rhabdoli ths from the Oretaceous of Mani toba" (Canadian Naturalist, Ap ril , 

1874), wri tes as follows : " Rhabdoliths were first discovered by Dr. O. Schmid t in 

1872 (Ann. and Mag. Nat. !fist. , 1872), in the Adriatic 'ea, in association with cocco­

liths, with which they appeal' to be closely allied in structure and mode of increase. 

r do not know that they have heretofore been found in the fossil state. In samples 

of Cretaceoll s limestone from Manitoba and Nebraska both coccolith and rlmbdo­

liths are ab undant, and constitute indeed a considerable proportion of the substance 

of the rock. The r habdolitbs agree closely with t bose figured by Dr. Schmidt, and 

pass t hrougb nearl y t he same set of forms as those there represented . The cocco­

liths agree wit h those figured in the same place exactly, and also wit h tho e found 

in t he Englisb chalk and recent, eas. They are in a remarkably good state of 

preservation. Tbe ave rage diameter of tbe larger among tbem is about .003 milli­

meter, which agrees very nearly with those fuund in other places. Dr. Gllmbel 

bas discovered coccoliths in limestones of many fl.ges, and they appear, though so 

minute even in comparison with Foraminifera, to bave played no un importan t part 

in th e fixation of calcareous matter and t he building 11 p of the crnst of the earth." 

- 4 
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Coccolith' and l'habdolith" as oc iated with Foraminifera, abounded in most of 

ih Hoft l~r bH'eous lime tonI' from New Ulm, Minne 'ota, and some of the chalk rock 

\Va: mo. tly ('omposerl of them, and W~l' a lmo t ntirely free from 'and. 

I1EFEI'EXCI<;' '. 

I ~". [!lu/,y, J: 11. Tl"~p.,,'a S'''lIulinl!' In IllI' '\unh Atlantic Occun, between Jl'uland a~d N cw­
ruunlll;lncl, l11ilCh- in H. ~I , . C.Il·lup ,LIl'lIt"ll:InL Commander Josr.Jh Dayman , In .June 

an,1 Jllh', I· 5i. 
I hi • ..".rl/1" fl. r On th., ()r~ani(' Ori~ln or L1l1' ,'>-l'all,,1 .. Or)'stalloids" !If the Chalk. Ann. and 

~[i1~. at D bt .. ,,,'I'. :!, viii, pp. 19:1 200, wood rllb. 
I fi l lrallirjl, ri, C' RI'lIlork!'t 011 ... OIUt' 00"1'1 Pha"'l'~ uf OrKanic Life, and 00 t.he Boriog P()wers of 

lIIi11I1I.' An111'1I11-, at "r"ill n,'pth .. In 1 Ill' S('a. Ann. and Mag. Nat. IIi t . . " 1'. 3, viii. pp. 

G:! 5~. :{ WHo(l r\l L .... 
I Nl~. lI'tll/icil, n. C, Furth,'r Oh"'r\'i1t!on' 011 ",IIII' nov.·1 Phll'es or Orga ni c LiFe at great Deptbs 

In tlw Spa Ann. ancl ~lJI!. ;\at. 1l1,t., "'1'.:1, ix, pp. 30, 31. 
li:1, \l'III/M., r; , O. Fnrth"r Oh, .. rvallon- nil ,\rnI Pha \'iIlo,a anrl othcr inrligenou ' Rhizopods. 

Ann. and 1.. ~. Nat Il ls!., '"'1'.3, xl, fl· 445. 
f , If,uk)!, I: Ii . On ,"011' Orl(nnhm, 111'1111( aL GI'l'a~ D.'pLlJs in the Nort h A tlaotic Ocean . 

Qllurt. ,IIIlIrJI. ~lic. Soc', I ,PI1.:lO~ ~12. 
11\1. 111 Ono.""' , I~·. On thc' Depth of Llll'So,\' Ann. and ;lIal(. Nat. [[ist., SCI' . 4, iI', pp. 112- 124. 

I iO. 0, ",1,,1, r'. W \ 'nrlaulll!l' )lltlhellun~l'n libel' 'J'1.,rscc<chlamm. eucs Jahrbuch fur Min. , 

W'O, pp. 7,;:1 ,\17. 
I 70. ,~d",'i<ll, U. i hl'r Coccolithl'n unt! HlJah,lnlithl'n. Sltzungsb. riel' kais. A kat!. d . W. math. 

nalllrw, lxii, BII. Ahth , Inr I, II. 
1.72. '''mit/I, O. Oil Corcolltl" illlrl I1hahdnlllh" AIIII. and Mal(. Nat. Hist., SCI', 4, X, PI'· 3.;9-370, 

ph. Hi, Xl'll 
' l'rnn,lalloll Ii)' W. S. Dulla', I', L. S. 

1 i:!. liUlllllt1, C. }l r, CO('colitlH'1l flu f;Ul'SllJlU+·I~d. rehl"11 th'w 'l'icHecscl ilalUlu duJ' ha.)cris '1\ 'It 

Alp"II: Ullt"r,u"'Hln" dlehl"" "nlk,t,'l1h': Arll' lI clerOnlllh BildunK. N,'u"$ ,Ja ll rb ll c l, 
fur '1 111, 1~73 , Pl',:!\1~ :11).1 

l~i:l. /'I""" 011, " 11'. '1'he Ill'plh, II! Ih,' Sl'a, jlfl. O\I~ I t.), Il~'. ija, UI. 
pr:4. Ihlll' ;(H/, (,', .Jr. ~lItc 00 tllt' ()I'l'Urr"IlC"(, of }"'oraluinifl'ra, 'OCCOl1Lh~. dc., ill tlw OJ' 'taccolis 

Ho('k ... nf '(alliloha . Call. Nat., \li, pp. ::!!)~ 2.>1. 
I ifi. J)fW' nil, (;. Jr. HI'port fill tltl' (;l'ul(j~y :Illcl nr"'fltlr('l'~ of thr rl'gion in the vicinity or the 

I 'nrl),-nloth I'aralll'J , rrom Ihc' Lak,' of th .. Woods ((1 Lh~ Rock)' ;\louuta lns, p, O. 
Cn'tac''''"' anrl 'l"'rllar\, Rork, or 1111' \'i"lnit)' of th., Forty·ninth Parallel-Pembina Escarp-

1I11'I1t 10 ", ... 1 'lount:tin, in" hil'll III' 'til'- Ih,' liner part or the oCLer portion "f the rock 
I' "0"11""".1 ;tltll,,·t ,'ntlr"lr of Ih" ,'xtr,'m,'ly minute hodie which are included under the 
,,"llI'ml nam", C"fro/iI/,< Jud Rita/"IIl/iII.,. Thes!' are now known to belong to minutc 
lwla5lir Vi'j.!I' '\bll' flrgHni .... ms. 

,~,. Wallir" , ,I,' ('. On 11\1' trw' natllr<' "I till' ,I)·called " BaLhyhius," anc! its alleg d fllnction in 
till' . IItrlt I"u ot the ProloZllU. AOll. lind 1>la~. Nat. IIist., llP. 122-~39 . 

'\'1" iz, ,I. Thr,," Crul,,', ot th,' llIak." I. Bull. Mus. COUlp. Zool. xi\', p. 209, 

IV, HADIOLARlA, ETC. 

RADIOLARIA, .Huller. 

PtA TF: E, \'10' 3-ti 

.\ nord l' of Rhizopoda whirh po. 'e~,' a iliceous te 't, 01' , iliceou ' picule, a 
cCI~tral rap.-ulr, nlHI peculiar ye llow 01' brownish-yellow cell ', Among the Radio-

lana are gr at number of minute ant i heautiful organi ' m h ].. d' , . . ' w en I V1l1g, an III some 
fonnatlOl1S 111 their fosstl Ria,te, Til yare widely ditfu 'ed II I J ' . ~ ,ane lave leen cll ,'covel'ed 
111 nearly veryor:tn and ·ea. Ehrenberg found them at C 'b d' ux aven an 111 dl'edg-



Porircl'lL.l 
CRETACE OUS RADIOL AHTA . !il 

ings from t he Antarct ic sea'. Bail ey de cribes t hem from t he Atlanti c, Mll li er 

from the Med itelTane::l,!l ,. Iheck el from t he Adri a,t ic, Walli eb from the Tn diau ocean, 

a nd Carpenter :1nd other from deep-sea sou nd ing of t he No rth Atlantic. Th (' 

sili ceou ' hells of the /'ol!lcystillw (one of t he fam ili el; of the Harl iollLri a to whieh 

rno t of our pecimen belong) accum ul,Ltecl in t hi ck leposit.<; <lur ing the late t geo­

logical periods, and myriad of t heir exqui~ i te microscopical forms are fOllnL1 in 

ma ny of t he strata of icily, Greece, Bermuda, 13arbadoes, New Zealand, 'alifornia, 

and Virginia, and are now noted in t he 'retaceous of Dtinnesota, ehrask'L and 

Illinois. While 'omewh :1t a hundant in some of t he mater ial, which yielded it fe l\' 

good specime ns, t bey were mo t ly so frag ment:1ry t hat we will not attempt to 

describe or ident ify them, but b:1ve ti gured a fe w specimens. They occl1l"l'ed Jllo .. t 

abundan tly in t be Nebraska clay, but t he be t pre erved form ' were from a . ft 

dark· brown shale from near Rainy lake, nort bea tern Minne ota, and a fel\' fai r1y 

preserved specimens were secured from Calumet (Illinoi ) clay. 

PORIFERA . 

PLATE E. "' [G . . 1 7~::hl. 

Sponge ·p icn les. Ill ostly frag mentary, were qui Le frequenti n some of the sampl es 

of m a teri aJ from £vlinn esota and Nebraslm, huL t he spi culat ion of t he sponge yari es 

so greatly in t he same species and even in t he fla me co ll ectio ll , that \l" e will noL 

vent ure to place t hem. but have fi gured a few ·peci men. on pla,te E, I·i g~ . 17 ~9 . of 

which 24- 27 are probably of fre h water and the other::; of maxi ne origin . 

E CHINODERMATA. 

PLAT E E. b' IOS. :10-32. 

Many fragments of spine or pla,tes, probably of Echinodermata, well known 

marine a nimals, were found in some of the 'pecimens of clay from Nebta 'Im, 

specimens of which we have fig ured in plat e E, fi gs . 30-3~. 

MreCELLANEOOS. 

'l'he well-defined organism shown on pla te E, fi g . 10- 16, we do not recognize. 

Fig. 15 is apparent ly a lish's tooth . 
'01 al'ellaceoll case, looking I n the Chi cago clay there a re ome very CU rl 1 , c • 

<L ' if at orne time t hey had covered very mi nute rootlets, or other orgn.l1l m , 

which had decompo ed, lea ving t hese ca e , which clo::;e ly resemble rbi zocarps 

o r the ge nus A chemonella, as figured by H. B. Brady. 

" 
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L'I';~hlc or DlsLribll LIOIl. 

LT, T OF TIlE ~rrCRO"CO'plCORGAKl. Wl FOU'D IN TUE CRETACEOUS FROM j\UNNESO'l'A, 

t EBH.A KA AND ILL! OJ, DOW J '0 TITElIl DISTIUBUTION . 

FORAh!lNrFEU.A. 

Trocball.lminn iunatfl ]\fontllgu, 'p ...................• 1 
Textularia al!glul1nans d'OrbigllY .................. . 

., carinata dTlrblgny ........•... .. ......... 
•. gluhulusa Ehrc'nbl'rg .....•.....•......... 
•• turrls d'Orhigoy ................. .. ...... . 

,'piroplerta :\,ucricaua l.;brenbcrg .................... . 
Gl.ludrylu<I pl1poidl'h u'Oruil!ny ..................... . 
Yernpullina pyglll:.t'u Egger, 51) •...••• , •• ,., ••••.•••. 
BulillJina aillni. d'Orhlgol' .................. ... .. .. 

" !lupoid", d·Orhlgny ...................... .. 
I I~Uro,tolllelia ,ubnndos" Reuss .........•...•.•...•. ' 
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Other Oretaceous., 
CRETACEOUS FAUNA. 58 

OTIJE I:t CRETaCEOUS FO, ,IL, l X mN~ESOTA. 

In t,he .course of Lhe survey in different parLs of the ,tatc fossil, from the Cretaceous have heen 
found, so~~tlml~s ~bta l.ned from bed in outcrop, and ometimes from the dri fLo I n order hat' thi, volume 
mayttcon

l 
altO a t at I known of t he fau na of the Cretaceolls, so rar as referable to th stal<' Lhe'" 

ca cree c ata are pre ented herewith. ' , . ~:[r. J. n. Kloos reported t he ex i ' tencC' of tbe Cretac OtiS in Lhe • auk valley in 1 72, when' it \l'a, 
descllhed as lY Ing on .tb e Archean granites, but epa ratecl fl'om them by a layer of kaolin. Fossils round 
nea l. RIchmond were lden t lfied for hI III by Mr. F. B. Meek. They consisted of casts of l llocer,,,,,,," prob/e­
mattelLs, nnpress lon apparently of Ammonites percarinatus, cales of cycloid Ilghes, ancl a ,mall shark'R 
t ooth allIed to CO"ax or Galeu, •. Scaphites larvijo,.,nis, Ill' somc nearly ali iNI form, was also reco!!nizcd bl' 
sume draWIng sent MI'. Meele 'rhese fos il wel'e thougbt to be indicati "e of the Furt B'ntoll !!roup. 
Kloos al so reported Bawlltes f rom Noble cOll nty, and states thaLthe higheRL heds of Lhe CrrtaCC'ltlls s'rles 
probablyex l t to tbe soutbern part of tbe tate. 

Cretaceous outcrop uc de cri bed in tbe first and second annual rcpOI'ts. hn no rn, ,ils, except slIch 
as are m entIoned III t be report of Dr. L e quereux (foregOing), were namcd. 

In 1873, R ev. E. Alden presented t he sun-e), wiLb ome Cretaceous materials ohtained in sinking a 
well ncar Mal' hall, In L yon county, at 36 (cet below the urface. Along witb some hale and ligllit~ wcre 
t be f OS3 11s NuclLZa cancellata lit. and n ., and P lacentice)'as placenta D kay (sp), museum fO'!!ist I' number. 
22;9 and 2282, i ndicating t he Fort Pierre or F ox Ri lls g roup. The e were aid to bave hcen nbtall1L'd in n 
bed of" fossili l'erou cl ay." 

In 1880, Mr. Warren Upham co llected specimens of CretaCt'OUs fossils on the west bank of tIl<' It!i"is­
sippi river, "40 rods sout heasto f themouth of the Main Two ril'crs," in i\[orr ison county, which Ill'identi­
fied ( ee vol. ii , final report, p, 602) as M""gw'itana, very nCRI'll' allied La Jlf. neb)'wicellsis i\I. and n. , "from which 
'it differs in bal'ing no considerable depre ion or co rrugati on on the ide ," a Unio, probably U. ci,.wre M. 
and H., and Unio subspatt'latus M . and H. A socia ted with the e is a s alll of lignite, and a b'd of clay 
r esembling bauxite. H e also I'eports a perfect tootb of OlodlL,~ (lppelltliwlutlLs Ag., found on a sand -bar of 
Two rivers about a quarter f a mile above its moutb . 

In 1878, MI'. C, L. H errick fOllnd some Cretaceous Iimeston0 fragments, and rounded lillle.tonl' 
pebbles at lake Minnetonka in the drift. These contain fragments of the bone, plate', s 'ale< anti Leell' 
01' fish, anti impressions of some loollusks resembling Os/rea conaes/" Con., and of a ,mall shell that 
appears to be Necm'a ventl'icosa iII . and H. These are museum regi't r Nos. 5138 and 5 1 -!~ . The lillle,Loor 
apparently is from the Niobrara, but Nerera is not known from t his horizon, but from tbe Fox I l ills group. 

In 1884, i\Ir. S. F . Alberger, of ilIankato, wa using a ' iliccous Cretaceous conglonwrate to Ruppl.1" 
silica to clay which be employed for flre-Ilrick.t In th coa l's I' screenings wer fount! nUlllt'rous round(·d. 
I'ragments of corals and bmchiopoc1s. Favositoid, cyatbophylloi(]s and mas es of umorphou' chert wcrt' 
m ost llumerous. A. well preser ved Heliolites points to the existencl' of the Niagara a, a forlllation ablc Lo 
supply such g ravel to Lhe waters of tbe Cretaceous ocean in Lhat vicinity. Tlli fact goes with othrrs, 
m entioned in tbi s volume, to indi0ate t hat the Niagam of Iowa probably was connected oncr with that 01 

Man i toba. 
Prof. A. F. Bechdolt has fonnd from t ime to time, Cretaccou fossils in the l'iciniLy or Mankato, viz. 

a fisb-tooth in t he sand of the al lu viu m of L e Sueur river, a vcrtehm of a Ush, distinctly osseous, frolll fer­
rugi nous sand and gravel thrown out of a ditcb dug- for 'i ty waLeI'. This vertebra is blcollca"c anel an 
inch aod a half in length ancl an incb across the end' . '1'ho side, arll buttressed a if with remllant' (If 
processes. H e also reports the finci ing in a bank of clay fonuerl)' used for poLtery, on GI'nwood a\,., ){an­
kato, of a Dumber of pi ec~s of ball' limestone wi t.h InoceralulI< \'cry plainly marked upon them. 

In 1888 some Cretaceolls fossils were found by Lhe writ 'I' in an tlnorgani7.cd lOWllship In ll~dworJd 
coun ty (T.IJl, 38). 'l ' hese had been thrown out. (rom excavation, fOl' cellar" or in dig!!i ng ,wll·. 'rh~)' 
are roll etlm reg isl,er No ' , 6,42-15. The [frst is Scallhilcs nociosus val'. quacireO/gll lari., ~I. and 11 ., the ,ec­
ond [nocemlltus cripsii val'. bambini Norton, the th i rd is L!LCi11~1 ocrill""t~lis MarLon SF .. anel Lhe fou rth 
V ivipaTlls "aynoldsall us M . anti II , The first three arc Fort PICrrc 'PCCICS and tbe last IS known a' a 

specie of the Fort Union group. 

--.A Oretaceous ba~illill the Sa u\{ "all y, Mlnoesota: .J. fl . Kloos. 1\111 .Tour. 80(,1. (3). lIT. 17; 1872. . 
'1'11 Is I OCll,lity a.nd all Lil phonollle ll lL were dcsc l'ibed by 1\1 f. l\.1ons ~ub~l:l(IU 'nLly al J;t"ftJalc r length In Zeit. d. Gt's. C. El'd. 

zu B edln, Sd. xli , 1 77, ot whloh u. LI·l.LltsltlLI<.ll1 was plIbJlsu din I II 10th fln uun l roport or Lhe MlnnesOla ·;unTtJy. 

t rrblrteeut..b Anouu.1 Report, p.l44, 



T HE PALEON'fOLOGY OB' ~nN E O'fA. 
lOth l'T' ('rl~ l nCCO t1 q 

] 0 18 7, lIfr, II. Y. Winchell (jj,'ro\'ercd rdac,'ous ,hal,'s nnd lignite' (1 0 the Llttlc Fork, and on 
tlli' Bowstrlnl( (or Big Furk) rl\'l'r,' "lit !J~sldt's [h,' f()rall1i"if~rs alread)' d scribed by Messrs. Woodwa rd 
alld TluJJIHIS, lin fo __ i1 was hlo'lIliil,'d spcrl!ltall,l". Mr. Winchell IOpntlon, "cycloid !I,h sca les and othe r 
rossillfprow, ftIIlHlIIlS." 

A to ttlll l';hlward llxlf'nsioll of lhr Crclacpouo.; ea In ~finn sola, tb re is much reason to llPP sa 
that II ClI\'I'ft'd till' whol,' slall'. 10 the IIr,[ annual rl'purl of th' ~[inncsota slJrI'eyt att<' n t ion was 
I'all<'d to l'l'rtalu i1!(lIill" !llIti I(fI'cn cla.I' alJ(l ,tHlI .. , \\ hich ,'xist ill thc Grand Tra\'erse reg ion in the L ower 
P"lIin-ula or )li"'li!(an, whlo'h ~Ir .• \ , D. Whit<" of till' ) I ichll(an surre.l' of 1 60, did not I'c~nrd as belong­
in).!' L<> lIlI' drift tl"I""its \\ ilh whkh Ih,'.\' had IIsuail.1 IoCCII ('Iasscd. 10 IS'2, soOO afLor t he write r c OLered 
upun Ilw ~tirll1""'(Jta sun'''\ in(urrnalion \\;:t<.; sl'nt to him by Prof. Frank H . Bradley, of a memul'andum by 
)11'. Thnmas Danil'is, C. E:, lI1arl,' III l~ri5, IJllrpllrtinj( 10 clrceri!>!''' .. half-mil' out('rolJ of 'Eoc nl" fos il­
ill'ffjlh 1",(10, on till' :\I'nJa('(lgio rill'r in Wi"'nn,,in , abuut half WilY from t. Paul to Superi or c ity, and per­
hal'o.; thirty lIIil .. ~ ,·a ... t 01 a. "'lraig-hL hnp conlw('ting tho~p plrt.C'~:"t'" rrbi:s memorandulU wa~ scnL, at hi ~ 
1'I"I Il ,'st, III th,' late i'rof. R. n. Irving; but, asid!' from a hrler reference to it in tile Am ricno Journal o f 
Scil'nt''': therl' has bl'l'U !HI puhlish",1 notl' of rl'tac!'ous at Ihat poioL in Wiscollsin. In rev iewin g til 
days of th,' st:tt" of ~Iinll!'sota for brick-making, in 18s0,* all alliance was bown to ex ist bctween th 
"Ikulin,' hlul' cin.l's, l'I'f .. rahlt' to 1111' I' 'Lacl'lHIS Ingrcdil'nt In Ih"Ill, making on Imrning, a crea m-l'olo red 
brit'k, aIlcl Ih,' hll,,' 'Iril t-<'ia.l·s or Ih,' l'leinity of )!iIwaukool' whil'h al,,) make cr 'am-colored brick; and tbi 
allianl'!' was I houKht to point tu 1111' forml'r ,'xistt'lll'" (If a I 'r"tar','r,us area in the region north [I'o m Milwall­
h"" "!tClll'"I Ill' '''n)e ('rl'lacl'ous ingrl'<ii 'Ilt coulcl hn\'l' hel'n sIlJlpli,,<l to lile Milwaukee drift clay . A t 
Chicago, Dr. Edmund ,\ rl(lrl'w~ ba~ shown that Ill,' W(ll!lr d"rinxl rroll) t ill' Lill, on analysis, c nLains a 
grl':ttpr iI ... a1iOl'" inJIn'cJlt'nl than watpr from c\'CClIt cla,:.; or from Ih(' surface. rrhcrc i no D evo nian or 
'ilurlan _IIall' or l'iay Ihal is knl'" II to I", slIl'Ilarl(cri with alkaline 1'1~1Il"nts as thtl Creta(,eous h rls of th~ 

lIest III \\lti"'l lid, ,'If""t ('1111 ht' attrihuted. Qllile J't'('rnll.l' )11'. II. W. Thomas bas found, fj' staL~d by 
~res~r-. ""od\\ ani and Thoma .... In this vululIH'(p:lJ.(l· :1"'), Ilw samp ... pedes of Foraminifera, in IimiLcd llum­
h .. r" In til .. h"ulcler·I'liI.I ;II ChlciI!!", '''' aI" ,lIstrilltlled in till' bouldt'r-cla.l's throughout Minnesota, and 
"hleh i1f1' n'f,'rahlt, ,III" 'tly 10 Ih,' Crelal"'OIlS. La'tly, In studying the iron orcs of th" state of 1I[ione­
,"ta, ill I "H allrl 1 :j(), ,"'rtaln analogi," lI'el'l' naticN!. Ix,twe('n Ihe Cl'etaccous iron (Ires of ~Iinncsota and 
"ertain Iin"",ilit' urI" of WJ.,I'onsill, Illl.vinl( thclI) all tqI(I'Ult'r, ancl Illlinting to a commo n origin, th us 
l'xtl'ndillFC lhtl \\atl'rs o( till' Cret:H'poUS O('I~all u\"'r iL lar~t' :In-i.l In ('t~llLral Wisconsin . 

.\ ,,111'11 hsl a od 1111( nil tllt'''' i nllleati()ns (\\ h leh arc gil'pn lor what they may be worth ) thoro is !Jot 
y"t an], knn\\ n I"l~lllly, b"tll'ellll \[inllcsola anrl the C;rnnd 'fr,ll'crsc region of Michigan, where aoy actua l 
"UI('I'OII or 'u('h strata i~ known 
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PLATE F. 
PAOE. 

RECEl"fA CU LlTES OWEN! Hall. . .. ..... ..... .............. 57 
Tbe upper or inner surface of a large fragment. Mineola, Minneso ta. 
A portion of tbe und er surface of a pecimen in whicb tbe bead plates are sur· 

mounted by a knob·like projection. Twelve milessoutb of Cannon Falls, Minn. 
A small portion of a large specimen in wbi ch are shown twelve radiating c.anals 

in each dep re sion left by tbe sp iculal' bead plates. 
Anotber portion of tbe same specime n in whicb the cast of tbe rad iating canals 

are r~moved, leaving tbe clay fillin gs between tbe head plates serrated. Galena 
sbale nca r Fountain , Minll. ;lIione ota Geological Survey collection. 

1 CIJADlTES I OWEN ' IS Owen, sp. . .. . . . . ... .. .. . .. .. . . ......... . ............ . 
View of tho. under su rface and profile of tbe sa me spncimen, a natural cast of the 

space left between tbe vertical !"ays of tbe pi cules. Galena, Wasioja, Dodge 
co unty , Minn. Minnesota Geological Su rvey collection. 

TS(;n.\DITES KmNIOU Murchison .... . ....... . .... ............ . .............. . .... . 
" Tbe base of I schCtclites kamigii Murcbiso n, enlarged tbree times, sbow ing tbe 

eigb t diamond·sbaped ' pi cu lar plates of tbe nu cleus and tbe plat~s succeeding 
tbem, eacb baving a clea rly marked central pot, indicating tbe center of the 
"]licul e." (A fter Hinde.) 

"A portion of tbe latera l surface of a speCime n, e nl a rged four time , showing 
the exten ion of Qne or tbe bori zontal rays of each sp icule, from beneath the 
di tal angle of tbe co rrespod ing·summit plate, over the nmmit plate of the 
'picule in front of it . In the center of tbe ftgure are tbe modifi ed summit­
pia tes de veloped at tbe intercalati on of a fresh row of spicules." (After Hinde.) 

"Portion of tbe lateral areas of two speCimens, in whicb the surface summit­
plate bave di~appeared, sbowin!; tbe foUl" horizontal rays of independent 
sp icul es. Tbe rays a re often incompl ete, and tbey frequently ove rlap eacb 
othe r. Enlarged three times." (After Hinde.) 

LE1'IDO[,lTES Dl CKllAUTI Ulrich* .... . .......................... ... ....... . 
Surl'ac.c of a specimen x JO, sbowing the imbricating cbaracter of tbe bead plates. 
View of tbe inner side of the in te~umuotof anotber specimen, x Iv. Lower part 

of tbe Cincinnati grlJUP, Covington, Ky. Collection of E. O. Ulricb. 

ANQ)IALO, PONGIA RETlCULATA Ulricb ..... . .... . .... . ................. .. . . . .... . 
A com pre sed·conical fragment of the natural size. 
Surface of a well preserver! fragment x 18, sbowing tbe cbaracter and arrange· 

ment of the spicul es. 
Diagrammatic vi ew of one of the picu les x 18. Cincinnati group, Covington, 

Ky. Collection of E . O. U lri ch. 

Pul.Ul'FELLA FILOSA Ulricb ......... . .. . ....... . ..... .. .. .. .................. . .. . 
Yiew of an average speCimen of th e natural size. 
Small parts of tbe su rfa ce of two specimen x ~, sbowing variable appearance of 

the spicular networ k. lIlidclle third of t be Trenton shales, St. Paul, a nd Min. 
ncapoli s. Collection of E. O. Ul rich. 

RA UFFELLA PAL)[[PES Ulricb ... . .. . ..... . ............. ... . . ............ . 
Sm all specimell witb tbe radial leaves mostly broken away; natural size. Mid. 

elle third Ol tbe Trenton bal es, Minneapolis. Geological Survey collection. 
Surface (x 9) of a well presen'ed specimen in tbe collection of E. O. Ulrich . Shows 

the hi rsute appea rance of tbe exte rnal spicule layer. 

SOLENOPERA CO:1lPACTA Billings ... ... .... . ....... .. ...... . .... .. . . .......... . 
A fIgure of a small mass . Trenton shale near Cannon Falls, lInnn. Minnesota 

Geological Survcy collection. 
A longitlldinal and t ranRverse section x about 30. (After Nicbolson.) 
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CYLlNDHOC<ELlA MJNNE OTEN J Ulncb* ... . ................ 7 
A lUall specimen, covered in part by a bryozoan; uatura l s ize. A lso e nd v iew of 

same, show ing nUlll erou un eq ual canals. 
A l,lrge fragment baving canals of unus ual s ize; a nd a n end vi ew of the sam e; 

natural s ize. Upper part of the middle th ird of t be Trenton sbales, St. Paul , 
Mi nu. Collection of liJ. O. Ulrich . 

nETI~ IWSrONG lA SUB llA~[Q AO Ulrich. . ... . ... .... . .. . . . . . .... ... . .. . .. . . . ..... . .. iD 
A fragment of the natural s ize, d oubtfully referred to tbis species. Hudso n Ri vel' 

group, Spring Valley, Minn. Collection of E. O. Ulrich . 
\ 'er t ical and ta ngential sections, x 10. of a typ ical specimen from CinCinnati , O. 

IlIND IA l'A JWA Ulrich................. ... ...... . ............ . . . .................. 79 
'.r hrce specimen of tbis species, howing extremes in s ize so fa r observed . 
YerLical and ta ngenti al section x 10. Upper tbird of tbe '.rrenton sbate and 

Galena shales, Goodhue a nd Fi llmore counti e , Minn. Collection of E. O . 
Ulrich. 

L1CITENARrA TYPA, gen . ct. sp. nOI'. .... . ..................... .. ... . ....... ....... 83 
A large colony of t bi s spec ies grow i og upon a fragm ent of Callopol'a incont"ove"sa 

U lricb, x 2. 
A s mall colo ny in whicb one of tbe buds has grown in a manner suggesting 

Aulopora, x 5. 
A longitudinal s ct ion t hrough a la rge colony. Tre nton sh ales, Minneapolis, 

Minn. Unive rs ity of Minnesota collection. 
A small free mass of tb is species, of t he natural s ize, a nd a portion of the same x 3. 

The latter sbows at a, a nd in the space to tbe right, a pore passing from the 
parent tube into the base of the b ud s. Tbis fact is important in this that it 
indicates a relation hip of IJichena"ieL with tbe Aulopol'iellll, ra ther tban witb 
Colltlnnm'ia, where we bave placed the genus provisionally. Middle third of 
the Tl'cnton sba les, St. Paul, Minn. COllccLion of E. O. Ulricb. 

COLIDrNAluA U) l lALLI Nicholson ... . .. .. . . . .... . .. . .... _.. . . ... . .. .... .. . . ...... 5 
A portion of the surface, to show t he eptal ridge. Trenton shal es, St. (Jbarles, 

Minn. Minnesota Geolog ical Survey collection. 
Part of a vertica l section, enlarged five t imes, showing tbe tahul a3 . (Aftc r 

N icholso n.) 
Partof a transverse section , showing the amalgamation of the wall s of tbe co ral­

liLes and tbe marginal epta. (Aftel' Nicbolson.) 

STHEPTELASMA l'ROFllNDUM Owen. .. . . .. .. .. . . .. .. .. . . . . .... ... . . . . . . . . . . . . . 88 
V iew of a natural cast of tbe visceral cav ity, tbe usual mode or occurrence in the 

Trenton liruestone, Minneapolis, li nn. . 
An entire pecimen in wbicb a portion bas becn broken away to show tbe great 

depth of tbe body cavity . 
View of tbe vi sce ral cav ity, sbowing tbe tbree fossula3 and tbe co unLer septum. 

Base 0( tbe Upper Burr limestone, Mineral Poin t, Wisconsin. Minnesota Geo­
logical Survey collection . 

STBEl'TELAS~IA COHNrcULUM Hall .. . . . . ...... . . . ... .. . ... .. ... .. ........ .. ... . . . 
An exter ior view of a specimen broken so as to Sb'lW tbe d epth of the visceral 

cav ity . 
V iew of t he visceral cavity t o show tbe twisted nature of tbe septa. Galena 

shales, St. Paul, Minn. Minnesota Geological Survey collection. 

S'I'I!EI'TELASMA HlJSTlCU~r Billings .................... . ......... . ............ .. .. 
The exte rior of a n imperfect specimen. 
Yicw of tbe visceral cav ity, sbow ing a (listincL pseudocolulllella. Hudson River 

group, Granger, Minn. Minnesota Geolog ical Sllrvey collection . 

PRO rARAlA VETUSTA lIall, sp .. . . . . . ............... . ....................... .. . .. 
A colony of thi s species g ruwing on a frag ment of a strophomenoid shell. 
A portion of same, en la rged (j ve times, show ing tbe septal ridges . Hudso n Ri vc r 

g-roup, Spring Valley, lIlinn. Minnesota Geolog ical Survey coll ection. 

A lfLOPORA (0) TRENTONENSJ , n. sp .... . .... . . ...... . .. ..... ...... . ....... . .... . . . 
A rie w of a colo ny of this species; natural s ize. 
A por ti on of same enl a rged tb ree ti meso 
An unusually well preserved specime n gl'owing upon Batostoma winchelli U lrich , 

of tbe natural s ize and a portion x 3.5. Middle third of tbe Trenton sh ales, 
Minneapolis, lIlinn. Collection of E. O. Ul ri cb . 
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.. The dl'awlngs ror figu l'es 1 to 9 :\l'e by J\lr. UIr'lch. 
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OHAPTER III. 

SPONGES, GRAPTOLITES AND 
OORALS 

FRO~( THE 

LOWER SILURIAN OF MINNESOTA. 

BY N. U. WINOHELL AND O. SOHUOllERT. 

Sub-kingdom PORIFERA. 

Order I-IEXAOTINELLID~, :Schmidt. 

Sub-order L YSSAKIN A , Zittel. 

Family REOEP'l'AOULITID..E, Roemer .. r.. 

Dr. Hinde advances the theory that the sixth or summit ray of ordinary hex­

actinell id sponges has in the Receptaculitidce been modified so as to form character­

istic head-plates. He says (loc. cit., p. 830), "In no other hexactinellid sponge, so 

far as I am aware, are there any spicules with similarly constituted head-plates; In 

many, however, no sixth or summit ray is developed, but in some of the abnormal 

spicules of the Carboniferous sponge, Hyalostelia. slwith'ii-r Youug and Young, sp., the 

sixth ray is iu the form of a rounded knob. We have only to considm: th(l,t the 

sixth ray in the spicules of the Receptaculitidcl:!, instead of heing contracted to a knob 

merely, as in the Carboniferous sponge, has been developed in a horizontal direction, 

and by additions to its margins, has assumed the regular rhomboidal or hexagonal 

*Thc abo,'c sysLema.1,lc posltloll of t.be ReccptacHliticla; Is t.ha t o r Dr. Geol"Sto Jennings 1:1 inde. Students desiring to learn 
wore of the detailed stl'llc tUl'C of t.hese species and Lbal r al1lulLics 1,0 otbor hexacLlnellid sponges a.re ,'atorrcd to Dr', 1:1 inde's 
admlruble 1l101l0K I'1,qill .. On the Stru cture and Af:liniLies or ltho E'a.mlly of lobe RCct'.pl,acullltld,u. iuc illclll.lJ.:"' h01'oln Lho G~uel·a. 
Tsclladitcs. ~:1l1l'cld~on ('l'OLl'ago nis. Elohwald); Spha) l'os ponglu, Peugelly: AcuL1Lhocon h~, gell. nOv., and Hecoptnculites. 
1)0f"ILUCC," Qual'. Jour. Geol. Soc. London. Vo l. XL, pp. 705- 4S. 

In Nicholson a.nd Lydc kke l"s " Manuu.1 of Palruontology ", Appendix tAl Vo l. 1[. p. 15rnJ. we lca.rn t.hat. Lue Receplaculitidm 

~~{~~ )~'e9;g I~Yl!~~ll~.w)~1 ti~~l S~v~j~~~ ~tl1 ~b l ~~g~l~lt;~~ltl t~ n Sf~~~~l~~b~~~ ~~t .. l:lt!~/~<~~/I~ (~~! l~~~ll~1 ed~aUt~~I~e.I.1 L'l~OlR~~~!~~L~~}~f~ 
:fi~~~lg~, ,!!ll~.~~ ?~g~I~~I~JlI~ ~ru ~;~ ~~I ;~ign stg~t~)~e '~~~l ft~J;·I"~~Ll~~~t~';~;~;'I'~d<Ul~gelii~~~~l~LrUx~'n81g~~;:e;~~~ ~':;a UL\;~ i ~Il~~ 
systemat.lc position is still ent.lre ly uncel'tulu." 

tSee Oat. F oss, Sponges, Brll;lsb MU SO llTll , pl. 32, Og , J. 
;55) 
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figure by which it is adapted to fit in with the adjoining spicular plates to form au 

exterior layer to t he organi m. St rong confirmatory evidence of the theory tbat 

the summit plates of the spicules are modifications of the sixth ray in the ordiuary 

hexactinellid spicule, is afforded by the small blunted knob which projects iu the 

center of tbese ummit plates in tbe best preserved examples of Sphcerospongia, 

and t races of wbich are also pre ent in Acanthoconia. In these form ' we find the 

com mencement of tbe sixth or summ it ray in tbe small central knob, from whicb , 

as a centre, the plate is developed horizontally by successive marginal additions." 

A uew species of Receptaculites, seen in the collectiou of MI'. E. O. Ulrich, from 

the Lower Silurian near Knoxville, Tennessee, has the vertical ray of tile sp icules 

with two constrictions, one immediately below the head-plates, and tile other neal' 

the center of their length. 

RECEPTACULITES, Defrance. 

PLATE F. FIG .1-4. 

]827. Receptaculites, DEFRANCE. Dictionna il'c des Sciences Naturelles, t . 45, p. 5, atlas, pl. 68. 
I 59. R eceptaculites, SALTER. Ca nadian Organic Remains, dec. i, p . 4~. 
1860. R eceptaculites, EICIIWALD. Latham Ros ica, p. 427. 
1 63. R eceptaculites. HALL. Sixteenth Rep. N . Y. State Cab. Nat. His t ., p. 68. 
1865. R eceptaculites, (]lartim) BILLINGS. Palreowic Foss ils, vol. i, p. 378. 
1865. ReCel)taculites, (]lartim) BlLLING. Canadian Naturalist and Geolog i t , sec. ser., 1'01. ii , p. 184. 
] 868. Receptaculites, DAliE . Zeitscl1r. del' deutschen goo l. Gesellschaft, bd. xx, p. 483. 
1875. Receptaculites, GVblllEL. Abhandl. cler k. baye r. AI,ad. del' Wissensch. bel. xii , p. 170. 
1876. ReccptactLliles, Zl'l"1'EL. Handbuch ele r Pal'1JontologiQ, pp. 3, 727. 
1 O. Receptaculites, RO.1lEl<. Letham Palreozoica, p . 285. 
1 88~. R cceptar:ulites, HINDE. Quart. JOUI'. Geol. Soc. Lonclon , vo l. xl, p. 821. 
1 85. Recept(wulites, J,u[Es. J our. Cincinnati Soc. Nat. Hist. vol. viii, p. 163. 
1 9. Reccpt{lculites , NICIIOLSON. IIfanual or Palreontol gy, vol. i, p. liD, figs. 61a- 61d ; vol. ii , p. 1563. 
189 1. Recept«Cltlitcs, JAMES. Jour. Cinci nnati Soc. Nat. Hist. , vol. xiv, p . 60. 

Descl'iption.-" Cup or platter shaped bodies of considerable size, with walls of 

defiuitely arranged spicules. The outer surface is formed by the rhomboidal head ­

pl ates of the spicule.'; beneath these are the horizontal rays anc!robnst subcylin­

dri cal ver tical rays, which are connected with an inner layer or perforated plate. 

Communication with the exterior was carried on between the margins of the sum­

mit-plates of the spicules ou the outer surface, and througll the cylindrical canals of 

the inner surface layer, 01', according to Gii.mbel, through intermarginal canals. " 
(Hinde, lor:. cit.) 

According to .r ichol son, Ranft' cQncluc!es that " the Receptaculiticlce are spherical 

0 1' pyriform bodies, wi t h a central closed cavity, the supposed basin-shaped examples 

being only fragments of the hase." Receptaculites oweni Hall , is a platter-shaped 

. pecies attaining a great diameter; is widely distributed, and of common occur­

rence in the Galena formation throughout the Northwest. [n Minnesota, the 
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diameter of this species is from four to twelve incheR, and nearly every specimen 

obtained preserves the nucleus. Fragments are rare, but when secured prove 

to be portions not far removed from the nucleus. If R. oweni were originally a 

spherical or pyriform body, we should expect to find fragments of the upper 

portion, ::tnd these could be readily determined by the impression left by the 

bead-plates. Such parts have not been di , covered in the Northwest. Further, 

it is stated that "the genus I schadites agrees essentially with Receptaculile. in 

structure, but its skeletal elements are more slender." We fail to find an in­

ternal integument in Ischacl-ites, or the lateral extension of the vertical r:tys iu the 

"gastra.l " cavity ; th ey have been obser veel as terminating freely, and pointed at 

their extremities, in specimens of Ischaclites io wens'is, but apparently end blnntly in 

L epiclolites. It may be that the lateral extensioll of the vertical rays of the spicule. 

forming the upper integument in R. occidentalis and R. oweni served the same purpose 

as the large number of plates di scovered by Herr Bauff, closing the heretofore sup­

posed apical opening in Ischadites, i. e. for the regulation of the water cmreuts. These 

lateral extensions of the vertical rays of the upper surface in R. oweni are traversed 

by from. ten to twel ve ho1'i7.ontal ('.anals. 

RECEPTACU [,Tl'ES OWENI Hall. 

PLArrE Ii" . I1'I GS. 1-·1. 

1844. Goscinopo1'a sulcatct OWEN (non Goldfns). G olog icall'teport or Iowa, Wiscons in. and ll1illo i ~, 
p. 40, pl. 7, fig. 5. 

1861. R eceptaculites O'Iveni HALL. R eport of t he Sup · rin te ndcnt 01 t he Geolog' ical Snrl'ey ,,[ Wiscon -
s in, p. 13. 

1862. R ecelJtaculites oweni HALL. Geological Repol·t of Wiseon ' in , p. 46, fJg. 2, and p. 429. 
1868. R eceptaculites oweni MEEK and WORTfIEN . Geological SUI'vey of Illinois, vol. ii i, p . 302, pI. 2, fig. :1 . 
1882. R eceptctCulites owen·i WmTFIELD. Geology of Wiscons in , vol. iv, p. 239, pI. 10, fig. 7. 
1883. Receptaculites oweni HAL L. Twelfth Rep. State Geolog ist of Inc1ia na, p . 243, pl . 1, fig. I. 

1884 . Becellt(!cnW.es occiclen/ctlis (part im) HtNDE. Qual·t. J our. Geol. Soc. Lonc1on , vol. xl, p. 842. 

Origin(fl descript?:olt.-" Body consisting of a. broad expanded disc, from four to 

twelve inches I.even twenty inches I in width , a nd from one quarter to half an in ch 

I. ometimes 20 mm.1 in thi ckness (rarely a little thicker). Surface unelulating with an 

abrupt funnel- shapeel depression in the center of the upper .'ide I with a small Cb ni cal 

projection on the under sidel. from which the cell ro'ws [head-plates of the spi cules] 

radiate in curved lines. 

" Tbe thickness in the center is not mo re than olle~eighth of an inch. and at ::t 

distance of three or four inches from the center i less than ha.lf an inch: cell. ' rver­

tical rays of the .'picnles l cylindrical in the middle an 1 contracted both above a.nd 

below [from 1 to 3 mm. in diameter] , the walls of the cavities often showing trans­

verse stri rn, which appeal' like the remains of septa [since these cavities are casts of 
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the outer ide of the vertical rays of the spirules t.hey are not septa]. The distance 

of the cells [circular perforations of the matrix once occupied by the vertical rays of 

the spi r,ul esJ from each ot her is variabl e. those near the cente~' being closer together, 

though, in receding frolll the center, there are at intervals intercalated rows of cells, 

which take the same direction, and give the cells a closer arrangement towards the 

margin than in the intermediate 'pace before the intercalation of the add itional 

row-'. 'rhe aperture [i rnpre sion of head-plates 1 both above and below are essen­

t iall y rhornboiual [from 3 to 5 mm. in \\-idth I ; but in well preserved surfaces there 

are remain of ra,ys, which, however, are rarely observed: and I have not seen them 

on opposite sides of the same specimen," 

A small pecimen of this species from Goodhne county, Minnesota, has the lower 

surface pre erved a~ crystalline calcite, while all other portions of the sponge are 

mlSS1l1g. The ou tline of the plates cannot be determined, but their arraugement is 

well indica,ted by a seri es of knobs a,l'l'anged in quincunx . These were regarded at 

first as having been produced by the wearing away of the softer matrix surrounding 

t he crystalline calcite, usually filling the interior of the vertical rays of the spicules 

in Minnesota specimen. Upon grinding the specimen transversely to the surface, 

it was discovered that the vertical rays of the spicules are not present, and that only 

t he lower or outer surface of the sponge is preserved, We therefore conclude 

that each head-plate in this specimen had originally a central knob simi lar to those 

figured by Dr. Hinde in Splut'1'ospongia tesseUat(l, Phillips, sp.'·; In the latter these 

knob' are comparatively smaller than in ReceptClCltlites oweni Hall. 

The upper or iuner layer is never preserved entirely in Minnesota specimens of 

R. oweni, and we shall therefore give Dr. Hinde's description of this integument as it 

occurs in R. occiclentalis Sa.lter, a closely rela,ted species : " The vertica,l rays in this 

species of Receptaculites continue cylindrical to near their basal extremities, and then 

abruptly expand into horizontal plates. The e plate, have fonr straight sides, bnt 

at each of the com ers there is a semicircular O l' semi-elliptical vertical hollow. i' 
Each plate appears also to be traversed by four horizontal canals, which radiate 

from the center, where they are in connection with the canal of the vertical ray. 

* * * rrhese plates are int.iplately united together so as to form a contin nous 

inner or upper layer. '1'he delimitations of the separate plates in this layer are not 

al ways preserved ; in many specimens they appear to heLve been completely oblit­

erated, and the layer l'esembles a continuou ' pIette with numerous cylindr ical or 

elliptical canals which penetrate through it a t right angles" (loc. cit. p. 825). In 

many specimeus from Minnesota, the horizontal canals of the upper or inner layer 
*.Loc. c it. pI. 37. flg. Jb. 

01 1 H ljeljl:r Hj. u. un('N~tju.l~esl · th l.l.~lIlt.h CSO ver tical hollows Ot' pores d id Hot ol'iglmdl y ex ist. I n tho" gastl':d " wa 11. hut 1~I'e Lho I'esult 
os!:> zat 0 11 .t Cu O SOli ' :lllua.1 of Palooontology , vol. il . p. J5(4), 
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I loLw 0 11 Lho f'OIII' Jll'in eip:1.I c:tll:d s, whi ch so III to h:LV CO ll1nllll1i ':LLod w iLh r01l1' 

c il' ' ula,1' hol lowH, one siLu:I.Lori at; o:~ch :Lll g le of Lhe I'lloll1i>i(". Hpar' S, :LI'O Lwo oLhol' 

e:L ll a ls, (L lld Lh m;o :l. lso S 0111 Lo IIn,ve had OpOIl i I1 gs ill Lh U [l[l 0 1' slIl'f:teo. 111 other 

wonls, c:w h pl :tLo had o l' i /.{ i 11 :1.1 Iy Lw I vo Slnrd I HO I1l iei l"(;ul :Lr holl ows (;OIl1 I1lU n i c}~L i ng 

w i l h tw Iv hori7.o nL: Ji r;:L ll aIH j oillill g ill Lh (; II Lo l' w iLli 1, 11 0 vO I'Li ca l my . Wh el'o 

Lhe li ll in g uf Lll o SP:LGOH l)oLwQ II Lhe (':LIl:d s is 11 0(, pl'oso l' vod, LulJo l'eles (::t ll he H en 

di sLineLl y siLu:\Lod :LL oaeh :tll g lo o[ I,h o 1'1I (111 1)i(' ri OPl"llSH iol1 H, w i Lli Lwo, a lld o(:(:a­

sion:d ly oilly Oil pust ul IpLweo ll Lhell1 . 1\ long Lh ir odgo,; t,h pl :tLos :Lr !;opamted 

from :tcl.ioilling ono." lJy disLincL wa ll s. Th so w:d ls :LI' noL ft pOI'Lion o f Lho Hlcol LO ll , 

bil L :LI'O [01' ig ll llla,Ltel' w hiel l has acc il III II laLori hoLwu 11 I,ho !l1:ttoH, and has Illol'e or 

lesfl d isLIII'i> d t h il' ImLllml pOfl iLion . 

'I'hi s H[l Gios is kiloWIl Lhl'oughouL Lll e NO l' t hw HL :tS 1, 11 0 u:-. lln fl ow I' eoml ." " le:Ld 

f'o;;s i l," 01' NI!I!I'I!l ((Cltlitl's ol/JI' lI.i I I :dl. 'I'h o SJl Cil1l BOS [I'OIll Minn ;:ot .. al'o [rolll l im o­

sLono :tll d (':I,lr:: tl'ooliS II l l1d -~ Lon os, :Lnll ml'oly nceur as holl ow (";L~I,S, hil t eO ll ll ll olll y as 

ill l jll'OSB iow; o f' I,ll e skolol,on. 'I'ho vo r[,i(::d r:tYH :1,1'0 lill ed IIsu:d ly wit,h I'I'YHL:Ji l ili o 

ca lcite. 

Dr. lJind o, in t l'ea.L ing o [ fl , o('ciciPlIlalis Sal ter, ,t l1d N. fllUmi I i all , flU,YS: " 'I'li e 

xamp l f; f rom Illi noif; :Llld oL lieI' IV sLOl'n HL:LLes "1'0 usuall y of' ." 0 111 w lmL g l'o~tL I' 

di :L IIi Lor Lll f\ll LhoHe f'rOlll Lh S:L II IO lIori i\o ll ill Uall " da, hu t f'rOlit :t (;O IllPlLl'iHOIl 

oE specim ell s froll1 Lli eH tli/rer II I, pl:uj fl I :t lll 1I11 lLb io 1,0 deted :Lny elifreren 'es w lii ell 

~()llid justify regardill g Lhern :\S rli stincL Hpoei H. Their ox LOl'll a l aspoeL i s, howover, 

stl'ikill g ly rli ss il ili lar owing Lo Lli eir din' I' nL HLlttes of [oss i l im Lion " (lOI' . I'il. p. 84;» . 

On ,tecoonL o f' t il e g l'oatel' si ilo att:till od iJy N. olUeni, <~ ncl t he platefl of t ll o iml er sur­

fa (,o Imvi ng Lwellre e:w :Li s i lI eLond or f'OLIl', as ill H. occ i(hillf/-is, It cen t ra I knoh 011 a.c h 

liearl-plato of LitO spicil los Oil Lli o ouLel' slIrf,we of' t. ll e fo I'Ili 0 1', shou ld be Hllfli cienL to 

d isti ngllisJI Llli s spoei fl. 

j l'(JI ' III(f(ifJII nlld, lOl'ltlily , ' l 'ilrn lI IS IIfHI L ta l l' (;n,I\\ 11:I o r Mi llrWI'ulJiL, Wi S('O Il Kill , JOWll a llrl 1 11111 o i ~, SO llli ' 

o f 1/11 0 111 01'\' pl'lIll1int 'Ii L localll,\I'K :L1'f' : si x l~lil, ' s HouLIl 01' a llII O!! It'all s, I(I' II YO II , Mi neola , Ij'oull l,u, ill , llra r' 
1\1 ario ll , WaH i oh~, amI S l l'w(Ll' t,!'\ vlllt" MiIlIW~() I , a ; Du('orah a nd Ihl!) lIflt!! ', " owa ; (1I'l'(' 1I 1 ~a.Y I Wi ~{'o lJ s i ll ; 
la it' IHL :LllC i D lxolI, I II i llUiH, 

Oollcc/o,.".- Mi 8 Cora I ~. (100(1 1', 'N , JI. , t'o lll'llI,fLllfl (.I l!' Wl'iLt't'K 

N u". /( '!/ ' NOH. a:n5, "914 , 07 G8, 7:lfi 1, 77 14 772 1. 

:-lYNO I):-l IS Ott' J\ ~1Jl: l t I Cj\ N SI 'IW IIG:-l ()Ji' Itl ': ' I;;P' I')\ ' lJ IJI'l'j<;S. 

I I. A I W 'l'lC' tJH i!J'II/ f/'illyr. 

lH1H, /(u'/ '}JI (/('I/fift':i (In'lit'H,'' ";"' III r. H1 IHl J£, ('j,lllLrL .. JII III' , 0"01. Slit'. L (J IHI IIII, vo l xxiv, p, mn, 
1 88~. /(('I'( ll fIf Cu.liIl'!t U,1'1'Ii.eH," . J () N I~H, C:Llal oK'IH' I I' ()S~, II'onllll , Hl'il,iHIl ~ l lI HlI lIlIl, p, a, 
IHH'1. /(err' l)I(tf''''i/c,~ "''1'1;1'''8 II' NI)";. q ll :LI'L. ,1 0 11 1' . (: <:111 . SOl'. 1,(1 11 (10 11 , I'O\. xl, p. H,I:'. 
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1<. CALCIYERUS Billings. 

180:;. ](tcrp/"culi1~., cfllrijrnl8 HILLlNOR. Palreozoic Fo i1s, \"01. i, 1'.359, fig. 340; p. 3 4, fig. 35 . 
J8(j;j. jfrwp/rlll1lil" co/ei/erU)< BILLIXG . CanadiaD aturalistand Geologist, ec. ser. '~Ol. ii, p.I90, Og . 6. 
1 8~. RCCfP/(Jclllii's ralt-ijcML' IIINDE. Quart. Jour. Gcr,l. , or. LODdon , ,01. xl, p. 84~. 
This is the oldest known specie> or the genu,. 

PornialtJ.m (l1If1 Wrfllft".-Ca)c·lferoufO. formation : ;\Ilngull Jo.land ... Lower. I. Lawrenct~. 

I 84. J/w'plarli/iltH 1fiOYllnLWaris WALCm-l". ~fonograph U.,. Geologi<-al, Url'e.\", vol. viii, p. 65,1'1. 
11, fig. JI. 

Thi~ 'IJCci's is smaller tban R. Qt'cirJrn/ot;., Saltpr, and has hi' outer margin le\"ated, producing a 
"road, rJeep rj"prr',sifln in thp upp"r portion . 

I I'tln/wH/m (l1l"l"rIf Ht/l.,-1 l J)JH'r purt of ttl(' P01:onlp group <.:IiU7.Y group of Now ~'ork : Eureka and Whlt t· Pin dlstricL .... 
Nevada. 

H . ET>ONOA'I'US JValwtl. 

I 8-1. Recrp/Qr·uii/r., clollyatllfl WALCOTT. lonograpb U. ,'. Geological Sun'ey, \"01. viii , p. 66. 
A cylindro-conical species, witb a \"cry decp depr "Sion on the upper ide. The largest hearl·plate. 

or the spicule, ar" I 111111. in width by fll'e· ixth or J 10m. in length . 

FOMluullftl and "H',nllty.- L'ppel' part. of' t tH.' Pogonlp /oCfoup-C1JUzy J..:'T'OUp or New York: Eureka dl~trlct. a.nd In lli e 
l'llhralllt~al rafl~t.·1 Nf·,·a<la . 

JL ELLIPTlC S WrrZcotl . 

4. Ifcl'cp!(tC/l{j/I.~(lliplic!( .• WAL ·O'M' . Monog'raph U. '. Geological. urvey, vol. vii i, p. 67, pI. 11 , 
fig . 12. 

HcclUs to dilrer frolll R. eZongalllS in ha\"lng larger s picular head·plates. T he cu rved form a nd ell ip· 
tical tmllsvccsr' s"ction llIay b' due LO accidental causes. 

Ff'rllllltvm fl1l flI1j('.ait(1/.-l!pper par'l of the Pogoulp grOup- Ohazy group ot New York: Eu reka dl~Lrlct. NC\'a.da. 

It. OCCJDENTAI; 1 Snller. 

~1847. Rrccr)lac"li!" ?lCplUni HALL: (noll De fran ce) . Palmontology of New York, vol. i, p. 6 , pl. 24 , 
figs. 3a- 3d . 

';18[,:;. RcceplltCltiiles nepluni ElutONS. A.m eri can Geology, pt. ii , p. 230, pI. H , fig . 1. 
1859. RcccplflculitfJI occi(lentalis SAUrErL C,\nadian Organic Remains, d ec. i, p. 45, pI. la, f1gs. 1- 7. 
J863. RrrcptucUlites occitlentalis BILLINGS. Geology of Oanada, p.937. 
lR6,;. ){(Ct}Jlw.l1lite8 occidenlalis DI CLINOS. Pal:t'o7.0ic Fossils. vol. i, p . 381, figs. 354-356. 
J8(J;j. )tercpl"clll;tp~ ol·riden/ltl;. Drr.I.[NOs. Canadian Natural ist and Geo logist, sec. ser. , 1'01. ii , p . 

I 7, figs. 2-4. 
I. Re'·'p/f(rl(lite.~ Qr('i(lcll!lLlis HINDE . Qual' .. Jour. Geol. ,oc. L ondo n, 1'01. xl, p. 842, pI. 37, figs. 

:Ja-3m. 
Vcry silllilar to H. oweni, but it difTers in hal'illg a greater num ber of canals in tbe plates or 

I.he u PP"" 0" I n n ~I' '" rfacr ; al"o in the hearl-plates of t he ou ter 01' u ode .. SI1 rface havi ng prom i 0 'n teen tral 
kllolJs. 

/1'Orlllitf{,,1I (I/U/ Im'u/ill!. 'rr'o nl.OIl IIIiIeSLoIJ('; " IIUljlU' I,I f' 1{lLpldq, O.Lt'ILWI~ "'I\'C I', 'anad a,: LWO IIIl1e'i sOUl..h of Fllgll 
U,·l(hw. J({'IIL\w1cy; I~ncl HJIII'lJ'41e. Ponn~y l vnni:1. 

It, IN I'UN D1BUI...1 11"OrtM IR .ftl0((JH, .r.:p. 

IR:J2. CIlHci"opvr(t i?lj"'ti/ iuulijo,"rni., BATON. Geological ~'exL BOOk. 
I 6:J. Rpcepl{(tulile~ injundi1iltlijomtiiJ Jl AU •. Sixtee nth Rep. N. Y. State Cab. Nat. Rist., p. 67. 
J 83 . .Rerepto',,/ile .• i"j1tn r7iblilijonni.~ H AI.L . Second Ann . Rep. N. Y . State Geolog ist, pi. 23, fig . 10. 

~ 1 883. ReCcplacltlt/r's monliculatus IT AJ~ I> . Ibidem, 1'1. 23, figs. 3-9, II . 
I 87. RCNpl"r"r;lc .• inj'",r7ib,,'ijorrn;.s lI ALL. Pal ,l'ont(llogy of New York, 1'01. vi, p. 200, pI. 24, 

figs . :1-1I. 
A la rgor rlisk-hhaprcl s p"cies much lik R. occi<lelllalis. Thc sprri lll COf; to which t he name R. mont-i. 

'·ulalu.s has b'rn go!I'cn arr now rega rded by Prof. naIl as lhe you ng of t hi s ap c ie a nd sh ol1ld he 
('on tpar d with CrriMilcs Ilact!llioiile:J Owen, sp .,· of t ho N iagara g roup. 

lrurllJa.U()1I ttwl JAJrattlJj. - Lowcr II c ldorberg gl'OUI): " ,)ld crb I'~ I\1 tcl .. N w YOI'I<. 

·0001. fi llrv. "Ili inol .. , vo l. Ill , I) , (J45. pI. 6, Il gs. 20.-20; 1868. 
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It. BURSIFOR]US Hall. 

1863. R eceptaculites eatou'i HALL. Sixteenth R ep. N. Y. State Cab. Nat. Ri sL., pp. 68,226 (noL 
de.ftned). 

1883. Receptacnlites bll?"Sifonnis HALL. Second An n. Rep. N. Y . SLaLe Geolog is t, pI. 23, figs, 12-11. 
1887. Ischad;ites b"" sijormis HALL. Palroontology of New York, vol. vi, p. 291, pI. 24, ft gs. 12-14 . 

. Much like R . injuncliblLliformis in shape, bu t with la rger head-plates of t he sp icules t han in LhaL 
speCies. 

FOl'nwtion alld localitll.-Sohoha ric g r'l t; Alba.ny a.nd Schohadc counties , Now York. 

R. ? SAOCULUS H all. 

1879. R eceptaculites saccullLS HALL. Transactions Albany In tiLUte, vo!. x. 
1882. R eceptaculites sacculus HALL. Eleventh Rep. State Geolog ist of Indiana, p. 222, pI. 1, fi g. 5. 
Probably this fo s il does not belong to t he R eceptacul-iticv e. Its nature cannot be determined from 

the description and figure g i ven. 

Format:ion cmd Locatitll.-Niaga.l'u. gl'OUp ; Waldt'oD j Ind iana. 

It. ? lNSULARIS Billings. 

1866. R eceptaculites ?insulw'is BILLINGS. Catalogue Silurian Foss . Antico' t i, p. 29. 
J8M. R eceptcLCulites?insuia?-is HrnDE. Quart. Jour. G 01. Soc. Loodon, vol. xl, p. 8~6. 
"Probably belongstoa quite di stioct group " (R ind e) . 

'i'oruwtionaw£LoooUljJ.-AnLicos Lt g "oup : Anticos t i. 

n.O ELE GANTU LUS Billin!!s. 

J865. R eceptawlites ?eleg(",tulus Ba.LLNG:> l'a lmowic 1<'oss il ', \·O!. i, p. 300, fig'. 347. 
1884. R eceptaculites ?elegCtllt!<lus HINDE. QlIal'L . .) 0 "1'. Geol. S ,c. London, 1'01. xl , p. 846. 
This does Dot belong to the R eceptcuflLlit·iilce. 

li'Ol'tnctUOIL CtlldLoec,IitIJ.-Oalc iforo tl s fOl'ma. Llou ; Mll.lgan ls l:Lll ci::;, Lowe.' 't o Lawrence. 

R.? DEVONJCUS Whitfielil. 

1882. R eceptaCllHtes ilevoniclLS Wu n'FIELD. Annals New York Acad . Sci. , vol. ii , p. 19 
1890. R ecepUtClLlites C!evonicus WUTTFffiLD. Ibid em, 1'01. x, p . 519, pI. Yi , fig. 10. 
Probably an l schailites. 

FOI'mation anc1looolity.-CorlllterollS or Ohio. 

ISCHADITES, Jl1!t1"chison emende Hinde. 

PLATE 1'. 1'1G~. 5-10. 

J839. Ischailites, JIIIu HCIDSON . Siluria, p. 697 . 
1842. Tetmgon'is, ErCEIWALD. Urwelt Russlands, hft. ii , p. 81. 
1852. SelenoiC!es, OWEN. Geological Survey of WisconSin , I owa, and ~1inD esota, p. 586. 
1859. Dictyo(JI'imLS , HALL . P alreoDtology of New Yorl(, vol. iii , p. 135. 
1865. R ecepUtcul'ites, (partim), BILLINGS. Pal alozo ic Foss il s, vol. i, p. 378. 
1884. I sclwwites , RINDE. Qnart. Jour. Geol. Soc. Lond oD, yol. xl, p. 810. 

The followin g description is somewhat condensed from Dr. Hinde's detailed 

diagnosis of this genus (lac. cit. p. Bll): "Outer form variable. The prevalent forms 

are ovate or biconvex ; depressed conical ; subspherical and pyriform. Base either 

obtusely conical, flattened or concave. Summit usually obtusely conical ; rarely 

with a small central elevation. A ~mall circular perforation is present in the center 

of the summit which opens into the originally hollow cavity of the body. [According 

to Herr Raufl, this opening is closed by a large <Lnd variable number of plates.] 
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" The structure consists of spicules of various dimensions, regularly arranged in 

vertical and oblique rows, and held in position by the interlocking of their summit­

plate and horizontal rays. Head-plates of the spi nules delicate structures with 

smooth, flattened outer surfaces, thickest in the central portion where they connect 

with the horizontal rays, and gradually diminishing towards the margins, which are 

very thin. They have a generally rhomboidal outlin e, but in some parts of the speci­

men two of the 'ides of the rhomboids are not uniformly straight, but have a sligbt 

cu rve, which gives the plates the form of a ector of a circle. Another modification 

is frequently, if not invariabl.y, present in the spicul ar-plates of the basal portion, 

which have their a ngles, or those directed away from the ba al nucleus, either trun­

cate or with a slight notch, from which one of the horizontal rays projects and 

extends nearly to the center of the plate immediately in front. The plates forming 

the ba al nucleu are also more elongated than any others. The plates neal' the 

nucleus, as well as tho e of the nucleus itself, are relatively small, but they 

quickly increase in size towards the zonal area, where they attain their great­

est dimensions (2 to 4 mm.); they then gradually diminish in size towards the 

summit, n,nd the small e't plates surrounding the summit-aperture are scarcely dis­

t ingui shable without 01, lens, measuring 1'1'0111 .25 to .4 mm . in width, 01' n,bout one­

tenth of the diameter of the zonal plate::;. 

"Head-plates arrange 1 in regular sp il' ::L l cunres which, stn, rting in opposite lil'ec­

tions from the ba 'al nucleus and extending to tbe summit, give to the surface the 

exact appearance of the engine-turned ca e of a watch. Each rhomboidal plate is 

so arranged that one of its angles points to the basal nucleus, and its opposite angle 

to the summit of the specimen, whilst tbe other angles are lateral, so that the distal 

angle of one plate is in contact with the proximal angle of the plate immediately 

ill front of it. Thus vertical liues extendiug from the base to summit would pass 

through the proximal aud dista,l angles of the plates, whilst conceutric lines would 

pass through the lateral augles. At the nucleus, 01' center of the base, there is a 

series of eight minute spicules with diamond-shaped head-plates, which are so 

arranged as to form a star-shaped figure, the distal angles of each plate representing 

one of the rays of the star, and a line connecting the bteral angles would trace a 

small circle, with the proximal angles of the plates for its center. 

., As a rule the margins of the plates appear to fit closely and evenly to each 

other, but in ,'ome cases the upper or front margins seem to be sl ightly elevated as if 

they imbricated over tbe lower or hind margins of tbe spieular plates immediately 

in front, and left a small intermediate space now fill ed with the matrix. That the 

plates, or at least those of the lower portion of ihe organism, did not fit so closely as 
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to exclude the passage of water from the exterior to the interior cavity of the organ­

ism, is shown by the fact that one of the hori zontal spicnlar rays projects from under­

neath the distant angle of each of the plates and extends over t he outer Ul'face of 

the plate in frunt, thus clearly preventing a close-fitting union at the margins, and, 

further, the ridges, which characterize the outer surface of the casts of specimens, 

are produced by the infilling of the matrix in the inten;paces between the margins 

of the plates. 

"These summit- or head-plates appear to b ave been connected by a somewhat 

narrow neck to the horizonta~ rays of the spicules at the central point of i unction 

with these and the vertical rays, as the h@rizontal rays appear to be independent 

except at their central junction. As a rule, the head-plates are seldom pre 'erved in 

situ. 

" The surface of the fosijil immediately beneath the rhom boidal sp icular plates 

is divided into minute oblong rectangular areas by verti cal 'and concentric line .. 

'rhese lines are formed by the apposition of the horizontal spicular arms or rays. 

The spicules, in addition to the head-plate, consist of five ray, : foul' extended in a 

hori zontal direction, at r ight a,ngles to each other, whilst the Ii fth extend ' from the 

junction of the foUl' with the summit-plate towards the inter ior 0 [' t he organi.' lll , ~Lnd 

t llUS at right angles to the horizontal rays. The spicllia r rays are circll iar in tralJ::!­

verse section, thickest at their central point, of jllnction with each other and t he 

head-plate, and they gradnally taper to bluntly-pointed extremities lIn Jscltadites 

iowensis they are needle-shaped]. Canals present in the interior of the rays. The 

vertical or entering ray appears to be the longest, the lateral rays are subeqllal, 

whilst t he distal ray, or that pointing to the summit o{ the specimen, seems to be 

longer than the ..opposite or proximal ray. 

" The foUl' horizontal rays are so arranged that each ra,y extends toward::; one of 

the angles of the head-plate of the spicule. 'l'hllS one ray, the proximal, points to 

the basal nucleus, and its opposite, the distal, to th e summit. This distal ray in t he 

basal portion of the organism frequently projects beyond the margin of the spicular 

head, and overlies the head-plate of the spicnle immediately in fron t or above it. 

" The vertical rays of the spicules, which extend at right angles to the summit­

plates and the horizontal rays, are ouly seeu when the interior of the specimens is 

exposed by fracture or by sect ion. They a,ppeal: as delicate, gradually tapering 

shafts, the extremities of which are pointed, aud reach about half way to t he center 

of the interior cavity, where they terminate freely. An interior plate or integllment 

correspouding to that in Receptacnlites has not been observed. 

" The genus Ischadites itself has, by several writers, been regarded as identical 
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with Receptacnlites, but though similar in its main structural features to this latter 

genus, it is sufficiently characterized by its conical or ovate form, inclosing a central 

cavity, with a small summit apert ure, and by the absence of an inner layer. From 

Sphcerospongia, Pengelly, it is distinguished by the rhomboidal form of the spicular 

plates, and the development of vertical spicular rays; and from Acanthochollirt by its 

conical ovate form and central cavity." 
Dictyocrinus was at first doubtfully placed among the Crinoidea. Later, however 

Prof. Hall referred the type species to Receptaculites and then to Isc/tadites. 

I SOHADITES IOWENSIS Owen, sp. 

PLATE F, It'LGS. n. G. 

18#. Orbitolit.sntic"Zata OWEN. Geological R.epor t, Iowa, W isconsin, andllli nois, pI. 18, lig. 7. 
1852. Sele1wirles iOlOens;s OW"EN. Geolog ical Survey of Wisconsin, Iowa, a Del M iDD e ota, p. 587, pI. 

2B, fig . 13. 
I. 61. n Lceplrtc"liIe.< Se/clioi les ;010.110 HALL. Report of t,he Superintendent of the Geological Survey 

of Wisco nsin, p . 14. 
j 61. R ecept(lcl<iitesj""Yo."", H .\LL. Ibid em, p. 15. 
1 6J. n Lcq,tacllliles gZobuZw·e HALL. Ibidem, p. 16. 
1865. Rccel,lw:,,/itLs iowellsis BILLTNG . . Pa1a:>ozo ic Fuss il :; , vul, i, p. 385, fig. 364. 
1 65. RCLepl(Wlliilcs inwcnsis BILLlNGS. Cllnac1ian NaLUmlist a nd Geologis t, see. sc r. , 1'01. ii , p. l!ll, 

fig. ]J. 
·?l8B. ReCelJtuClLlilts ylo/",l'.,.is MEEK aucl WOHl'IIEN. Gcolog ical SU I" Vl.>Y 0 1' Illinois, 1'01. i ii , p. ;j0\. 

pI. 2, Ogs. 2a, 2b. 
186. Receptaculites, sp? MEEK and WOR'fJrEN. Ibidem, p. 301, pI. 2, figs . l a, l b . 
1884. ]scl",d·iles kren;gii (partim) HIl>.T])E. Qual" . JOUI·. Geol. Soc. Lo ndon, 1'01. xl, p. 836. 

Original description.-" One side flatly dome-shaped, the other ring-shaped, 

enclos ing an umbil ieus or central depression. Small rhomboidal cell s opening on 

t he surface in cur ved rows, intersecting in arches; the cells gradually increasing JU 

size from the inner margin to the periphery." (Owen, 1852.) 

Sponge depressed sub-globo e, globose or ·ub-turbinate ; base more or less con­

cave. Greatest width near the base, which vari e>; in diameter from 18 mm. to 70 

mm.; hight of the largest and most sub·t urbinate fo rm, 35 mm.; the usual size met 

with is about 50 mm. in diameter, witb a hight of 20 mm. Summit aperture obser ved 

in two examI les: one 9 mm., the other 14 mm. in widtb. This aperture was prob­

ably closed by a number of small plates. Read-plates of the spicules not preserved. 

Spaces formerly occupied by tbem arranged in spiral curves starting in opposite 

directions from the nucleus, and extending to the. ummit. They enlarge as they 

recede from the nucleus to the zona.l region, t hence become narrower and more 

elongated tran~versely, closely compacted, and constantly diminishing in size towards 

the summit. The proximal and di tal rays of the hori zontal rays are usually absent, 

while the preserved lateral rays give the surface in the upper portion of the internal 

cast a distinct series of encircling lines. N ear the periphery, traces have been 
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observed of one or: the hori zontal rays of a spicule extending beyon.d t he distal 

angle of its summit-plate over that of the one immediately in front. Vertical rays 

of spicules subcylindrical, about 15 mm. in length. 

The above synonomy and Receptaculites ohioensis Hall and Whitfi eld, R. sub­

tll1'binatus Hall, and R.jonesi Billiugs, Dr. Hinde regard' as embraciD g but a single 

species, I schaciites kceni,qii Murchison . R . ohioensis and R. subtltrbinatus ft re from the 

Niagara, group of Ohio and Indiaua; the first dift'ers in the comparatively large head­

ph.tes ftnd in its strongly convex base, while the latter has much larger head plates 

on the sides than I schadites iowensis. R. jones i ag l.'ep,s with Ischaclites iowensis in form 

but as it is from a later geo logical horizon , we prefer to retain the. pecies, partic­

ularly since we have no examples for comparison. I schaclites iowensio is con 'tantly 

more 01' less strongly concave, never con ical, and but rarely flattened on i ts under side. 

It attains a larger size and has comparatively smaller head-plates than I. kceni,qii. 

Since these features are constant in I. io'Wensis, we deem it sufficient ground to retain 

t hi s species as distinct from that form. 

All the specimens of I. iowensis from Minnesota, seen by the writers, are de­

pressed sub-globose, never sub-tlll'binate. I. fungoslts Hall might I e recognlzed as a 

good variety, were it not that both forms have been found lying with the umbili cated 

side downwards within a foot of each other, in the side of ft cliff at Decorah, Iowa. 

FO'l'mation anclloeMity.-Galena format ion of Iowa, Wiscons in , aod Miooeso ta. Tn ~[jnn e ota, t his 
pecies is usuall y obtained from the lower porti on of the Galena; some local it ies are s ix a nd tweh' mil es 

south of Ca nnon Falls in Goodhue county, and Wasioja , Dodge county. Mr. F. W. i')al'de on informs t he 
writers that be obta ined this 'pecies ill the Hudson R iver or Cincinoa t i group , nm", Spring Vall ey , 
1Ili 0 oesota. 

MUll . R eg. Nos. 5839, 6760, 7250. 

SYNOPSIS OF AMERICAN SPECIES OF ISCHADITES. 

1. CYA'l'HfFOIDn Hall. 

1847. - eyath'ijO'l'rnis HAT"L. Palmontology of New Yo rl" vol. i, p. 72, pI. 25, Og . 6a- 6c. 
Closely I'elated to 1. iowensis. 
l?orm(lti()II and locality.-Trento n limestone ; Oarli s le. Pennsyh'a.nla,. 

I. CLRCULA lUS E'IIJ:mons. 

1885. ReceptaCILlites ci?·CItl,,,·is E~DIONS . Ameri ca n Geology, pt. ii , p. 230, Hg. 82. 
1891. R eceptawl'ites ci?'cll/m'is JA~IES. J our. Cinci noati Soc. Nat. Hist., vol. xiv, p. 63. 

Tbis. pecies mal' be identi cal with 1. l owensis, but tbe spicular head plate cern to be large r . 

IJ'm'maUOII (llld, lncaUt".- Loraiue shales; New Y ork. 

1. JONESJ Billings. 

1865. ReceptcLCulites jO?lesi BILLING S. Pal reowic Foss ils, vol. i, p. 389, fi g. a65. 
1865. ReceptacuHtesjonesi BILLINGS. Canadian N aturalistaod Geolog ist, ec. SOl' . vol. ii , p. 191, fig. 12 
1884 . l sc/wclites krel1iyii (pa r t im) HINDE . Qua rt. J OtII' . Geol. Soc. L ondon, vol. xl , p. 836. 

See remarks on th is species under 1. iowensis. 

li'orlllaLiol1 allO lOc{fliL".- Lowcl' lJeldcl'berg group; ape Gasp6, 

- f\ 
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I. sQ,lJAM IFlm Hall . 

1859. Di:lYOt'l'i>'''~ .<![lwmijc,· HALL. Pah~ontology of New 101'1" vol. ii i, p. 135, pl. 7A, tlgs. 11 , 13. 
~. ReccptaclIlilessqu((mij'cr HALL. Second Ann . Rep. N. Y. State Geologist, pI. 23, fig . I, 2. 
7. lsclwc/itcs s!{uamijcl' HALL. Paht'onLology of New YorK, vol. vi, p. 29 1, pl. 24, figs. 1,2. 

F'UI'IIIatiCJ1I oml Loc(llity.-Lower T:Ielderherg:; S"hoh:lI'i{', Nl~\\ YOl'k. 

1. TE!l"ELT~ATUS Win chell and Mm·c!I. 

1861. R cce))faClLliles inf,mclill!llllllt HA1~L. Report of ,he SllpNintenclent of tlw Geoll ,gical ;iul'I'ey 
of Wisconsin , p. IG. 

66. /schacli/cs Icssclla ills WINcnELL and MARl',. ~ I ClllOirs Boslon Soc. "'at. Hist ., Vlll. i, p. 8", 
pl. 2, fig.3. 

I 67. l"ehadile~ Ic •• dZa/lls HALL. Twentieth Bep. N. )'. StaLe Oah. Nat. LIist ., J!p . 390, 395. 
1810. Recepl(lclllitesjo)'mO~l<s MEE1' and WOH·I'lIEN. Proc. Acad . Nat. Sci. Pb iladelph ia, sec. SCI' vol 

xiv, p. 22. 
1875. Brcel'tacuUtcsfol'lllOSIIS ,,[gEl, aocl WOIl'l'llEN. Geolog ical Su rvey of l ll inois, 1'01. iv, p. 500, pl. 

24, fig. 1. 
I 75. ! sc/w cWcs tcssellaills Gl'il.IDE>L. Abha ndl. del'. k. bayer. AkHCI. del' Wissensch., b(l. xi i, p. 40. 
I 4. r..c/wcliles t(.'sel/a/lls H INDE. Quart. J nI·. Geol. , oc. London, \'01. xl, p.839. 
'l'llC peHr~.baped [orlll and Lbe larg sp icular head·plates readily epa rate this from all othcr Amer­

ican sp ci s of the genu ' , cxcept I. ca,,«elensis Billings, which will probably prove to be a synonym . 

FO/'/IIfltiOJl a1lfllo('aLUII.-Nlagal'a.ltmt!~tolle: 11 a ,)" ChtCII~O, ltlinoi::;, ;\,n<i Ra.c ine, Wisconsin. 

1. C,\~ADENSIS Billings. 

I 63. [sehaditcs ceOlack"sis BILLINOS. Geology of Oanada, p. 309, t1g. 313, and p. ~21 (noLdescribedl. 
I 65. R ecclltaeu/iles canCldensis BILLINGS. Pahl'ozoic Fossils, Yol. i, p. 384, fig. 362 (noL descr ibed). 
1865 . Rcccl'£ctculi/c.s {'ct?l(tclensis BILLrNGS. Oanadian Naturalist and Gcologist, sec. scI'. vol. ii , p. 191, 

Og. 10. 
1880. Re('{'l)t(lcllliIC.~ cmlCeelclIsis RO~1E 11. Letha'a Pula'ozo ica, p. 289. 

4. Recep£ctcuWes 'cctllaelcllsis HINDE. Qmll't . .TOll r. Geol. Soc. Lo ndon, 1'01. xl, p. 8H. 
Probably idenLical with I. lesscllatll.~, in wb ich ca e th is name will bave precedence, prov ided, how­

e,'er, tbat a figure without a description is regarded as sullicient for estahlisb ing a spccies. 

"'ormation «nrllol'tltity.-Ningara lime-stone; to\\ n:,blp of Ec::qlleslng. Onta.1'lo, Canada . 

T. SUBTUnmKA'l'US Hall. 

1863. B cceptaclLlile. subllll'bin"tu> HALL . Transaction Albany Institut.e, vol. iv, p. 224. 
1879. Rcccplceculitcs .'ublul'bina!lls HALL. Twent,y-eigh('h Rep. N. Y. ,tate ?lins. Nat. H isL. , p . ]03, 

pI. 3, 6gs. ] - 3. 
t 2. R (cel'l<tClIlites sllbtUl'billCltuS HALL. Eleventh Rcp. State Geologist of Ind ia na, p. 221, pI. 2, 

figs. 1- 3. 
1884. ! se/wdiles ku'nif/ii (partim) H INDE. Quart. J am. Geol. Soc. London, 1'01. xl, p. 836. 
This Sl ecies is regard ed as a ynonym of!. kr"nigii by H inde (rl'. ('it.). 
FornlClliOIi (utu loclI lity.-Ningara ~ ... oup: Waldron. ]ndl:lIHL 

1. lTEM IRl'II ImlCUS H all. 

l 61. Hect)ltaculites hem;,ph"'icurn JIALL. Report of the Superintendent of tlw Geological Surl'ey 
of \v iscon in, p. 16. 

1875. R eceplaculites o/tioenltis 1J"\L I~ and WlIITFlgLD. Pal,eontology or Ohio, vol. ii, p. ]23, pl. 6, fig. ] . 
1882. Receplaculites hemi"l'/wl'icum WilI'I'FIELD. Geo logy or W isconsin, vol. iv, p.269, pI. 13, fig. 4. 
1884. ! schaelie,s k(enigii (partim) ilINDE. Quart. Jour. Geol. t;oc. Londo n , vol. xl, p . 836. 
This is al 0 rega rd ed as a synonym of I. kcclligii by D r. IIinde. 
FOI'matioll olld localill/.-Nhlf!<1I"l..llrue!; tou€" ; Rllcioe lind Wa.ukcsha. Wis('onsiu, and ,Tellow SJ) I'i nA's . Ohio . 

. "'S ince lhis species wa~ fl\.'COUlpa.uie(\ by tL pOOl' d05l: I'ipLio lL, alld \\ ithout li gu l'e:--. we PI'crcr LO use the naille 1. lu8ellatus 
fOl' I~. DJ' nind e (O)), cit . p. 839) !:lays regarding R. lllfullriil,ululII. ,. in the absence of fig:llJ'CS , mCrO \'cl'l.ml d CSC l'ipLh:tn, like 
!lull s, of tbe r~..,slIg of thlsgl'ollJ) is quite insuf11c1enL fOl'llI e I'cco~ultton or !'-pecies. Ulare pa. I,t..Ic ulal'l y wil en the ch n. I'acterof 
Lbe fossil Is so Iittio ullderstood by 1 he aulbol' tha.L be !'egul'cls Lila ba.se of lha rassil as Us S U Ii1ruit , and ril'e l1CnlO." M eck and 
Wo!'t.hen (GcoI.SUl'Voy of I llinois, vol. Iii, }).302) u.i;;o ~my t ll:Lt.lhcy we l'o nn:1.1)le to Identify "several a ll ie<l (OI'IIlS Ld ready 
named and descrlbNl rl'om tb ese rocl{s, aud not yel fi g lll'C'cl ." 
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LEPIDOLlTES, Ulrich.* 

P f .. ATE ii', LI' [G', 11.12, 

1879. Lepiclolites, ULRICH. Jour. Cincinnati Soc. Nat. Rist., vol. ii, p. 20. 
1885. I schacliles. JA~IES . Ibidem, vol. viii . p. 10;{. 
1891. R eceptac!tUtes, JAMES. Ibidem, vol. xiv. p. 00. 
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Lepidolites is closely related to Ischadites. but possesses a few features that wi ll not 

allow it at predent to be regarded as synonymous with t he latte r. The spicnhLr 

head-plates in Ischadites Dr. Hinde (op. cit. p. 812) describes as follows: ., A a rule 

the margi ns of the plates appear to fi t closely and evenly to each other so as not to 

leave any interspace between their edges, but in some cases the upper or front mar­

gins seem to be 81 ightly elevat.ed as if they imbricate lover t he lower or hind margins 

of the spicular plates immed iately in fron t, and left a Rmall intermediate 'pace, now 

filled with the matrix:. " The head-plates in Lepidolites are very thin, strongly 

imbricating and wavy along their edges. While these sponges are more or less 

distorted , this overlapping character of the plates cannot be ascr ibed to pressure. 

Again, in Ischadites the head-plates increase in diameter from the nucleus to the 

zonal region, and then decrease in size toward,' the summi t, but in L epidolites, they 

graduall.Y become larger from the center of t he base to the upper portion of the 

sponge. 'rhe vertical or fifth ray of the spicules in Lepidolites is very short and 

terminates bluntly, while in Iscltadites it is long and !':leader, graduall y tapering and 

terminating in a point. This ray (the fifth) does not project free into the cavity, but • 

lies flat and directed down ward, with neighboring ones side by side, so that the 

result of the arrangement is an imbrication comparable with narrow shingles. 

L. DIOKHAUTI Ulrich, 

1879. Lepidoliles ctick/wIla OLRlcn. JOUl'. CinC innati Soc. Nat. Hi SL" vol. ii , p. 21, pI. 7, figs. Ji- l7b. 
1879. LepicloWese!ol1gatlls ULRlCH. Ibidem, p. 22, pI. 7, fig. 16. 
1885. Lsc/wcliles dickhcwU JA}IES. Jour. Cincinnati Soc. Nat. f[j st., 1'01. viii , p. 165. 
189 1. R eceptaculites dickhcwtiJA.'[ES. I bidem, vol. xiv, p. 63. 
MI'. U lri ch agrees that the name L . elongatl<s i superOu ous. 

I"Ol'lJIatif)n cmc.L (m;ality.-Olnci nuaLi group; OOVio.gLOIl, h':onillOky. 

CERIONIT E;S, Meek and Worthen. 

1868. Gerionites, lIIEI':" and Wo R'I'II EN. Geolog ical Survey of Illinois. vol. iii , p. 346. 
Type Lwwlitcs? dactylioicles OW]'N. 

C. DACTYLIOIDES Owen, sp. 

1844. Lmt,,/ites ! cla('ti%icles OWEN. Geolog ica l Report Iowa, Wisconsin and Illinois, p. 69, pI. 13, l1g. 4. 
1868. Gerionites (Pilsceolus?) clactylioicWs MIlEK and WORTITI':N. Geological Survey of 1Ilino is, vol. iii , 

p. 346, pI. 5, fig, 2. 
1884. Ge1'iollites dCtCtyloic/es WfIITFIELD. Geology of Wisconsi n, vol. iv , p. 267, pI. 13, figs. 1- 3. 

lI"'o/,waLioli u/I(ll()oolitJ), - Nlngam limestollo: Ca n ol! county, IHinOls, a nd WllukO!-lhn., Wisconsin. 

-"We are indebt.ed to MI' , U Jricb tor tbe opportu ult.y or tudytng Ids type lilfl.t,erial. 

-I 
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lAnoIlHt.lospongill. 

Pasceolus Billings (Geological Survey of Canada; Report. of Progress for 1857, 

p.342), ma.y helong to the Rece-pfaculilidce, hut we are unable to give a definite opinion 

regarding it ystematic position. 

ANOMALOSPONGIA, nov. nom . 

o THE STRUC'rURE A JD SYSTEMA'l'IC POSITION OF "ANOMALOIDES," AND 

A PROPOSAL TO CHANGE THE NAME TO ANOMALOSPONGIA. 

BY E. O. ULRICH. 

The name Anomaloides reticulafus was proposed by me in 1878 in my first contri­

bution to paleontologic science (Jour. Cin. ~oc. Nat. Rist., vol. i, p. 92). Viewed as 

a first eifort, some of the errors contained in that paper may be excnsed, especially 

since none of them are very bad, and the worst not entirely my fault, as J hope to 

how in a paper to be pu bli hed soon. One error, that in the construction of the 

name Anumaloides, wa pointed out by Mr. S. A. Miller (North Amer. Geo1. and Pal.. 

p. 224,1889). J acknowledge the justice of his criticism, and although similarly con­

structed name, are allowed to stand, I think it best, now that the nat.ure of the fossil 

is determiQed, to change the name. I propose therefore to use Anomalospongia 

in tead. The new name retains the principal part of the original designation, and 

the ending spongia denominates the class to which the fossil belongs. Nor is Anom­

rrlospollgin at all inappropriate, for the specimens now so named are, as will appear 

later on, still to be regarded as anomalou . 

'£he original specimens, 35 in number, were all fragments, some large, most of 

them small, and all found within a space a few feet square in the middle beds of the 

Cincinnati frroup at Covington, Kentucky. Further search at the same spot resulted 

in a few more fragments, all of them small, and, like many of the originals, C011-

siderablyobscured by the adhering clayey matrix. For ten years these specimens 

remained in my cabinet without further examination, I having been under the im­

pression that their structure bad been determined as far as the specimen! at hand 

would admit. At last, after the possibility of other affinities than lvith Echinodermata 

was sugge ted, a re-examination was detel'mined upon. This time I began with the 

fragments that in my original study were cast aside because of the obscuring matrix. 

Raving some experience in cleaning fossils in that condition I succeeded in freeing 

several fragments of their cla,yey investment. The result was most gratifying, since 

the cleaned surface showed nnquestionably a layer of overlapping spicule rays, prov­

ing the fossil to belong to the Spongida ~nd not to the Eohinodermata. 
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Natllrally enough, my fi r' t suppo ·ition Wfl,S t hat t hese horizontal :rays wo uld 

prove foUl' in llumber. as in Receptrrculites and re lated genera, and it was not ti ll I 

began to study the enlarged drawing of the su rface (here reprod uced in fig. 14, on 

plate F), which 1 drew at once under the camera lucida. This figure is not diagral11-

nmtical, but represents the parts just ,tS t hey appeared to me in the micro.'cope. As 

. hown in figure 14, we have on ly th ree instead of four ho rizontal rays- a troublesome 

fact, because it ob liges llS in t he preseut state of ou r knowledge to refer Anomrrlo­

spol1gia to t he incei'lCt' secles amoug t he sponges. Had four horizontal ntys been pres­

ent we m ight have overlooked certain other peculiaritie' and placed t he genus with 

t he ReceptuculitidCl', but t hat can scarce ly be recommended now, since it would neces­

sitate too great an expansion of t he characters of that fam ily. 

Before entering upou a discuss ion of the relations of t he genus to the Recept((Clt­

Wielce and other organisms, I shall offer the following diagnosis of t he genus and 

remarks upon the only known spec ies : 

ANOMALOSPONGIA., n. gen. 

Proposed instead of Anomaloides, Ulrich , 1878, J oumal Cincinnati Society of N,Ltural 

History, vol. i, p. 92. 

Sponge hollow, ? obconical, t hat being the shape of the most comp lete of the 

frag mentary .' pecimens at hand; t he wall ;; consistiug of definitely arranged spicular 

elements. Spi cules fo ur-rayed. with a small , knob-like. summ it, probably to be 

regarded as an undeveloped fifth ray; one of them (the vertical) thick and strong, sub­

cyliudrical or club-:;haped, its iuuer extrem ity po iuted, the outer rouuded, and pro­

du(;ed centrally in to a neck-like pro longation from which three very de licate rays 

spread horizontally. Vertical rays arranged '0 as to be perpendicular to the surface 

a nd each in contact, yet not organically un ited, with six of its neighbors; leav ing, 

usually, a small inter:;tice at t he angle ' of .iunction, ,wd t he pointed inner extremity . 

free. Ho ri zo ntal my:; th in, long, taper ing toward their extremities, interwoven and 

overlapping each other t hree or fuur times; each tliv ided longitudinally by a strongly 

impressed groove, causing t hem to appear do ubl e: open meshes between these rays 

normally of t riangular shape. Comm unication betweeu t he interior and exterior 

carried on, apparently, t hrough the snuLli inte r",tices left between t he ,tdjoining ver­

t ical rays. 

The complete fo rm of A n01ll ctio ides retiClt/a.l lIs or, as it should now be called, Anoma­

lospongia retic!tZata, is doubtful. Ilfmay have been conical, as suggested in t he above 

description, with the base po inted and top open. Bllt it is also possible t hat it was, 
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as [ believed originally, perhaps triradiate, with a central ojJening, as in BJ'achio­

pOl1gia. either view is npported by positive evidence, so that for the present it 

eem best to leave that point entirely open. 
Two of the specimens are depressed-conical 1U form, one about 50 mm. in 

length. the other only 22 mm. rf he larger is 20 mm. wide at the large end, its mar­

gins nearly parallel ill the upper half and converging rapidly in the lower half. The 

extreme end may have been closed and pointed, but as both specimens are defective 

here, it would not be safe to assume that it was. Indeed, it is perhaps just as likely 

tha,t a small opening existed in the extremity. The smaller specimen is very nearly 

a duplicate of the lower balf of the larger. 
The relative length a1ld el i position of the three horizontal rays are probably 

pecific peculiarities, hence a re mentioned in the generic diagnosis merely in a gen­

era l way. In A. 1'eticuTata they have a definite form and arrangement, in part, very 

likely controll ed by the fLrrangement of the vertical rays. The latter form straight 

or curved transverse and diagonally intersecti ng rows, generally very regular, and 

when the horizontal rays are remov!ld by attrition (seemingly a common occurrence) 

they appear as sub-hexagonal rounded knobs, in most r.ases with ten or eleven in 5 mm. 

transver ·ely. In three fragments, otherwise apparently identical with the others, 

the parts are small er, and in these there are thirteen in that space. Their length, 

and consequently the thickness of the sponge, i ' r.ommonly about 2.7 mm., but varies 

between the observed extremes of 2.0 and 3.4 mm . 

Since working out the nature of the fossil and it spicular elements, I can detect 

more or less clear evidences of the horizontal rays on most of the specimens.* In 

many the exposed rounded end of the vertical ray preserves a triradiate impression 

of the horizontal rays. In others the rays themselves are preserved but so much 

pressed that tbeir exteusion beyond the impres~ed boundary line between the verti­

cal rays is not to be made out. In the best preserved fragments. however, their 

entire extent, overlapping. and general construction. is shown iu as clear a manner 

as can be hoped for in such delicate structures. From the last specimens. a small 

portion of the surface of one of wbich is represented by fig. 14. it appears that one 

of the horizontal ray is a trifle longer than the other two rays. It is also the one 

most prominent and oftenest seen, fLnd overlaps except near its extrem ity. rr his may · 

be called the longitudinal ray. since it li es parallel witb the leng[;h of the conical 

specimen . . while the two others are oblique. When the surface is partly obscured 

by adhering matrix. the first ray alone is likely to be seen clearly. Viewed through 

"These I'emains of th e horif.Ollt.ai rays were noticed by me tn Lhe lila wOl'k on the species, but. t.heir· lla.iul'e wa IIIlsln­
l Ol'pre ted bec1l.use of my erroneous belief that. the affinities or tbe foss ils wore to be sought tal' among the Echinodermata. 
~I:~l ~~l~~~~ :~~,~:~~.~ IlL In tho Ol'!g!ual dosorlpt.lon tbat tbere I~ ":t minuto pit on th e Lop tor t.he al't.lcu lation ot two vel'Y fine 
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a glass of low power, e, peciaJly in a tiicle light, the 'Llrface of such specimens appears 

to be stricLteLl lougitudinally. But when the su rface is perfectly clean th e obliqLle 

rays are to be seen dipping Llnder the 10LlgitLlClinalrays. 

We now come to the consideration or one of the most peculiar featLlre' of 

Ano'lnalospon,r;ia, namely. the duplex character of tho horizontal rays. Ea,ch is in 

fact divided into two suhcylindrical equal part · by a ~h[Lrply impres.'ed central 

groove, extending from the central uode to their dista,1 extremiti e. ·. rt is not pos­

sible that the. e grooves (thele is one Oil both the upper etnd lower side.' of the rays) 

can have resulted from preSSLlre. because the condition is too uniform. And I have 

detected no sign whatever of fractures that would neces arily have resLl lted from pres­

sure. Nor can I see how a cylindrical ray witb a large axial canal. such as we would 

be obl iged to assume iu that case, could be compressed so as to become eynally 

grooved on both the upper and lower side . No, after viewing the matter from 

all sides. I see no other way than to accept the ev idence as presented by tbe . peci­

mens. After that I believe we are warranted in assuming (I) that tbe duplex char­

acter is a pecLlliar form of bifurcation . (2) that the a,xial canal is small and (3) 

dividiug at the node, ran independently up each half of the ray. A diagrammatic 

representation of the parts is given in the accompallying cut (fig. 1). 

Fig. 1, a, diagrammatic representation (If tile inner part of the horizontal rays of a spicule of Allo­
nl.a/ospol1giCl retictl/at(l , showing the supposed bifurcation of the rays and axiRI canals. band c, 
highly magnified top and side "i ews of a surface spicule of a rc ccnt liLhistid sponge. (Gnl·nUi.<te .• 
mic')'olubcl'cu/Clt".< Seh 1\1 irl L.) 

Tbe spouge W,tS probalJly originally siliceoLls. but the specimens as now pre­

served are crystalline calcite. 

As regards the systematic position of .ri.llomalospongill the Receptrtculitidce are 

deserving of first consideration; not so mLlch becau 'e of a closeness of relationship 

as that "Anomaloicles" bas been referred to that fe'tmily. indeed. a certain author bas 

been indi creet enough to place tbat name among the synonyms of Receptaculites! 

The first essential of the Receptllculitidll' are the rhomboidal or hexagonal summit 

plate'. wh icll have been regarderl by ]I i ncle (see quotation ante p. 55) perhaps cor­

rectly, as modifi e(l sp icule rays. 

In Ano1naiospongill the abortive fifth ray is red uced precisely as in some hexac­

t inellid sponges, to a mere knob, anrl therefore compares no nearer with the summit 
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plates of the Receplacltlitidcl' tban does tbe knob-like sixtb ray sometimes seen in 

Hyaiosleiirr smithii Young andloung, 'p .. and unt li ttle better tban in the numerou" 

sponges in which the ummit ray is wanting entirely. On the \\"hole it compares 

best with the coudition commonly presented by the surface sp icules of litb ist.id 

ponge . (See fig.lb aud c.) 

'rhe next point to be compared is the horizontal rays. A fundamental difference 

is at once evident in thi . that in the Receplaculilidw there a,re fonr of thern arranged 

at right angles so a to form quadmngular interspaces; wbile in Ano111rrlospollgi(( 

there are only three, with the interspaces triangular. ] n the Becept(lculitid((', too. 

the horizontal ray,; overla.p not at all or only sparingly. and when they do the over­

lapping extremities lie side by side and parallel with each other, and not, as in 

AnomaLospollgia, over each other. In the latter the crossing and interweaving of the 

ray is a marked feature, and not even approximated by the condition' prevailing 

in the Receplaculitid(('. As regards their duplex character in Anomalospongia it suf­

fi ce to i:Ly that nothing of the kind is knowu in any of the Receptaculitid((' . 

The vertica.l or eutering ray of Anomalospongia is on the whole very similar to 

tha.t ray in Receptarulile , but even more like tbat in Ischadiles, and, if true relation­

ship exi. ts between tbem, it. is here that we find it expressed with much greater 

obviousuess than in any other feature held in common by them. Still , even here 

some important differences are apparent. In Isc /wdite , which as said presents the 

greatest re emblance to Anomalospollgia, and therefore alone need be compared, the 

vertical rays are entirely separate from each other, and project freely into the 

central cavity, the continuity of the wall ueing formed in part by contact between 

the horizontal rays, but mainly by the overlapping summit plates. In A. 1'eticul((ta, 

Oil tile contrary, each vertical ray is in contact, normally, with six of its neighbors, 

'0 that the ta.sk of maintaining the shape of the sponge, was performed cbiefly by 

tlli s part of the spicules. 
Other point of difference are noticed in the uniform size and in the a.rrangement 

of the spicular elements of Anomalospongia when compared with the true Receplrlcu­

liiiehe.·:·:· In the latter they are small at the uucleus and increase gradually in size to 

the periphery ; with the arrangement in regular curvedintersecting lines closely simu­

lating a common tyle of engraving on wa,tch cases. In AnoJ11((Zospongia, however, 

the piece ' are of nearly the same size on all parts, and the arrangement that merely 

which would result from placing equal hexagonal pieces in contact with ea.ch other 

on all side. 

A feature in which Ano1n(lZospongill agrees with Receptaculites, but not more so 

than with otb er very different sponges (Geodia c{(lVala Hinde), is the peculiar neck-like 

Recel:~~~ /~t~~.lI cabl e 1.0 S I}(tT()~pulloia, Pe ll ~c l1y. whil'1l It. seems to 1I1e ha" Iii tie claim 10 assoc:!a.tlou ill t.h e same farolly with 
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constriction of tbe vertical ray immediately beneath the horizontal rays. This is 

relatively greater in Anomalospongia than in any otber form known to me. 

To re 'ume: we bave among the differences ( I ) the total absence of summit 

plates, (2) three in~tead of foul' borizontid spicular rays, (3) the duplex clmracte r, and 

(4) the interweaving of the borizontal rays. (5) t he contact between t be clu b· 'ba ped 

vertical rays, and (6) the uniform size and d ifferent arrangement of t he spicule!:;. 

Opposed to these we have a!:; points of :1greement, t 1) t he 1'01'111 and comparatively 

large size of the verticfl,l or ente ring ray, (2) its a rra ngement in the sponge-wall per­

pendicula,1' to t he ::;mface, and (3) t be po session of relatively. mall hori zonta l mys. 

'rhis co nci. e statement of tbe puints of likenesi-l and of difference is I believe 

sufficient to show tbat AllIJmnlospongia c:1nnot be placed in the same family with 

ReceptrlCu lites. Still. I am satisfied that real relationship. however remote, ex ists 

between tbem. As 1 now view the matter it seems ad vi::;able to introduce a new 

order for the reception of the Receptoculitida', Altomalospongirt, and also Amphispongil/, 

Salter; the relations between the last two seeming to be, as I will endeavor to . how 

presently, closer t ban might be suspected from a casual comparison. 

The new order would be strictly paleozoic, and, excepting a few forms that Ul· ... 

vived into the Devonian and possibly later, would be eSl:;entia ll y Silurian. It would 

therefore comprise only early types that, in common with nearly every class of 

animals represented in paleozoic times. may be call ed comprehensive becau e they 

combine character ' which in more recent times became 'eparately developed and 

diagnostic of now widely different groups of genera and fam ilies. Perhaps the most 

striking diver. ity in these re pects, shown by the forms in question. is the difJerence 

in the number of hOl'izontall'ays pertaining on the one hand to the Receptaculiiidll' 

with foul'. and on the other to Anomalospongia with three . 

In the number and dispositiol~ of their ray. the spicules of Anomalospongin 

remind us of true Teim ctineUidce. They also resemble, perhaps eveu more, the trifid 

surface spicules ("Gabel-Anker") of many li t histid sponges. rl'he hor izontal rays in 

the latter often are bifurcat·e close to the centre, so that even the duplex Gharacte r 

of these rays in Anolll(fZospongia is in a measure simul ated. (See fig. Ib and ('.) T 

am not prepared to decide definite ly that these rese mblance' are or are not indica­

tive of relation bip. It seemed desi rable, however, to mention the facts, s ince they 

illustrate the sense of the preceding paragraph. 

As already indicated, it is my be lief tbat the uncertai 11 Amphispongia is related 

to Ano1t!alospongill- indeed, that tbe two might well be united in one family. 'rhat 

genus was proposed by Salter'" for certai n free, compreo;sed, e longate-ell i ptical masses , 

rounded at both ends, and rarely more than 50 nlm. long by 18 mm. wide, which 

- "'M em. Geol. til'. Qt,. BI'ILu.in. 32, ~C'otI I1Uc1, p.13.l),lS61. 
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occur in illlriall strata near Edinilurg, Scothtnd .* From Hinde' description and 

remarks on the only known species, .rI. oblon.qa Salter, (Catal. Foss. Sponges, Brit. 

Mus .. p. 154, 1883) we learn tbat the lower baH of the sponge is composed of "closely 

approximated, straight, elongated, conical picllles, about 3 mm. in length, and 

from .75 to 1 mm. in width, arranged. 0 that their rounded summits form the outer 

surface of the ponge. whilst their ohtn e points reach to it central axis." The 

upper part of the sponge is sai 1 to consi -t of . mall cruciform and five- (pos ibly i:>ix-) 

rayed .. picules, and of very mill ute filiform mon-axial spicule>:, while" in one speci­

men there are indiccttions of an exterior surface-layer of .filiform spicules regularly 

arranged in the direction of the length of the sponge." The spicnles seem in no 

case to have beeli organically attached to one another, nor are canals present, but a 

narrow tubular cloacal ca" ity was detected in the lower part of a few specimens. 

Salter regarded the spicules as triradiate, and Hiude admits that when not 

detached from the mass .. ouly casts of three rays are exposed." l'he surface of the 

upper part, as fignred by Hinde (op. cit.) resembles part of the surface of casts of 

species of ISc/llldites so closely that it is a matter of surprise that so keen an observer 

JlS Dr. Hinde failed to make a note of it ~n bis memorab le work on the Receptac!tlitidce. 

The sUPP0f;ed su rface-layer, with it~ longitudinally arranged filiform spicnles, 

causes me to think it possible that the horizontal rays in A. oblonget may really he, 

as in Anomalospongia, three in number. with the longitudinal ray the strongest. At 

any rate it would be well to re-examine Amphispongia oblonga in the new light fur-_ 

nished by A noma lospongiet j·eticulata. l'he club-shaped :spicules of the lower part of 

the sponge are too much like the verticall'ay of the spicules of Anomalospongia to be 

without, significance entirely. My impression is that the lower spicules of Amphi­

spongill are not really mon-axial, but will be found to have head rays similar to if not 

precisely like thoke of , lnolllCilospongill. Further, is it not possible that the same kind 

of entering ray" (only sm,.lI e1'. perhaps,) occur in the upper part of the sponge as 

well, heing roverecl there by the matrix which may intervene at a coustriction :iust 

beneath the hori zo ntal ray~, fl.nd r,b I1 S present to view the ca. t · of the latter only? 

Again. it is pos ible that the o·called "upper part" of , i.. oblon,qa may really owe its 

cornpamtive Sl1100thll e . to the development of a dermal layer consisting of small 

cruciform and filiform spicules. Hut this is only specul~tiol1 . What is wanted are 

facts showiug the true condition of things in Aillphispon.qiet, and I hope some of our 

British paleontologi;;ts will favor us with a full account of them . In the meantime 

we can llse onl)7 the close approximation and the shape and size of the spicules of 

the lower part in showing the relationship which [ am satisfied will soouer or later 

be proven to exist between the two genera. 

u,way~rrhC "pc(' illleu .. arE' IlIoul(1-; III SilBly I'ock mel'ely. the s l>on .~e ~pl c ulc!": thol1l <.:c l\·es hfLVln}:" beon (!I ... sol\,ed COlrlplctely 
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Family DICTYOSPONGID..tE HALL, , 

RAUFFELLA, Ulrich. 

PLATE F. [i' W S. JI1-20. 

1889. R,tl~O'ella , ULR ICH. Americall Geolog ist, vol. iii , p . 235. 

Original descl'iption.- -" Sponges free (?) forming hollow cylindl'ica'l stem~, or 

radially arranged leaves. Wall exceedingly t hin, co m po:-;ed of two distinct layers of 

spicule-tIssue. Inner layer miuutely porous, t he pores irregularly distributed, of 

unequal size, the larger ones rounded, the smaller ones much more numerous aud 

mostly of irregularly angular outline ; spicular ti , sue s~para,ting pores thin, the nature 

of its elements undetermined. Outer layer consisting of a network of large spicules, 

appareutly of a curiously modified hexactinellid type. Usually they appear as 

irregularly coalescing thread-like stl'im lining the surface in a longitudinal direction, 

with more slender connecting filaments traversing t he narrow interyening spaces at 

more or le>:s acute angles, leaving a,c utely elliptical depressed spaces. At other time 

the strice cross each other diagonally, producing an appearance not much unlike t hat 

of the ordinary arrangement of the spicules in the Dictyospongidw. 

" Type R. filosa Ulrich." 

RAUFFELLA FILOSA Ulrich. 

PLAT!;; 1' . F IGS. 16-18. 

18 9. Rctl~trell(t ji/osc, ULHTCU. Amel'i can Geolog is t, vol. iii, p. 23i , figs. I, 2. 4. 

Ol'iginal descl'iption.- " Sponge forming a straight or slightly curved hollow 

cylindrical stem, 10 to 15 mm. in diameter. The largest fragment seen is 90 mill, in 

length. One of the ends (whether the upper or lower one, has not been determined) 

is rounded off somewhat like the tip of a finger. The other, probably, was open . 

Sponge wall less than 0.5 mm. in t hickness. Outer surface geuerally ap pearing to 

the naked eye as stLOngly striated longitudinally. Under a good pocket lens numer­

ous connecting filaments are noticeable forming with t he stronger t hreads an irregu­

lar, narrow-meshed net-work. Nearly every specimen, however, exhibits on limited 

portions of the surface a comparatively regular arrangement of t he spicular t issue 

in cl iago nally intersecting li nes. Here the hexactinellid character of t he sp icules 

is determined, there being, apparently, foul' rays spread horizontally and one extend­

ing downward into the iuner tissne, while the sixth is not developed. 'l'he spicules 

are joined together by a union of the horizontal rays of each witli those of foUl' 

I , 

• I 
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other spi nles in ueh a manner that a network with rhomboidal meshes is formeu. 

Similar but SllHLller spicul es are developed in the inlerspaces. This regular arrange­

ment or the 'picllies is but rarely met with, the snrface appearing, as already stated, 

usually to he stri ated in a longitudinal direction main ly. On an average eleven 

of the stria> occur in 5 mm. transversely. 
" 1 nue ]" layer of ponge ti sue exceed ingly thin and minutely porous. Its struct­

ure has not been determined. the finer det::tils ha.v ing been obliteratecl during the 

proce .. of foss ili zation. 
"Thi .· pollge r'Ll~not he confe.uncled with any other fossil known to me from 

Cambrian or ~ilurian rocks. its finget-like forll1 and the strong thread-like striations 

of tbe surface giving it a very cha racteri stic and easily l"ecognizecl aspect. " 

Formation '{)l(l /oc(lli/y.-Oommon in t he Trenton shal es at Minneapolis, St. Paul, Oxford Mills, 
J!'ountai n, Preston, and n, ';)r Marion , Minnesota; Deco rah, I owa. ?Tn the Galena shales, s ix mile sou t h of 
Oannon Falls, )1 inne ala. 

Gol/atm·.'. - Mis. Oora E. Goode, E. O. Ulrich, . L. Herri ck, .1. O. J{as ube, W . H. SCO fi eld , a nn t he 
wl'iter~ . 

,l[u-,. Rcy. No,. i l ~. 71:l, 349 1, 4946,5020,7702-4, 770i, 7708. 

RAUFFELLA PALMIPES Ul1·ich. 

PLA'I'E F. l' GR. tn. 20. 

IR8fl. Rauffelill lJ«(lmipeg ULRteR. American Geologist, \'01. iii , p. 238, fi g. 3 on p. 236. 

Origillul descriplilJlI.-" Sponges rather large, originally probably of inverted pear­

shaped outl ine, cons i' t ing of fiYe bi- or t ri-fnrcating compressed lobe;; springing from 

a short stem. united at the center and armnged in a radial manner. In the fossil 

state they present varied forms corresponding with the degree and direction of the 

rom pression they hfl,ve suffe red. This is mnch Ie s than might be expected of so 

frail an organism. and J can fl,cco unt, for the comparatively good preservation of the 

sha,pe onl y hy . uppo 'in g the lower extremity of the stem to have been op~n, tbu." 

permitting t ll e ma.teri'LI that made up the strata (mud, fragments of ?hells, bryozoa. 

etc.) to enter freely into the internal cavity. [jenerally, the cavity is entirely filled 

with materia.l of the same nature as t he surrouncling matrix. In fl, few cases 

free commun ica.tion must have been interrupted causing a lobe to remain empty 

and now to appear much more compressed than usual. On acco unt of the friable 

nature of the shale. in which t hey are fonnd. most of the specimens are mere frag­

ments. Still , after fl, careful search, t he anthor succeeded in securing three nearly 

complete example". Two of these a re compFe~secl obliquely with the stem on one 

side, and look very much like t he webbed foot of a bird. The specific name wa:; 
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snggested by thi.' fanciecl resemblance. Tbe third is co mpressed vertically and 

~hows the radial al'J'angement, and bifurcation or thc eompl'essed lobes very sati s­

factorily. A~ neal' ns can be determined, t he original (lim ensions or <L speeimen or 

medium size were about as follow~: hight. 90 mrn.; greatest wid t h, 0 111m.; d ia­

meter of stem 15 111m.; t hickness of lobe, 8 mm .: t hic'kuess 01' wall s or ~ponge, o.~) 

lUm., 01' less. 

"Tbe spicules of t be inner layer, owing to ;literation an(l 1'eplacelll cnt by 

calcite, have not been determined. A t hin sec tion. however, 'bows that it was 

minutely porous, tbe tissue separating t he pore, thin , and t he pores of vcLrialle 

size, tbe larger ones of rounded form, the smaller ones more OJ.' less angulaL'. 'l'he 

surface, as in R. filosa, is 'triated, only tbe stri m are m och finer and more il'regnlaL'. 

The appearance of the sorface is to be described a, hirsute rather t han filose." 

FOl'rlwtion CLncllocality.-Fl'om Lhc Tl'enLon shales aL ?llinneapolis a nd , L. Pa ul , Mi nnesoLa. 

CollectoT.-:HI'. E. O. Ul rich. 

Mus. Reg. No. 8225. 

Order CALCISPONGTJE,"" Blainville. 

Family PHARETRONES, Zittel. 

CYLINDROCCELlA, Ulrich. 

1889. Cylincll'occelia, ULmcn. American Geo]og is L, vol. iii, p. :l45. 
189 1. Oylindtoccelia, JAMES. Jour. CinCinnati Soc. NaL. IIist., vol. xiv , p. 56. 

Ol'iginal descl'iption.-" Sponges free. cylindrical, or nearly so. with the lower end 

tapering rapidly to a point, or truncate. A central cloacft extend t hroughoot at 

least the subcyliudrical portion. It is of tubular or very elougate con ical fo rm . 

• widening gradually upwards. Walls thick, tr;l,ver:;ed by irregularly di:spo:sed rad i­

ating canals. Vel'Y few of these penetrate the thin ;l,I1d co mpact dermal laye r \~vhic b 

covers both the inner agd outer surfaces. When t he dermal layer is WO l'll a,way 

their sub-circular months appeal'. Skeleton, apparently very HlJely porOll S. The 

specimens are too much altered to ad mit of determining its elemental component . 

" Type, C. endocel'oidea Ul rich. 

" Sponges of this genus are liable to confusion with slightly tape ring forlll s of 

01'thoce)'as and E nclocems. The absence of septa a od presence of canals should , of 

course, distinguish them at once." 

*Tllo sys t,emlLLlc po \tlon or I,hcse spongc::;ls t,Jmtof I\JI'. Oll'lclt. Geed. :O; ul'\'ey of IlUllni ..;, vol. v iii. p. 2:11.1. I ~OtJ. 
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CYLINDROC<ELIA MINNESOTENSIS Ulrich. 

PLATE G. FIGS. 1-3. 

18 O. CyUndroelelic, lllinnesotellsis ULmcll. Amcl'i C<lll Geologist, vol. iii , p. 248. 

Ol'iqillal description.-" This speeies di ffers from t he preceding ones r c. elldoceroidea, 

C. covil1glollellsis\ in being almost perfectly cyl inderical (1. e. allowing for a slight 

3,mount o[ compl'es ' ion apparent in all t he .'pecimens), the average taper iu a length 

of 40 mm. being rarel.V more tban 1 mill. Mo. t of the fragments vary in diameter 

between 10 and 15 111m., but it is sometimes a mm. more or less. Basal extremity 

not sati I'actorily hown in any of the specimens ; apparently trnncate. The cloaca 

must have been narrow since it, like the internal portion of the canal system, has 

in every case been enti rely obliterated by the crystallization of the calcite of which 

the. pec imens are composed. 'rhe surface is smooth and may, according as the der­

mal layer remained or had been removed at the time of fossilization. ex hibit very 

few or comparatively abundaut canal apertures- more irregularly distributed, how­

ever, and not nearly so nnmerous as in the other species. The canals are rounded 

and vary in diameter from less than 1 to 2.5 mm." 

FOrmalion ('?til locClWy.-Ra re in tbe Trenton sbale at Minneapolis, St. Pa ul, a nd Fountain, Minne· 
sota. OccUJ'ring also at tbe bas of the Galena , hale, six miles south of Oannon Fall s, Minn esota. 

(Jolleclo, ·s.-E. O. UI I'icb and W. H. ScoNelc1. 

,1[H8 . R ey. N o. ii09. 

HE'l'ERO PO GIA, Ulrich. 

I 9. H elero.ponyi<t , ULRICll. ALD el'iean Geologis t, vol. i ii , p. 239. 
1891. H eUrospongia, JAMES. Jour. Oincinnati Soc. Nat. Ri st., vol. xiv , p. 71. 

-
Original descl'iption.- " Sponges con isting 0 [' sublobate or i1'l'egularly di vided 

(;ompres.'ed branche ·. Entire surface exhibiting the mouths of branching and more 

or less tortuous canals, which begin neal' the center, where they are nearly vertical, 

and proceed toward all portions of the surface in a curved direction. A limited num­

her of oscuht, distinguished from the ordinary canals by being larger and surrounded 

by radiating channels, occasionally present. 

"Sponge skeleton between the canals of variable thickness, sometimes appearing 

nearly solid, at other times composed of loosely inte rwoven spicu le fibers. None of 
the specimens show the ~picules in a satisfactory manner. From the traces seen it 

wo uld appeal' that they are lllo8tly very small and of the three-rftyed type. 

" Type, H. subramosa Ulrich." 

• 

• 
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HETEROSPONG IA SUBRAMO A 'I Ulrich. 

P I .. ATE G, Ji'lGS, 4-1i. 

1889. Hete1'os-pongia ;"ub1"U11loSC' ULRICH . American Geolog ist, 1'01. iii, p. 240, fig. 6 on p. 23G. 

189J. Hetcmspongic, subramosa JA~I E'. Jour. Ci ocinnani Soc. NaL. Hist., vol. xiI', p. 7], 
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Original descripl'ion.-" Sponge subramose, occas ionally palmate: branches more 

or les. flattened, from 9 to 13 mm. t hick :Lnd 11 to 30 m ITI. wide. The largest speci­

men seen is 65 mm. hi g h and 45 mm. wide. Slll'face gene rally e l'en , exhihi ting the 

rather irregul arly distributed canal apertures. rl'he'e are gene rall y of I'ery unequal 

sizes, though 011 limited portions of the surface, both the ir distribution and size may 

be fairl y regul ar. The average diameter of an apertm e is nearly 0.7 mm., with about 

5 in 5 mm. The width of the interspaces between the canal mouth" is equally 

variable, t he extremes being 0.2 and 1.2 mm. The ponge skeleton i composed of 

more or less loosely interwoven spicule-fibres, but ill the usual state of preservation 

in the inter-canal spaces appear quite solid alld stru ctnreless. In none of the speci­

mens are the spicules sufficiently well pre erved to make their determination a 

matter beyond dispute." 

F01'mC!tiun c,"clloeality.-Rare in t he Hudson Ri"er group at Spriog Yall e.\" , Minnesota. CO lllmoll 
in t he same fo rmat ion in Marion a oel Lincoln counties, Kentucky . 

Gollcetor.-E. O. Ul l·ich. rl'ype in Mr. Ul ri ch's collcction. 

Order LITI-I[STID~, Schmidt. 

~ Family rl'ETRACLADINA, Zittel. 

HINDTA , Dune<tn. 

1819 . li im/iCl, DUNCAN. Annals anel Mug. NaL. lI isL. , lifth St'r. \'01. i,·, JJ. 84. 
1883. H imlia, HINDE. Catalogue Fossil Sponges, BriLisi1 MUSCll lll , p . 57. 
1886 . Hindia, HAU FF. S ILzungsb. cl e r Niederr l1. Gesell. zu Boon: SiLzllng \'0 111 10 ~rllrLz . 
1887. B inclia, HINDE. An nals ancl Mag. Nat. l-li st., fl fL h se l". \'01. xix, p. 1i7. 
1890. H ill wic" UL RICH . Gool. Smvey Illinois, vol. vi ii , p. 22ti. 

1 91. B indic" J AME." . Jour. Cin cinna~ i Soc. Nat . I·li st., "01. xiv, p. fi~. 

HINDIA PARYA Uh·i,·h. 

PLA'r8 G. [i'J(':~. ';' H. 

1889. Bindi" pm'un ULUlGJl. American GeologisL, \'01. iii. p, 2H . 
1889. Jl1icro;.pongic( l)c,,"vc, MILLEH . North Amer ican Geology ancl Pala'ootolo!!y, p. Jti1. 
l eO!. j1fierospongin grcya>'i<t (pa rt i01) JA~(E". J our. Cincinnati Soc. NaL. Hisl. , vol. xii' , p. 34. 

01'iginal description.-" Sponges free, globular in form, wit h an even rounded 

surface. Specimens vary between 5 and 10 mm. in diameter, but in a large propor­

tion of the specimens seen, the diameter va ries but little from 7 or 8 mm. 

{ 
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"The rad iating ca,nals are a little .'maller t ban ill t he common H. spheroidal'is 

Duncan, of t he Niagara. being as aru le llotol'er 0.27 mill . in diameter. H. incl!gualis 

LT ll'i h. from the lower oj' sponge hells of the Trenton li me. tone a,t Dixon, fljinoi s, is 

larger a.nd hft . a its l1 al11e may ind icate. racl in.ting l'anals o[ very uneqnal sii\e." 

The specimens of thi::; species occllrring in the Galeml of Kentucky, rrennes.'ee. 

\\ iscon~in , a.nd Minnesota, the locali t ies 1' 1'0111 wh ich Ml'. Ulrich obtn. illed hi s mate­

r ial. ·should not-. at pl'e 'ent be regarded as belonging to Microspollgirr gl'egm'ia Mill er 

and Dyer. The latter is not shown to be identical with Tiindia, and, as t he Galena 

"pec imens undoubt.ed ly belong to t he last named genu " t here is no evidence t hat 

H. parv({ i:; 'ynonymous with 1l1icrospol1,c;ia grega1·ia. The varieti es of lIindia pm'va 

fou nd at Cincinnati :1nd Middletown. Ohio, of which Ml'. Ulrich writes op. cit., p. 

243), may he t be s,tme as Miller and Dyer' specie', but thi8 tbe writers C:1nnot prove, 

ag t.hey have no materi ,d from Ohio for comparison. 
FOl'nl((tion aIHI localil!l .-Rare in the Trenton shales at Iinneapolis, ~Iinne ota. Not uncommon in 

Lhc Galena o( Gooclhue county, Minnesota , and 08hl(O -h, W isconsin. Also (rom a s imila l' hori7.on at Dan­
ville and Frankfort, K e ntucky, and south of NashYille, Tennessee. 

Gollectol's-W. H. Scofield, E. O. ffiricb and C. Schuchert. 

Nus. R eg . No. 7711. 

1862. 
~ ] 877. 

~ J 77 . 

] 879. 
1883. 

I 85. 
I 88. 
189. 

? Class HYDROZOA. 

?Sub-Class HYDROIDA. 
SOLENOPORA, Dybowski. 

SOLENOPORA COMPACTA Billings. 

PLATE I' , FlO. 21-Z1. 

SI1'oTnalopol'U co mpacla BJLLJNU. Pal,eowic Fossils, vol. i, pp. 5.), 210. 
TclrarliUlnpeach ii N ICIIOLSON and ETlIBllIDOE . A nnal s a nd Magaz ill e or Natural History, 

ser. IV , vol. xx, p. 166. 
So/enopom spongioides DYBowsK J. D ie CbmtetidelJ <IeI' ostbaltische n Silm ForllJati o n 

p. 124 , pI. 2. ' 
Soienopora(? ) con(pactaDAwSON. QU<1rl. Jour. Geolog ical SOCiety, Lo nci o n, vol. XXX I', p. 53. 
7'etl'adi",n l'eachii, val'. canadense FOORD. ConLribuUoll Micro-Pal. Silu rian Rocl(s of Can-

ada, p. 24. 
SoiCllopora co mpacta NlC110L~ON amI ET IIERIDUE. Geological Mag. , dec. iii , 1' 01. i i, p. 529. 
So/enopora compacta NJClIOJ_SON. Ibidem , vol. v, p. 15. 
So /enopora compacla N ICHOL. ON. Manual of Pahl!ontology, 1'01. i, p . 20], I1gs. 83a- 83cl. 

Original description.-" This species forms small ub-globular masses, from 1 to 2 

incbe. in diameter. Tbe concentric lamel1 re a,re thin and closely packed together, 

t here being in some specimens from 6 to 12 layers in t he thickness of 2 lines." 

The inte\'llal structure is described by Dr. Nicholson as follows: "Composed of 

radiating capillary tubes, ananged in concentric ,Jrata. The t ubes vary from 
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A to -lrr mm. in size, and are indirect contact throughout, no interstitial tissue of 

any kind being developed. The tube are irregular in form, with thin, often undu­

lated walls, which are not pierced by auy apertures or pores, but are often crossed 

by more or fewer tran verse partitions or "tabulm." Very r,ommon ly the tubes 

exhibit mOre or fewer iuwardly directed partitions, wb ich extend to a greater or 

less distance into the cavity of the tube, a nd are the result of the cleavage or' fiss ion' 
of the tubes" 

F01'mation and locali ty.- Rare in t he Trenton shal es nea r Ca nnon Fa1Js, Minnesota; Frankfort, 
Rentucl,y ancl Nashvi1Je, 'l'cnncssee. In t he Black R i I'er group at Pallqllette Uapicls on t he Ottawa I'i vel', 
and islaocl o[ Montreal, Canada . In d ivision L, Newfoundlanci. D r. Ni cholso n says it has al so been 
found in Great B rita in a lld RUSS ia. 

Mus. Reg. No. S055. 

Sub-Kingdom CCELENTERAT A . 
Class I-IYDROZOA. 

Sub-class GRA PTOLI'l'O rDEA. 

Family DIPLOGRAPTIDlE, Lapwol'th. 

DIPLOGRAPTUS PRISTIS? (JJisil1ger) lfalL. 

FIG. 2. 

1S37. P1'inotllsp1'ist'is HISINGEH. Letha'! ;! Suecica, p . J 14, p I. 35, IIg. 5. 
1S47 . Gmptolithus p1'istis HALL. Pah1'!ontology of New York, vol. i. p. 265, pI. 72, fig . la- Is. 
l S63. Gmplohthus p" istis BII"LTNGS. Geology of Ca narla, p. 200, fJg. 195. 
1865. GmptoN/hus (Diplog" optlls) p"istis H ALL. Canad ia n OrganiC Remains, clec. ii, p. 15, ng. 3b: 

p. 109, figs. 21, 30. 
1867 . Gmp/olitI."s (Diplograp/Ils) 1"'isli8 HALL. Twentieth Rep. N. Y . State Cab. Nut. Hit., pp , 

182, 205, fig . 22, 3~. 
1875. Dip/og"uptus p";stis NlcnoLsoN. Pal montology of the Province of Ontario, p. 3 . 

Prof. Hall gives Hisinger's description of this species as follows; " Lineal', 

s_traight, scarcely a line broad, compressed; rachis central , capillary ; both sides 

with broad acute teeth" (op. cit. 1847). 
- 6 

rl 
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FO"llwtion ana locality.-Very common in the lower portion of the Hudson R i vel' gronp, in a small 
quarry two miles wes t of Granger, Minnesota. It also occu rs in the Utica slate and H udson River group 
at Baker's Falls, Uti ca, '.rrenton, Loraine, Turin, and elsewhere in New York; Whitby and Collingwood, 
OntMio; ? Cincinnati, Obio, and Grar, Iowa. 

Collectors.-1"I. II. Scofield and the writers. 

1Ifus. Reg. No~. 7755, 7706,775 . 

DrpLOORAPTUS PU'l'ILLU Ho1l. 

FlO. 3. 

J 65. Gmptolithus (Diplograptus)plltillus RA1"L. Canad ian Organic Remains, dec. ii, p. 44, pI. A, 
figS.10-12, 

1867. Graptolith'" (Diplograpt1ls)putilllls HALL. Twentieth Rep. N . Y . State Cah. Nat. R ist., pI. 2, 
Ogs . 10-J 2. 

I:'ormalion unci localitJl.-n udsou RI\'er groUl), nel~1' Oranger and neal' Spl'il lg Valley. t\1 inllCSOlu.; 0 ,'ur. Iowa. 
t..:ollectors,-W. n . SeoBeld and tbe write' .... 
Mus. Rcg. Nos. 302. 4007. 775S, 7';'GO. 

CLIMACOORAPTUS 'l'YPICALIS Ho ll. 

~ 
.. ,.~." .. , .. 
. . ' 
l'< . 

~:, 

1865. C!i1nacograptus typicalis HALL. 
1667. Cli1nacograptus typ~alis HALL. 

FlO. 4. 

Canadiau Organic Remains, dec. i i, pI. A, figs. 1-9. 
TwentIeth Rep. N. Y. State Cab. Nat. Rist .. pI. 2, figs . 1-9 

Formatroll alld localUy.-ln Lhe Galenalimestooe 'l.t MalltOl'vllle 'lod W ' . 
'( Wisconsi n. Olnclnnati group at Olnclnnatl. Ohio; U'Ud SO;l Rly ,< eISba.c~ s da.m near Spring Valloy, MlnneSOt.a i 

Colltclors.-W. n. Scofield nnd the writers. cr gl'Oup. New York . 
. M1IS. Rt{). No .... 204. 29:5. 300, 7750. 
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Olass ACTINOZOA. ·::· 

Order ZO NTH ARIA. 

Sub-order M:ADREPORAR[A . 

Section MADREPORARfA APOIWSA. 

Family ASrrRJEID.fl<J . 

LlOHENARIA TYPA, gel7. et. sp. /I Ou:!' 

PLATE G. "LOS. 10-13. 

Coralll1ln growiug in small , irregular, hemi 'pheric colouies, not exceed ing 20 mm 

in diameter, attached by its entire under side to species of mOllticuli poroids. Ad­

dition of new coralli tes takes place, eit her interstiti ally or along the periphery, from 

underneath the marginal individuals. Walls of the coralli tes th in, imperforate. 

Corallites polygonal , inconstant, small but variab le, the ave rage adult size about 

1 mm. or a li ttle less in diameter, but in the largest specimens may vlLry from that 

size to 1.75 mm. in diameter. TabulfB always few, perhaps occasionally wanting ; 

when present they are horizontal and complete. Septa not developed; rarely two 

or three very faint longitudinal lines can be observed on each face of tbe calyx. 

We know of no compound massive coral in Lower Silurian rocks with which 

this species need be compared. All have more or less strongly deve loped septa 

excepting Lyopora javosCt Nicholson and Etbe ridge, jun.:j: In t hat species tbe septa 

are" rudimentary, often wanting in individnal calices, varying in number from tlVO 

or three up to ten or twelve or more, always abort ive, lLnd represented only by 

rough and blunt ridges on the interior of the wall." (Nicholso n, op. cit., p. 190.) 

Lyopomjavosa differs however from Lichenal'ict typa in its very much thickened walls 

and in tbe mode of g rowth of the colony which was" rooted at its base to some for­

eign body, fLod the diverging condlites seem to have opened over tbe wbole of the 

free surface, no traces of an epitheca baving come under my observation." (Nich­

olson, op. cit., p.190.) Species of ()ol'Ulnnaria are distmguisbed from LichenCtTia typa 

by their well developed alt.ernately large and small sep ta, which extend nelLrly to 

the centre of the coral lites in the type species. Colttrnnaria incerta Billings§ is 

"'l'he classification hOl'e gl v('u rol' Lhe comls is that of Dr. Nicbolson ; " M anual of Pnlmontology. "01. 1, pp . UO-3 15, 1889. 
t Lic1l.enaria from leiclietl , t roe-moss, ~\nd (( ria, the Ia. tte l.' portion of Col rmm a1'la. Its most lIkoly rol atlve. 
:l= Mollo. 91 1. Foss. Gln'nll, p. 2tl, pl.:t. fi gs. )-le, 187 . Nichol son, Pl.I.l. T ub. OO L'u ls, p. 100, pI. 8. fi gs. a, 3u.; pI. 0, figs. 2.211, 187!1. 
~O l\nllc11t1.n Nat. (l,nd Geol. "01. \v, p. 428. fi gs. ) , 2. 1859. 

,I 
( 
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a species probably withou't septrt, but the coral lites are described as "slender cylin­

drical tubes which ma,y be in contact or separate ", and" the aspect of the species is 

remarlmbly like that of Syringopora." 
Small colonies of LiclienCl1"ia typa look much like a mass of Conchicolites jlex/tosus 

Hall. as figured by Prof. Hall (Pal. New York, vol. vii, pI. cxv, fig. 19). The apertures 

of the latter are also polygonal iu outline, but beyond this the two species are 

totally unlike. 
A very 'mall colony of this species, figured on plate G, fig. ll, has given off a 

:iugle corallite in a manner which is characteristic of AuloporCl? trentonensis, n. sp. 

This corall ite has developed three other buds, which have elevated the calyx of t he 

parent, a ' in Altlopo1"Cl. Where there are no young corallites infringing npon it, the 

wall is circula,r in outline, with three distinct angles along the side from whi ch the 

buds have originated. The polygonal outline of the cells of compound coral~ is prob­

ably due to lateral crowding of the coral lites. In nearly every case observed by us, 

wheu the cells are round in outline, they , tand out free from the colouy.* 
Fo,.mation and loca/ity.-Not rare in the Trenton shal es Ll car Minneapol iS, Mionesota. Mr . Ulrich 

writes us that be has specimens which " undoubtedly belong to this genns and ll"obably arc spec ifi cally 
the same a typa, fwm the Black Ri\'er limestoue a t Pauquettc Rapids, Oanada." 

Golleclo1"s.-E. O. Olrich and O. Schuchert. 

LlCHENAlUA MINOR, n. sp. (Ulrich.) 

FIG. 5. 

Fig .. 5. Li~henU1·ia.111inor Ulrich, Trenton hal es, ncar Cannon Falls, Minnesota . a, an ~xampl e of 
thiS .l)()C le S, growIng as usual upon a ramose bryowan ; b, s1l1all portion of same with the corall ites 
opetllng morc dll"cct than usual, x3. 

Corallum attached parasitically to foreign bodie. (chiefly ramose bryozoa) over 

which it Corms irregular patches 1 mm. or a little more in thickness. Corallites 

comparatively small, of unequal size, irregularly distributed, their apertures rounded 

or subangular and more or less oblique; the largest nearly 1 mm. in diameter, the 

average adult size about 0.7 mm., while many are smaller, presumably younger, 

ranging in size between 0.2 and 0.5 mm. Septal strice apparently wanting. Here 

and there a faintly raised line may be detected on the inner side of the imperforate 

walls, but they are too irregular in their disposition and number to be called septa. 

. • .. The majO~l iY ot co~upound cora.ls included In tbe Fa l'os itidcv al'o composed or polygoDal prlSlllfLtic cells or coru.Illt.es In 
j uxtaposition. "bell, bo\\ c"cr. these cell s become tree tholl' torm Is cylindl'lC'll Th " 1 
cells Is there fore explai ned as Lhe nat ul'al resul t ot cr~wdlng'" Dr a E ncedh ~ II ; po ygonal torm ot closely al'l'!l.nged 
Fat'o8itldcv" (TI'aDS. CODIl CCt..l c llt Academy. "0 1. vlll , ll. 215, 1891). I ' " r, ymme tricai cell do ve lo»lIlont In the 
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This species is readily distinguished from the preceding form (L. typn Winchell 

and Schuchert) by its thinner corallum, smaller and more unequal corallites, and 

the obliquity of their apertures. The last is a strongly marked featnre of the species, 

especially near the margins of the corallum. L. typa also occupies a lower horizon 

in the shales. 
F01'mation and locauty.--Galena sbales, near Cannon Falls, Minnesota. The type specimen is in the 

collection of Mr Ulrich. . 

COLUMNARIA (~) HALLI Nicholson. 

PLATE G, FIGS. 14-16. 

1832. Colu>nnclI'ia alveolalC! EATON (non GOLDFU~). Geolog ical Tex t Book, p. 131, pI. 4. 
1842. Col1t7nna"ia EH~roNs. Geology 01' New YO I'k; Rep. econd Di stri ct, p. 276, flg. 2. 
1847. Columnm'iC! C!lveolata HALL (non GOLDlmss) . Pal;:contology of New York, vol. i, p. 47, pI. 12, 

ngs. 1a- l c. 
1857. Col'umna"icL alveolatC! BILLINGS. Canadian Naturali st and Geologist, vol. i, p, ]24, figs . 9, 10. 
1863. Col"mlla"ia alveolalC! BILLINGS. Geology of Canada, p. 139, fig. 70, and pp. 938, 954. 
1875. Col1t7nnaria alveolata NrClIoLsoN. Palroontology of the Province of OntariO, pp. 8, 24. 
1876. Columnaria alveoln.ta RmITNGER. Fossil Corals of Micbigan, p. 89, pI. 31, figs . I , 2, 4. 
1879. Columnm'ia (?) halli NlCIIOLSON. Pal reozoic Tabulate Corals, p. 200, fig. 29, pJ. ]0, figs. 3, ;Ja. 

Description.-" Corall um forming large massive colonies which vary from a few 

inches to several feet in diameter, and ,,,hich are composed of variously-sized polygonal 

corallites, in close contact with one another throughout their entire length. The 

walls of the coralli tes are not excessively th ickened, and they are so completely 

amalgamated in contiguous tubes that even under the microscope the original lines 

of demarcation between the tubes can be made out with difficulty or not at all. The 

large tubes are usually from two to three lines in diameter, though occasionally con­

siderably more than this; and the smaller corallites are of all sizes. Septa marginal, 

in the form of obtuse longitudinal ridges which vary in number from twenty to 

forty, do not extend to any distance into the visceral chambers, ctnd are not di visib le 

into an alternating longer or short series. 1'abul::e strong, horizontal and complete, 

about half a line apart or sometimes closer, Mural pores not recognized with 

certainty." 

"I am chsposed to doubt very strongly if the present form C:1n be referred to 

Columna?'ia at all, and whether it is not truly a perforate coral congeneric with 

Nyctopol'a, Nicholson," (Nicholson, op. cit" p. 200.) 

Columlla?'ia alveolata Goldfuss (not Hall) and Favistella stellata Hall, are synony­

mous according to Milne-Edwards and Haime, and Nicholson. The latter writer 

says: "It is quite certain, however, that the 1'renton limestone coral just alluded 

to [C. alveolata of American pal::eontologists] is not the form described originally 

by Goldfuss, and c<tl'efully figured by him under the name of COlltmna1'ia alveolata 

(Petre£' Germ., Vl. xxiv, fig, 7), On the contrary, the latter is almost 'ertainly iden-
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ti ca.l with the co ral subsequeutly described by Hall uuder the name Favistella stellata. 

This is rende red t he more certain by t he fact t hat the specimens of Colm'l!na1'ia alveo­

lata descri bed by Goldl' uss are said to come [rom the shores of Seneca Lake, in t he 

tate of New York, where the Lower Silurian rocks do not occur in place ; so t hat 

they l1lU. t have been de ri ved from a t nLveled boulder. Th is also would harmon ize 

with the as ert ion of Edward and Haime, that Columnaria alveolata (Gold.) and 

Favi lelia stellata (Hall) are one and the same coral. 
" Whilst fu ll y believing th at t hese two co rals, a descri bed by t heir original 

disco\1erers, are identical, it nevertheless remains certain that the corals now recog­

n ized un i versally in Amer ica as Colwnn((1'ia alveolata and Favistella stellata are entirely 

distinct h om one another. specificall y if not genericall y. '" * * * * If the 

-t ri ct la,w of priority, ~Y i th its utmost rigor, is to be can ied out, then the name of 

Favistellrr stellata must be abandoned; the coral now known by this name must be 

called Colwllilaria alveolata (G old fu ss), a nd the coral to which this latter t it le has 

been generall y applied will have to be baptized by some quite new na.me." (Nichol-

. on. op. cit., p. 23, 1875), 
1 n 1 79, Prof. Nicholson proposed for t his coral t he na.me ColumnariCt ? halli. 

He write, " 1 have come to th e conclusion, after full consideration, t hat t he best 

course to adopt with regard to this species, is to give it a distinct and specific 

na.me." (op. cit" p. 201 , 1879.) 
The co lonies of C, (P) halli ocelll'l' ing in Minnesota are usuall y small masses from 

an inch (25 mm.) to fou l' and one-half iu ches (11.5 cm.) in diameter. In the Black 

Ri ver group of New York, thi s species often attains a large size. '''1'here is a 

specimen (a portion ouly of an entire mass ) ill t he state collection [New Yo rk] 

weighing about 1,500 pounds : the whole mass probably weighed 2,000 0 1' 3,000 

pounds." (I-Iall , op. cit.) 

F01'matio n and local-i/y.-Rare near t he base of tbe Trento n sbales a t Cannon F all s, P reston a nd St . 
~b al·l es. ~linnesota . 1n t he" Oppel' Burr beds " or t be TI'enton, in 'Wisconsin , and a t Rockton, Il lino is . 
Co mmon In t he Black R I ~' e r gl'Oup at Cbazy, Watertown, a nd 01 ewhere in New York; Bell evill e, P eter­
boro, ColllnglVoo(l, Ontari o, Canada. In the Trenton at Dixo n, I1l ioois; Higb Bridge, Kent ucky, and 
Cent ral T nnes ee (Ul rich). 

Coliectol·s.- Vl. n . Scofleld and tbe wri ter ' . 

Jrlls. Reg. No . 55i 6, 7726, 7i34. 
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Section MADREPORARfA RUGOSA . 

li'am ily STREP'rELASMID~, Nicholson.* 

STREprrELASMA, Hall. 

1847. Stl'eptop lclSIna, J-TALL. Pah~ootology of New York, 1'01. i, p. n . 
1847. Stl'eptelasma, HALL. lbidem, corrections, p. 33B. 
1857. Strepte lasma, BILLINGS . Canadian Tatural ist and Geolog i t, vol. i, p. 122. 
1875. SI1'eptelasma, NlCHOLSON . Pal ~ontology of Ohi o, \'01. ii , p. 2 J. 
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18~9 . St"eple lasma, NlcnoLsoN. Manual of Palmootolugy, vol. i, pp.241 , li g. 127R; 278, 279, fig . 
156 A, B ; 280, fig. 157; 297, fig. 178 A, B. 

Cora,ll um simple, turhinate or con ical, probabJy alway~ slightly attached . 

Outer wall more or less thick, prodnced by the lateral thickening and fusing of the 

outer ends of t he septa one with another. Septa numerous, prominent, altel'llately 

large and small, sometimes dentated along their edges, divided into four group. ' 

by t hree fossulm and a more or less prominent counter septum, sometimes straight, 

slight ly bent or strongly twisted and obscuring the fossulm in the center of the calyx. 

Cardinal septum short or long div iding the most prominent or dorsal fossula cen­

t rall y, which is situated on the conve~ side of the corallum ; alar septa short, situated 

in the lateral fossulm; counter septum sometimes very prominent. "The lower part 

of t he visceral chamber is more or less extensively fi ll ed up with stereoplasma, and 

t he upper part of the same is crossed by irregular tabu 1m, dissepiments being also 

developed in moderate numbers. The center of the visceral chamber i~ [ 'ometimes l 

occupied by a large, irregularly reticulated or trabecular pseudocolumella, with 

which the i nn~r ends of t he long septa are directly connected, and which is highly 

characteristi c of the genus." (Nicholson, op. cit., p. 298, 1889.) 

Type, S. expctnsa Hall. Species usually adopted as the type, S. corniculum Hall. 

A line of development can be traced clearly in S. lJrofundum, S. corniculum a.nd 

S. l'usticum, The fi rst species makes its appearance in the Birdseye and Black River 

groups, is generally straight in its growth wit h a deep visceral cavity and has reg­

ul ar septa. This form passes into a larger and more or less strongly curved coral­

lunl, S. comiCttlum of the Trenton and Galena groups, the vi sceral cavity is less deep, 

being more strongly fi lled up with stel'eoplasma, and has a greater number of septa 

which in approaching t he center become twisted obscuriug the lateral fossulm and 

t here forms a small pseudocolumella. In S. j'llsticttm of the Hudson River group, 

the corallum attains to two or three times the leugth of S. lJrofttndtt1n, while the 

septa are as a r ule even more numerous and more trongly twisted, with a larger 

pseudocolumell a than in S. cOl'niculurn, the entire lower portion of the coral is fi lled 

up with stereo plasma, 
.. ltlnD uu,l of PlrconLo1oJ.!' Y, \'01. I, p. 207. 
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STREPTELASMA PROFUNDUM (COl11'((d 1/lS.) OWeit. 

PLATE G. FIOR. 17-1(1. 

1844. CyathophyllU7np"ofulldll1ll OWEN. Geological Explomtion of I owa, Wisco ns in and lilinoiti , 
pI. 16. fig.5 . 

1 47. S ll'el,toplas11Ia p1'ofunda U .\T_L . Palmontolo)!y 01' New York. vol. i , p. 49. 
1847. St1'eptelasma p"ufun da HALL. I bidem, pI. 12, 0":8 .• a-4d. 
1857 . St1'eptelaS711a p1'ofunda B I LT.lNG~ . Canadian aLul'alistuncl Geologist. \'01. i, p.123, fi>{s. 7,8. 

Origillal description.-"Obliqu ely turbinate. often slightly cu rved neal' the base, 

expanding above more or less abruptly; cell profoundly deep, extend ing nearly to 

the base of the coral ; margin of the cup reflexed; surface scarcely marked by trans­

verse rugro; lamoll ro from 36 to 60, strong, nearl y equal on the margin, but distinctly 

alternating in length within ; no transverse dissep iments or celluliferous structure." 

Billings probably was the first to point out that the three primary septa of 

Sireplelas11la axe plainly indicated on the outside of the corall um from which the 

other. epta branch. He says: " The mode of growth of t,hese coral [S. comicul,!t11! 

and S. pl'q(ulldllm] appears to have been as fo llows : At first they consisted of a mere 

point attached to the rock, when the cu p CO lllmenced to form there were onl.Y foul' 

partitions or lamell ::c; as it increased others were added, three of the origin al ones 

continuing to grow, and the fourth being undeveloped. In good empty specimens 

of S. p/'qjitllda the three large primary la.mellro are ve],y conspicuolls above the 

others on the inRide of the cup, and on the out. ide tl1eir position is marked hy three 

upright seams extending from the top to the bottom, and from each sil1 e of which 

the newel' lamelhe may be seen branching away." 

In the Canadian specimens of thi~ spec ies the cOl'allnm " is very little 01' not at 

all cur ved," and the same is true of ~lil1nesota in lil'iduals occming in the Trenton 

lime tone and the lower portion of the .. hales immediately a.bove. In Wisconsin, 

however, where it is quite abnndant near the base of the "Upper Buff" beds in well 

preserved specimens, the curvature is more often a.:; great as in S. com icl!lunt Hall. 

'l' he point of attachment in these is often well shown, but is generally smaller than 

in that species . 

S. prqfundum can be readily separated from S. comicululn by its profoundly deep 

visceral cavity, smaller number of distinct crenula,ted septa which are never t,'vi sted 

in approaching the center and in the more sbarply defined lateral fossu l::c and greater 

development of t he foul' primary septa. Billing' gives the number of large and 

small septa in adult Canadian examples as abo ut seventy-foul', and this likewise is 

true for Minne ota specimens, while those (rom Wisconsin vary between 60 and 72. 

The greater variation mentioned by Hall, " Iamell ro from 36 to 60," is probably due 

to young examples, which always have a smaller number of septa than adult speci­
mens, 
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. Fonnalion and locality.-Abundant as natural casts of the visceral cavity ncar tbe top of the Tren­
tun lImestone at Minneapolis, St. Paul and Cann n l!'fLlls, Minnesota . In the Tren ton sbales it is CO IlI­
mon at MinnealJolis, St. Paul, Cannon Falls, .l!'ounta in , nca r Caledonia, and Preston, Minnesota; Decorah, 
Iowa. Ve lT cornrntln nca r the base of the" Upper Buff" beds of t Il(' Trenton in s iliceous specimens at 
Mineral Pa in t, Beloit and Janesville, Wiscons in ; and as natural casts at Rockton, Illinois. In the Tren­
to n lime tone at Dixon, Illinois;" Glade l imestone" uf Tennes ee. ] n tbe Birdseye limestone at ~Janbeiru 
and East-Canada creek, XewYork : Canada; and in Mercer county, Kentllcky. In the Black Riv r group 
at Watenown and Chazy, NelV York; I sle la Motte; and Canada 

Colleclors.-W. 11. Scofield, II. V. Wincbell , C. L. He .... ick, E. O. Ulrich and the writer~ . 

Mus. Reg. Nos. 433, 66~ , 710, 3~87 -3489, ~03~, 4057, (;053, 5070, 5305, 675], 6i7~, 67 ] , 6808,7737-7743,7912,79 6. 

STREPTELASMA (?) PA 1~ASITICUM , n. sp. (Ulrich). 

FW.6. 

Fig. 6. St7'eptelas1na? pa1"asiticu1lt Ulricb, Trenton sbales, St. Paul, Minnesota. a, View of tbe type 
specimen of t bis species, natural si~e; b, everal of tbe corallites on tbe opposite side of tbe speci­
men, x~; c, sectional view of one of the corallites, to bow deptb of calyx. 

Corallum small, parasitically attached to bryozoa, consisting of a variable num­

ber of conical cups growing in series one from the other in a manner suggesting 

At(.lopora,. each about 3.5 mm. long, and 2 mm. wide across the open calyx. The 

specimen which I regard as t he type of the species, consists of ten corallites that 

have grown in a spiral rna,nuer over the two sides and one end of a fragment of 

Rhinidictya mutltbilis Ulrich , about 12 ill m. long. Of these the largest has a diameter 

of 3 mm., and the smallest only 1.5 m m. Where there i sufficient room for their 

unimpeded developtp.ent the calices are circular and qui te oblique, but at the upper 

end of the specimen, where they are more crowded, they are nearly direct and of 

shapes depending upon the degree in which they impinge upon each other. Outer 

surface marked with more or less distinct verti cal ribs and fine but shar[ encircl ing 

stri fB. Calices very deep, the corallites seeming to consist in great part of a mere 

shell, exhibiting on the inuer side from thirty to thirty-six, faintly denticulate. 

septal ridges. Oue half of the uum bel' are exceedingly delicate CLnd might be over­

looked. 

I found it impossible to remove all the matrix from the calices, so I cannot say 

positively how the septa unite at the bottom. Fig. 3b shows all that could be made 

out. 
The generic position of tbis fossil is rather doubtful, yet it seems to me within 

the possibilities that it may be proven to be merely the young of some species of 

Stl'eptelasmct like the associated S. profundum. Still, the probability of such a finding 
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is "0 remote that I cannot hesitate to describe it as new, and as a matnred form . 

Against the e being yo ung corallites I would urge (1) their nearly equal size, and (2) 

their crowded habit of growtb. They could not have grown to larger size except by 

ber.oming detached from the supporting body, which is a supposition so unlikely that 

it is not to be entertained for a moment. 
Where the calices are in contact the appearance is decidedly suggestive of 

Colwnllaria, and, while I doubt it, th is resemblance may reall y indi cate true relation­

sh ip. For the present it seems to me the species may well be arranged as above 

under Strppielaslila Dear S. profltlldlt1n. There it can remain till we learn more of its 

characters, or until the genus StTeplelasma is redefined and trictly characterized. 

And right here I wish to say that no genus of paleozoic corals is less uuderstood and 

more in need of revi ion t han Streplelasma. As now u 'ed it is made to include some 

very di verse types. 

Formation and locaUty .-Rare in the middle dil'is ion of the Trenton shale at St. PUIII ,:1l.Iinneso ta. 
A nother specimen, cons isting of six coral1 ites, of the same or a closely related species, was collected by 
me from the Trenlon limestone at Minneapolis. Now in my collection. 

STl~EPTELA MA CORNIOULUM Hrrll. 

PLATE C, FIGS. 20, 21. 

1847. Strcploptasma corniculum H ALL. Pala~onto\ogy o[ New York, vol. i, p. GU. 
1847. Streptelaslltc! c01'niculu", JIAJ"L. Ibidem, pI. 25, fi gs. la- Ie. 
J841 . Slreptoplasma c,'assa HALL. Ibidem, p.70. 
1847. Sh'eptelasma crassa HA1~L. Ibidem, pI. 25, figs. 2,,-2c. 
1847 . St"tptoplasma multilamellosa HALL. Ibidem, p. 70. 
1847 . Streptelasma multilamellos" H_\LL. Ibidem, pI. 25, ng .3a-3c. 
IS!? St"eptoplasma pQ1'vula HAL L. Ibidem, p. 71. 
1847. Sh'eptelasma parvula HALL. Ibidem, pI. 25, fig . 4a-4c. 
I 51. Slreplelastna COrllicl<lmn BfLLlNO . Canadian :gaLural ist and Geologist, 1'01. i, p. 122, figs . 3 

. and 4, on p. 121. 
1 63. Petrain c01'nicu/u11t BILLrNOS. Geology o[ Canada, p. 156, fig. 1J 8, and p. 938. 
1815. St"eptalcLS",a corniculum NICHOLSON. Palmollto\ogy of Ontario, p. 12, (p. 26 pal'tim). 

Original descl'iption. - " Turbinate, curved uear t he base, wbieh terminates in an 

acute point, somewbat rapidly expanding above; cup profound ; lamell ::e about 

sixty; surface marked by strong longitudinal lines indicating the lamell ::e, which are 

crossed by fine concentric wrinkled lines. 

"Length vary ing from three-fou rths to one and a half inches." 

Corall um conical, more or less curved, greatest length observed 45 mm., with a 

diameter of 27 mm.; Rlightly attached. Exterior exhibiting longitudinal lines cor­

responding with the larger septa wit11in, those on the dorsal side convergiug to the 

cardinal and alar septa; rarely smooth and commonly with folds of growth. Calyx 

more or less deep with three fossul::e, the cardinal one most prominent placed on the 

dorsal or convex side of the corallum, with the others disposed laterally. Septa, 
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alternately large and small, slightly dentate, from 45 to 60 of the former in adult 

examples, while the younge~t specimen' observed have 30. Cardinal and counter 

septa long and vrominent, alar septa short,; between these pri mary septa the oth!lI'S 

are arranged in bundles, the large ones nniting at their inner ends, and are commonly 

twisted (rarely straight) forming a small pseudocol umella. Lower part of the vis­

ceral chamber somewhat filled up with stereopla mao Tabuhe and dissepiments 
remote and very irregular. 

1'hi8 species can be readily separated from S, pro/ltlldllln, by the greater CUt'va­

ture of the corallum, shallower visceral cavity and more numerous septa, which, 

on approach ing tbe center of the calyx become more or less twisted, The last 

named feature never occurs in S. profitnclum. 

This common coral is more or les!'; abundant at all exposures of the Galena .. hales 

throughout Minnesota. Specimens vary from 15 to 45 mm. in length. The large 

and small epta vary from 60 to 120. Since so great a variation in the number of 

septa obtains in this species, it is advisable to consider a synonymous with it, 

S, crassa, S. 1nultiZoJllellosa and S. pal'vulrt Hall. A similar conclusion was reached 

by Billings in 1863 and by Nicholson in 1875. 

Several immature individuals of this species have been found growing on 

Rhin'icZictya, and occasiona.lly an adult specimen will show traces neal' the base of 

the corallum of its former attachment to some bryozoan. That species of this genus 

are attached to foreign bodies, at least during their earlier growth, is almost certain. 

As the point of union is very small, it i also quite probable that the individuals, on 

reaching maturity, became broken off by the weight of the cOl'allum. 

F01'1nal'ion cond locality.-Oommon in the Galena shales at many localities in Goodhue, Olmsted and 
Fillmore counties, ]\[innesota; Decorah, Iowa; Oshkosh, Wisconsin . It is also common in the Trenton 
limes tone at :Middleville, Trenton Fall, and elsewhere in New York; Montreal, P eterboro, and Ottawa, 
Oanada. 

Col/e(:{o)'s.-E. O. OIrich, W. R. Sco(]eld and the writers, 

MilS. Reg, Nos, 162, 207, 318,364,5840,6750,7144-7751. 

.' 
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STIlEPTELASM A BREVE It. Sp. (Ulrich). 

a 

J 

FI G. 7. 

II'i ;:. i, S("ep te/asma breve Ulrich , Galena limestone, n ar F ountain, Minnesota. a, an ayerage speci­
men, natural s ize; b, an unusually straigh t example; c, the flattened but entire calyx. of 
a nother specimen; d, represents t he greater part of the calyx of a fourth example, x 2, shOWing 
the central union and arrangement or t he septa a nd fovem in a very clear manner . 

Corallum free, simple, conical, small, curved, expanding very rapidly, the width 

greater thaa the hight. An average specimen is about 11 mm. high and 16 mm. wide 

acro. the cup. Tn a small specimen the measurements are, respectively, 7 and 

11 mm. Surface marked with fiue eucircliug lines and stronger annulations of 

growth; occasionally also with delicate vertical ribs. The latter seem, however, to 

he re -bricted to the lower half of the corallum. Calyx deeply concave, the bottom 

exteucling to a point a little beneath the middle of the hight. Septa large and 

small, the latter shown only in the extreme outer part of complete calices, the 

ormer extending to the center where they unite into four bundles of from six to 

eight in each. Principal septum straight, sometimes stronger than the others, 

extending to the center through a well marked fovea. The septa on each side of it 

arranged in a pinnate manner, uniting centrally. Lateral foveal narrow, but gen­

erally recognizable. Opposite septum forming the central one of usually fifteen 

septa that are radially arranged in the half of the calyx on the shorter or concave 

side of the corallum. As a rule it is distinguished by its greater strength aud prom­

inence. Lateral septa incon picuous, shorter than the others. Total number of 

septa in a pecimen of the average size about sixty-four, of which thirty-two are 

large and long, while an equal number belong to the intermediate rudimentary set. 

All of them seem to have been obscurely dentate, and but little elevated, so that 

they are to be termed ridge-shaped rather than lamellate. At the center of the 

calyx the 'epta inosculate, forming a limited number of cells bounded by spinulose 

walls. As shown in fig, 2d, the condition described is scarcely to be called a twist­
ing of the septa. Internal structure unknown. 
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This species seems to be nearS. cOl'niculum Hall, but is readily distinguished by 

its smaller size, more rapidly expanding corallum, more distinct fovem, and less 

twisted as well as less laminar septa. S. pro/ul/dum Conrad (Hall) is straighter, has 

a deeper calyx, and is eutirely without the central tw isting or inosculation of the 
septa. 

FO"mation and locality.-Rathcr J'are at t he top or t he Trenton limestone, ncar Fountain,Minnesota. 
Ten specimens collected by tbe author a re now in his cabinet. 

STREPTELASMA RUSTIOUM Billin.CJs. 

PLATE G, F lGS. 22, 2:1 . 

1851. St"eptelasma cO"nicu /w" EDWARDS a nd IIAHLE (non Hall). Monograph Poly. Foss. dos Ter r. 
Pal., pI. 7, fig. 4. 

1858. Petraia ,'Ustica BILLINGS. Geological Survey of Oanada; Report of Progress (o j' 1857, p. 168. 
1875. Streptelasma comicu/um NICHOLSON (non Hall ). Palreontology of OhiO, vol. ii, p . 208. 
1875. SI1'eptelas11!u cO"niculu", (partim) NICnoL ON. Palreontology of the Province o( Ontario, p. 26. 
1882. SI1'eptelasma c01'niculu7n HALL. Elel'entb l'teport State Geologist of Indiana, p . 376, pI. 5 1. 

figs. 2-4 . 
1889. Streptelasma " usticu", MILLER. North American Geology and Pah1)ontology, p. 205. 
1889. Sh'eptelasma cO"nicul""" NlcnoLst)N. )fanual of Palmontology, 1'01. i, p . 2-17, flg. 127B; p. 278, 

279, figs . 15M, B; p . 280, fig. J 57; p. 297, figs . li8a, 178b. 

Ol'iginal descl'iption,- " Straight 0 1' slightly curved, covered with a strong epitheca, 

which is more or less annulated with broad shallow undulations; radiating septa 

about one huudred 0 1' usually a little more ; much confused in the center, where they 

form a vesicular mass; every alternate septlllTI much smaller than the others, only 

half of the whole uumber reachiug t he center. Length from two inches and a half 

to three inches and a half. Diameter of cup one inch to one inch and a half ; depth 
of cup half an inch or somewhat more." 

This species attains a larger size t han S. comiclllu1n Hall, with which it i us ua lly 

identified, and differs from it in having the septa more strongly twisted and coarser 

in approaching the center of t he calyx, where t hey form a vesicular mass or pseud\)­

columella. 'fhis central twisting of t he septa is not '0 pronounced ill Minnesota 

specimens as it is in individuals from Richmond, Indiaua. A large series of speci­

mens will exhibit considerable v:1riation in the extent of the central vesicular mass, 

and though it is usually of much coarser construction in the form described by 

Billings, it cannot be denied t hat the two species a,re very closely related. 

F01'mation and localUy.-I n thp Hudson R i I'er g roup ncar Granger, and at Spring Valley, Minnesota; 
Gra f, Iowa; Richmond, Indiana; Ox(ol'd and Dayton , Ohio. S nake island, lake St. John, a nd ?>raniLou­
waning, Georgian bay, Oanada. 

Collecto1's.-W . H . Schofield, E. O. Ul riCh , a nd the wriLe rs. 

Mus. Reg. Nos. 7753, 7754. 

, I 
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Section MADREPORARIA PERFORAT A. 

Family PORITID.tE. 

PROTARlEA VETUSTA ZTall, sp. 

PLATE O. II'l G . :.?t. 25. 

1817. Porites~ vetusta HALL. Pa l'l'ontolog-y of New Yo rk, 1'01. i. p. 71, pI. 25, fi g. 5a, 5b. 
1850. ,ds/I'o;opora vetusta d·O RBIGNY. Prodrome de Paleootologi . 

l PI'OllLl"rea. 

1851. Protm'ea vetILsta EOWAHOS and IIA I~[E. Monograph Poly. Foss . closTerI'. Pal., pI. H, fig. 6 . 

1 75. Prota'rea vet list a N I rrOLSON. Pala:lOntology of Ohio, 1'01. ii, p. 22 1. 
1875. Protarea vet llsta N ICHOLSON. Pahcontology of the P rovince of Ontario, p. 9. 
1882. P rotarea vetILBta IIALL. Elevellth Rep. State Ge log i t of Indiana, p. 378, pI. 49, fi g. 4. 

Original descl'iption.--" A sub-hemispheric coral, composed of irregular concentric 

lamin iE; cells vertical to t he lamin re; openings upon t he surface, nearly circular, 

with inte rnal vertical lamell a! which reach half way to t he ceuter." 

The following description is that of Nicholson (Pal. Ohio, vol. ii, p. 221): 

"Corallum fo rming t hin crusts, abo ut one th ird of a line in t hickness, which 

grow parasitically upon foreign bodies. Calices nearly equally developed, usually 

hexagonal, abo ut one line in diameter or rather Ie s, shallow, t he bottom of the cup 

beiug t uberculated. Septa twelve iu number, sub-equal, ex tending but a short dis­

tance inwards towards t he center of t he visceral chamber. Walls of the calices thick." 

Mr. Ul rich has a specimen of t his species f rom the upper layers of the Trenton 

shales of" St. Anthony hill," St. Paul, Minnesota. He writes Uti t hat t he specimens 

from the Cincinnati group a nd identified with t his species have larger calices than 

those co llected by him from the rrl'enton at Pauquette Rapids, Canada, which are, 

undoubtedly, like t he specimeu f rom Miunesota. If t his difference is a specific one, 

which is very probable, t hen t he specimens from t he Hudson River group and 

referred to th is species should be distinguished by another name. It may be that 

t his is the form named ill 1851 by Edwards and Haime, p.ro/area verl1e1tili (Pol. Foss. 

des '1'er1'. Pal., p. 71.) 

Formal'itm and tocality.-A single specimen of t hi s pecies ha been fO llnd in the IIudson R iver 
grollp at Spring Valley, Minnesota, upon a fragment of a pecies of Rajinesquina. It is also fo und io t he 
upper portion of this group at Ri chmond, Indiana; Oxford, Waynesville, etc, Ohio, and W ilmington 
Ill inois. In tbe lower portion of the Trentun formation a t WatCl't.own, Ncw York; P etcI'boro and nea;' 
Ottawa, Canada, and t. Pau l, Minnesota. 

Nus. Reg. No. 7725. 



Anlopol·u.l 
SPONGF,s, GRAPTOLITES, CORALS. 

?Order -".\LOYONARll\ . 
Family AULOPORIDE. 

AULOPORA (n TRENToNENers, n. sp. 

PLATE 0 , FlOS. 20-28. 

Corallum adnate, growing on ramose bryozoa of various species, uuiserially di -

posed. In most cases the bryozoan has kept pace with the Attlo]Jora and grown over 

it, so that the sub-circular apertures of its corallites alone remain to attest its pres­

ence. Corallites i:>hort, about 2 mm. long, subconical, increasing rapidly to the 

aperture; the latter elevated, slightly oblique, snbcircular, about 1 mm. in diameter; 

outer surface with faint encircling lines, and occasionally still finer longitudinal 

lines. Generally, every second corallite gives rise to two buds, and these in their 

turn to one each. The buds are developed from the under side in the anterior 

third of the parent cOl'allite. In rare instances three buds seem to have been given 

off simuitaneously, but one of these is always abortive, failing to attain full develop­

ment. Interior of corallites apparently without structures of any kind, the cavities 

being filled with the matrix only, and where this is removed, in direct commuuication 

with each other throughout the (Jolony. Blunt spine-like projections may be noticed 

on the inner side of the 101l'er wall, but these occur only where the cOl'allum has 

grown upon Batostomu winchelli Ulrich, or such other forms having well developed 

:1c:1nthopores, to show through the substance of the parasitic Anlopom. 

The absence of septal striCB and spines, and of tabulCB throws some donbt upon 

the generic position of this interesting species, and we are not sat.isfied that it is an 

Aulopora. Still, as the coral agrees very well with the genus in all its external 

characters, and since the internal characters of but few of the species are known, we 

believe it sufficient for the present needs to classify the Trenton species as above. 

This is the only coral of the nature of Aulopom known to us iu Lower Silurian 

rocks, the A. a1'ucltnoidea Hall, beiug a bryozoan of the gen us Stol1Zatop01'a, Bronn. 

There is no associated fossil with which it might be confounded, with the possible 

exception of the tubiculous annelid Conclricolites minor' Nicholson, the tube of which, 

like the present species, frequeutly attach themselves to monticnliporoids, and were 

more or leRs completely overgrown by their host. Even in the la,tter event, the 

rounded aperture of the CO/lchicolites left open in the surface of the bi'yozoan may 

be distinguished by their less regular distribution and rather smaller size. 

Formation (md locality.-Not uncommon in the lower and middle beds of the '.rrellton shales at 
Minneapolis, St. Paul, three miles south of Cannon Falls, and near Fountain, JlIinnesota. 

Collectm·s.-E. O . Ulrich, and the writers . 

MU8. Reg. No. 8240. 

" 
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ON LOWER SILURIAN BRYOZOA OF 
1I1INNESOTA. 

BY K O. ULUI{'II 

INTRODUCTORY REMARKS. 

To the Bryozoa must be accorded the first rank among the various classes of fossi ls 

that are represented in the Lower Silurian rocks of Minnesota. They are entitled to 

this distinction, first, because of the great variety of form and structure found among 

them, and, second, becanse of their exceeding abuudance, in the way of individuals . 

In both of these respects their representation exceeds that of the Brachiopoda, which 

doubtlessly held the !lecond rank, in the approximate ratio of two to one. So plen­

tiful are their remains in some of the beds, particularly in the shaly members, that 

they may be said to con titute no inconsiderable part of the strata . . In the rrrenton 

shales the intercalated plates of limestone are literally covered with them, and they 

are not rare even in the massive limestones above and beneath the shales, which 

were deposited under conditions much le 's favorable to their development. In short, 

of every impartial collection of the Lower Silurian fossils of Minnesota, the Bryozoa 

necessarily constitute a large proportion, not only of the number of species aud spe­
cimens, but of its bulk as well. 

The importance of the Bryozoa from the view of the stratigraphical geologist, i 

again second to no other class of fossil remains. Many of them have a wide geograph­

ical distribution, and as they nsually occur in greater 01' less abuudance, and are very 

persistent in their characters, their value as data upon which to base correlatious of 

strata at widely separated localities cannot be overestimated. Many of them, espe­

cially of the uborder Tl'epostolllata, are serviceable even where other fossi ls are too 

imperfect, since with the ai.d of thin sections mere fragments can often be identified 
with certainty. 

[96) 
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Intl'ud uctiun 1 
BRYO%OA. !'I 7 

Living Bryozoa are all inhab itants of ,·vater, and ma inl y of t he sea, occ urring In • 

all zones and at varying depth., though seeming in general to prefer clear ~L11d sha l­

low waler. W ith the si ngle exr,eption of the genus LoxosoII'!O, t hey are composite 

l1n im als, which by t he combin ed efforts of the individual polypides built up colonies 

of greater or les. ex tent, and of either a. calcareous, corneous, or membranaceous 

composition , by means of repeated, continuous gemmation. These colonies, in both 

t he Ii ving and foss il forms, presen t so great a variety of form and habi t, that it is 

difficult if not impossible, to express their growth by any definite formu la. Some­

times they grow in plant-l ike tn fts, co mposed of se ries of cells variously linked 

together ; sometimes they spread over shell s and other foreign bodies, formin g en­

tire crusts of exquisite pa,ttem , or deli cately interwoveu threads; sometimes they 

rose in to cora l-like masses, branching stems. and narrow or broad fronds ; at otber 

t imes the cell-bearing branches form ed most beautifu l a nd regu lar open -meshed 

lacework. 

However di verse the extermLl aspect of the combi ned prod uct, t he small bu i lders 

themsel ves conform to a simple and quite definite type. Con.·idered briefly, t he 

polypide consist. of an alimentary canal in which tbree distinct regions, an cc~o pha­

gus, stomach, and intestine, are recognizab le. This is enclosed in a sac, aud bent 

upon itself so that its two extremities or open ings approximate, one of them, t he 

oral, being fnrni shed with a number of 'lender, hollow, and ciliated tentacles, 

whose movement causes the food to be brought to the mouth . As a rule, t he all al 

opening is sit uated without the ring of the tentacles. Generall y t he upper surface 

of the sac is flexible and capable of being invaginated by the action of retractor 

muscles attached to the alimentary canal, '0 that when the animai retreats in to its 

cell t be in verted portion form l:i a heath around the tentacles. Heart and I'a cul al' 

.'ystem are wanting, but a nervous ganglion is present, <tnd reprod ucti ve organs a re 

developed in vari oLls positious within the ci\,vity of the cell. The Ol'a, may be 

developed in a special receptacle (marsupium) attached to t he zOOJcium, or in an 

inflation of the surface of t he zoariulll, so metimes called a gonoc!Jst,. in other cases a 

modified zOroCiulU (goncecium) is set apart for reproductive functions. Th e general 

term ocec ilt1J! is appl icable to a ll these structures. Many Bryozoa are provided with 

appendi cul a r organs called av icularia and vib racula. 'l' be avicularia may be pedull­

cul ate, and sway to and fro, or they may be immovably attached to tbe zoccciulll. 

The vibracula are flex ible, bristl e-like appendages, set in the excavated 'ummit of a 

blob-like elevation or hlunt spine. Tbe acanthopores founel so freq uently among 

paleozoic Bryozoa, were probably the supports of simil ar "truct ures. 

- 7 
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TERMlNOLOGY. 

ZOARJUM ( ]Jolyzoarium and CC1!IUr'( iUI1I auctt.) :-The composite structure formed 

by repeated gemmation. 
ZOCECIUM (= cell auctt.l:-The true cell or chamber \U which the polypide is 

lodged. 

MESOPORES (= interstilial cells auctt.) :-The angular or irregular cells which 

occupy the space between the zorecia in many of the 1'repostomata and some of the 

Cryptosto1na ta, 
VE ICULAR TISSUE :-The vesicles which occupy the space between the zorecia 

in Pachyd-ictya, the Fistulip01'idre and other p~deozoic Bryozoa. 

ACANTIIOPORES (- spini;tonn coraUites Nicholson, spinifonl! tttbul'i Ulrich, JV and­

?'oltrchen Dybow 1.i l :- The tubular spines which are found in so many paleozoic 

Bryozoa, notably Dek((yia, Leioclema and Batos/o?11a. 
MEDIAN 'l'OBULI (TV(lnd~trtiJlge Dybowskil:-Very slender tubes which are present 

between the zorecial wall s and the mediau lamium of certain double leaved forms 

(e. g. Rhi?lidictyonidcel. Their apertures at the surface are sl ightly elevated and 

present the appearance of series of minute granule. The small granule.' in Rhomb­

OP01"([, Stenopora and other genera, are supposed to be of the same character. 

COMMUNICATION PORES :- Small pores which paRS through the walls of the zorecia 

and establi h communication betweeu adjacent cells. 

OCECIUM (= ovicell, gOllocyst. gonceciU?n auctt. l :-- A mouilieu zorecium set apart for 

reproductive functions, the inflation of the zoarinm iu which the embryos are devel­

oped, or a special receptacle (mar~upium) which is attached to the zorecium, and 

s'erves the same purpose. 

DIAPHRAGMS (= tabttlce and septa auctt.):- - The straight plates which cross the 

tubular zorecia. and mesopores in the 1'repostomata and ;t few forms of the Cl'yptO­

stomata. 

CYSTIPIIRAGMS :- - The convex p1:.ttes which line the walls of the zorecial tubes in 

some of the 1'7'eposto1nata (Pmsopora). 

ZOCECI.H COVERS (opercula) and PERFORATED DIAPIIRAGMs:- Horizontal plates per­

forated 'ubcentrally, covering the zorecia in the 1'?·eposto?nata. As growth proceeds 

in the colony these are left behind in the tubes, and mark the successive stages. 

HEMISEPTA :- The 5uperi or hemiseptum is a plate or laminar projection within 

the posterior border of the primitive zorocial aperture, common in the typical C?'yP­

tostomata. The infer ior hemiseptLlm is a similar projection on the anterior wall , or 

on the median lamime of bifoliate forms, situated a short distance beneath the supe­

rior hemiseptum. One or the other, or both may be absent. 
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LUNARIUM :-A more or less thickened portion of the posterior wall in many 

paleozoic Bryozoa, which is cUl'ved to a shorter rad iu n.nd nsually projects above 

the ' plane of the zoroc ial aperture. It i ~ of crescent ic form, and generall y a con­

sp icuous feature in tangential sections. 

PRIMARY APER'l'ORE :-" '1'he original oriJi ce" of the zorocium in the Cryplosto-
11utlct. 

SUPERFICIAL APERTURE :-The outer ori flce of the tubular prolongation (ve, t ibule) 

of the original apertnre. 

OBVER~E and REVERSE :- Two terms employed to designate, respectively, the 

celluliferou .. aud non-cellulifel'ons faces of the zoari.iL of the Fenestelliclce, Acantho­
clacliiclce, a,nd Phyllop01·iniclce. 

DISSEPIMENTS :- -Shol't non-celluliferous bar, connecting the cell bearing branches 

in the Fenestelliclw, at short and regular intervals. The rounded, hexagonal, 01' q nad­

rate meshes of the network thus formed are known as the" fenestrules. " 

The following brief remarks upon the preservation, methods of stud y, class ifi ca­

tion, and geological distribution of fossil Bryozoa, t he paleozo ic forms of America, in 

particuln.r, may be of n.ssistance to stud euts. A more co mprehensive general dis­

cussion of the subj ect is to he founcl in the introd uction to my recent work in the 

eighth volum e of the reports of the Geological SUl'lrey of I ll inois. 

PRESERVATION. 

It is ev ident that t he hard parts of the Bryozoa only could have been preserved 

in the fossil state . . Equn.ll y obvious is the fact t hat these parts could consist only of 

the outer investment of the polypides. 'file opport unities of t he paleontologist are 

restricted furth er to those in which this investment was calcareous, or corneo-calca­

reous. Judging from recent conditions, it wonld appeal' that of by far the greate r 

par t of t he extinct form s, the colonies or zoaria we re capable of preservation, since 

in a very large proportion of the living marine Bryozoa the skeleton is calcareous. 

Certain changes in the compos ition and structure of the zoaria have always 

accompanied the proce's of fos ·ilization. Indeed, it is probn.ble that the mineral con­

stituents of all fossil::; are never the .-ame as they were in the Ii ving sta.te. The least, 

and I am glad to tate, the commonest a ltemtion ill where the origiual ly amorpho us 

calcite bas been changed into the crystalline form of that mineral In most ca,ses 

this change has been ,'0 gradual, n.ncl the crystals formed. 0 minutely, thn.t very little 

of the structnre has suffered ob literation. Very often many of the minutest detai I.s 

are still to be recognize 1. This favorable cond ition prevails among the majority of 

fossil Bryozoa, and is especially remarkable among t hose derived from Lower Silurian 
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calcareo us shale :1nel limestone. When t he shales are of a g reeni sh color, as in parts 

of the middle third of the Minn e ota, Trenton shales at Minneapolis, and the shales 

of the Cincinnati g roup at Iron H.i 1ge a,nd Del,tlield in Wisconsin, t he intel'l1al struc­

ture was generall y co mpletely destroyed t hrough the coarseness of t he cry tallization. 

The same is t ru e in a great measure of forms occurring iu dolomiti c limestones. 

Sili cified Bryozoa are comparatively of ra re occurrence, especiall y in Lower and 

Upper iluri an rocks. Ln nearly all cases th i method of preservation is confined to 

ma~s i ve limestones, like the COl'l1iferous anel St. Loui , anel in most ca es it is 11llfa­

vorable, 0 far a t he minute in ternal structure is concel'lleel. Still , in specimen so 

preserved, t he externa l characters are orten \'I'onderfully perfect. Such pecimen .. 

have been fou nd at t he Falls of the Ohio, where t hey OCCUlTed iu the decomposed 

cherty lim e tones, from which they were washed f ree in a perfect acondi t ion, so fa r 

a outer features a re concerned, as when they were entom bed. Sili cified speeirnens 

may also be freed from the rock by means of dilnte acid. 

A rather common condition of preservation in Devonian and Carboniferous 

deposit·, i where the calcareous zoaria bave been eli 'sol ved away, leaving more or 

less perfect moulds in the matrix. This is usuall y a porous Ghert, like tha,t fre­

quently met with in tbe CO l'l1iferou limestone of New York and Cana,da, a nd th e 

St. Loui. lime tone of Kentucky; or it is iLIl ,ueuaceo us shale. This m ethod of 

preservatiou i · ofteu very favorable, since, by pressing heated gutta percha inLo th e 

empty mould', it is possible to obtain very erviceahle counterparts of t he bryozoan 

that left t hem. Sucb casts, if carefully prepared. often bring out the most minute 

clet,tils of ex tel'l1 al marking with urpri:ing fide lity. In t he case of ucb delicate 

Bryozoa like t he Fenestellid(l', these moulds ,ue to be pl'efened to t he usua l pre 'e rvatioll 

of calcareous sjJecimens, the latter beiug too liable to attri t ion and deco mposition. 

~IETHODS OF STUDY. 

The bulk of paleozoic Bryozoa, with which tbe American student is likely to be 

chiefly engaged, belong to the T1'eposlo l1/(/ta a nd Cryptostomrrta. In the e t he in tel'­

Ilal strncture i~ of very diverse types, anel it i ' impossible to al'l'ive at ,L clear concep­

tion of them without t he aid of thin sedion, . If possible, these should be prepared 

by tbe stud ent himself, and eveu if he cau not command one of the new. licing 

machines, he may still obtain very excellent r esults by the simple home-made method 

which I am about to describe, and wb ich se rved me in making t housands of sections. 

The materials l'eqnired are, O) a piece of sandstone (not too gl'itty*) eight or ten 

incbes wid e, ~ igh teell 01' twenty in hes long, <Lod of sufficient thickness to insure 

· 'I'liu l3uPllu \' h, ta (I'e '~ t lJ II C ur Lhc Ohio Wi\\'cdy b til e he ." )< II U \\' U tu IIiC fOl ' th e PU I'PU., l'. 

~r~~~----~--=--=~~~~~--==e=~~------------~------~ -
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solid ity; (2) (t p iece of water hOlle one inch t hi ck , a litt le wider , a nd fou l' or Ave 

inches long; (3) a b lock of' woou (w,tln ut i ' t he be t) one inch thi ck, two inche.' 

wide, and fou l' and one-half inches loug. T he edge. of the upper side are rou nded to 

At t he hand, whil e in t he lower side a shallow excavation, one and one-sixteent h 

in ches by t hree and one-eigh t h, is made to fit t hE! ordinary glas. sli p. T he excav:1,­

t ioll must be made so t hat t he centml portion of t he glass sl ip will bear upon t he 

hlock, while t he ends may have a li ttle play. 

Wit h a strong pai r of "wire nipper' '' a fragment is p i nched from t. he specimen 

of which sections are de 'ired. T hi s is taken iuto t he finge rs and r uhbed upon t he 

sandstone unti l t he surfalle is perfectly flat. This is t he mo t i mpor tan t part of t he 

process, ttnd t he g reatest cai'e must be exercised to retain (o r obtain, as the case may 

be) t he desi red a ngle. T hi s sur face j . now I'ubbed smooth upon t he ho ne, when t he 

fmg ment is ready fo r mou nt ing. A d rop of Ca,nada b,tisam is placed upon the glass 

lip, and t he g round face of t he frag ment il3to it. The s li p is now heated (on a, 

heating stage or over ;1, lamp) and tbe hal am allowed to boil for fi \'e or . ix secouds, 

wben t he li p is laid upon <t hor izontal p iece of wood to cool. After it is cold t he 

balsam shou ld be tested, and, if it is not ha rd and b rittle, must be reheated. If of 

t he propel' ha rdness, t he block is moistened, tbe slip placed into t he excavation, a nd 

t he supe rflu ous mate rial rubbed away upon t he sandstone. W hen nearl y t hin 

enough it is taken ont of t he block a nd fi ni shed u pon the hone. 

Afte r t horoughl.V c leaning and dry ing, t he section shou ld be covered wit h a fi lm 

of balsam iLlld a t hin sheet of glass. Ai r bubbles, if any are fo und, hould be expell ed 

by gently heating t be . li de and pressin g upon t he cove l' glass. 

Of course it req uir es a certa,in amoun t of experience and time to make good sec­

t ions, yet even t he beginne r ought to be ab le to make from twenty to t hirty section~ 

daily, whil e an expert may i ncrease t he number to forty a nd even fifty. 

For reaso ns abo ut to be mell t ionecl, these section.' must be prepared wit h a 

kn owledge of certain peculiarit ies which are common to t he Bryozoa, otherwise t he 

sections will be mislead ing. Take for example any ramo e or palmate fo rm, and the 

studen t will fi ud t hat t he zoarium of such Bryozoa is composecl primar ily of two dis­

t inct zones, a n inn er 0 1' axia l l'egion where the zocccia are tubular, mo re 01' less nearly 

ve rtical, a nd wit h very t h in ,·valls: and an oute r or pe ri pheral reg ion composed of 

t he same t ubes beut outwards a t vary ing a ng les in or ele r to reac h t he surface. Tn 

t hi s outer region t he zocccia a re suppo ed to have entered t he mature cond it ion, and 

i. t is here onl y t hat such accessory features a,8 t he acant hopores and mesopo res are 

developed. 

J 
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The necessity of two sections, a vertieal aud a transver. e, is at once obvious, hut 

as neitber of these sections will give us a cro sedion of the zoo.:cia in their periph­

eral regiou , where the adu lt and con equently t he most important characle rs ar e to 

be found, it is evident that a th ird section must be prepared, wh ich will enable us to 

in vestigate these char acters. Tbi, section, which is called " tangential," must di vide 

the zoarillm along a plaue parallel with the surface, and only a li ttle below it. 

OE bifoliate forms two tangential sections ought to be made, one passing through 

the zoariuro just below the surface, aud the other just above tbe median lamina. In 

thin examples or'th is style of growth one large section can be made to show the 

characters of the zomcia from their origin to the aperture. 

For massive, parasitic, or discoid zoaria, two ectidns (vertical and transverse) 

will ord ina rily suffice to bring out the principal character.', b ut it is advised tbat 

two or more transverse sections be prepared, divid ing the zoarium at different hi gh ts. 

In begi nnin g the stu Jy of Bryozoa the first essential is to learn to group them 

according to their outer form and mode of growth. The ontwa rd form, tbough 

extremely variable when the whole class is taken into consideration, is tolerably 

con -tant for each species, and not infrequently all t he species of a genus will adhere 

more or less strictly to some particular method of growth. On the other hand many 

very distinct types maya sume very nearly the arne outward form. But the dis­

crimination between these is a secoud step in t he investigation. 

The zoaria will usually ex hi bit one or t he other of the following condit ions: 

1. The petrasilic or incrusting zoariu m, in which the colouy is spread over fore ign 

bodie. Examples, Cera1n0p01'ella, Spatiopo1'a, Stomalopom, Berenicea, etc. 

2. The laminar zoarium, is a thin, free expansion, having the lower side covered 

by a wrinkled epitheca. Examples, many species of Fistulipo1'Ct, etc. 

3. The massive zoariurn, may be of irregular or rouncled form , free, attached at 

the base, or grow around some fore ign bocly. Examples, specie~ of llfonol1'ypet and 

lJionticnlipom. 

4. 'fhe discoid ZOal'illlll has the form ot a plano-convex, or concavo-convex disc; 

or it may be con ical. The uuder side is concave 01' fl at and covered with an e pi­

thecal crust. Examples, specie of ProSOPO'I'CI , MesotryplI, and Leptot?'ypr( discoideet 
Nicholson . 

5. 'l'be bifoliate zoarium, in which the zoo.:cia diverge from a double median 

lamina, or ba al plate, and open upon t he two surfaces of a foliaceous expansion, or 

of Battened branches. EX:1mples, all t he Rlt inidictyonidw and Ptilodictyon'id(('. 

6. The dendroid or 1'a1l10 e zoarium, in wh ich the entire free surface is celluli­

ferou" is very common among paleozoic Bryozoa. Examples, Batostomella, Bythopom, 
Hemiphmgma, Nemalopom. 
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7. The frondescent or palmate zoarium is a modification of the ramose, differing 

from it in the fl attening and expansion of the branches. Examples are Hete1'otl'ypa 

f rondosa d'Oroigny and H01ltotrypa .flabellata Ulrich. 

S. 'l'he jointed zoal'ium, in which it is divisible into a great,el.' or less number of 

subequa.l segments. that articulate with each other either terminally or by means of 

late-raj sockets; is illu;;tratecl in Heiopora, A rllll'ociema and Al·th·ropora. 

9. Tbe fenestrated or inosCltlatil!9 zoarium , a.s in Fenestella and Phylloporina. 

Tbe pinnate zoarium is a modification in wbicb the pftrts of the fronds are feather­

like in their arrangement. Pinnrttopora and Acanthocladirt are examples. 

If the specimens under investigation fall under any except the last two modes 

of growth, they will probably exhibit either groups of cell-apertures larger than the 

average, commonly mised above th e surface and t herefore known as "monticule. "; 

or cl usters of small cells or smooth spots call ed" maculm." The monticules may be 

rounded, low or conical, and s-ometi mes ridge-like. Example. are shown ou plate 

XXII, in fi gs. 1,13 and 24. Frequently tbere is a combiu ation of large and small cells 

as in figs. l8 and 19 of tlle same plate. Tl'Ll e maculm are best developed in the 

Fist.ulip01·idce, in which tbey consist of aggregations of lentir.ul ar vesicles, but on 

plate XVI, fig. 6, is a good example of the kind in whicb tbe cell s are tubular. The 

non-poriferous margins, ,'0 common among the bifoliate Bryozoa, are most probably 

a modi6cation of the macul oo; see plate VITI, fig. 19. 

The presenre or absence of' interstitial cells between the ordinary zomcia, and 

t he determination of their cbaracter when present, is the tbird step in our investi­

gation. These cells may be of the nature of "mesopores "-small, closely-tab ulated 

tubes, as in P'l'USOP01'(( and Caltopora (pla tes XVI, XXI, and XXll), or the interspaces 

may be ·occupied by "vesicular tissue" as shown in fig. 4 on plate lX, a vertical 

section of Pacltydictya. ji·ondosa. rrhe zoal'ium of Monotl 'YP(( is cthftracterized by the 

r,omplete absence of both mesopores aud vesicles (see plate XXYII, figs. 24- 29). 

Important diagnostic characters are to be observed in the character of the 

mouths of the zoo::!cia. They may fo rm short tubular projections (plftte II, fig. 6), be 

enclosed by a smooth rim or peristome (plate I, fi gs. 17 and 2 ), or tbe rim may be 

minutely papillose (plate XIV, fig. 22) ; or the mouth may be Jepressed and situated 

in a .. loping area (plate X, fig. 24). Other conditions, described by the terms" direct," 

"oblique," and " confluent," are obvious without the citation of exam pIes. 

Of other ex ternal features, the arrangement of the zoa:cin,l apertures, ancl the 

charRcter audmark ing of the i nterspaces houlcl be noti cecl. 

In the further progress of tbe iuve ·t iga,tion, wbich is now carri ed on chiefly by 

means of tbin sections, it is necesRary to cletermine the presence or absence, and the 
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cha,r;'l.cter of the c. acanthopores," "med ian tubuli," " lullar ium," zorecial cove r. , a nd 

'C bemisepta." the lisposition a nd characte r of t he c, diaphragms" and " cystipltrag lll s," 

and the minute tructure and independence 01' n.malgamation of adjoining zorccia l 

wall.. 

Acanthopol'es may be small (plate XV. figs. 15 and 17) or large (pl:1,te xxnr. fig . 

35), and will generally have a yery mn.1l cav ity, but it may be comparatively large 

a in B(lios/oIJlQ (plate XXVlI, fig. 10). 

Median tubuli may be present between the me. iall amime of bifol iate forms and 

between the erect portions of the zOCXlc ia (plate IX, figs. 5 and 12). 

The lunarillJ11 i' . hown in several types on plate 28. ZOCXlcial covers usually 

Imve a mall subcentral perforation; they may be smooth (plate XXlf, fig . 23) or 

with a radial ornamentation (plate XXIII, fig. 26). 'l'he opening may be laterally 

situated, and i often clo ·ed. 

Elemisepta occur ch iefly among the Cryptostomata. On plate VI, figs. 7a and 

represent good examples of the superior one, while fig. 20 on plate xrv, shows the 

appearance of the inferior hemi ept,a. 

Di'l.phragl11~ may be remote or crowded (plate XXU, figs. 9, and 38), pl'eseut in 

the ax ial region (see vertica,l sections on plate XXIII) or absent (plate XXVI, figs. I and 

29). A. a rul e they are complete and straight, but they may be incomplete as in 

Hemiphragma (plate XX lV) ; and they are always more abundant in the mesopores 

than in the true zOCDcial tubes . Cystiphragl11s when present, occur in conjunction 

with the diaphragms. Usually they overlap each other, as in most of the vertical 

ection on plate XVI. Occasionally they are separated and appear as semicircular 

lines lining one or both walls of the zOCXlcial tubes in vertical sections, as in fig. 16 

of the sams plate. I n other cases they are oblique or funuel-shaped, as in figs. 3, 4, 

and 5, ou plate xvn. 
In most Bryozoa the ~alls of contiguous zOCXlcia are strictly independent and sep­

arable from each other, but in the Ceramopol'idce and F'istzdiporidce, t hey aI's com ­

pletely fused together. 

Among the remaining characters that are brought out by thin sections, it i. 

important to observe the relative length and shape of the primitive 01' axial portion 

of the zOCDcial tubes, anl t he strength and character of the curve in which they 

approach the ·urface. 

CLASS1FrcA.TION. 

'rhe clas. Bryozoa is divi led by Ray Lankaster into two very nnequal subclasses, 

the Holobmnchia, in which the lophophol'e, or ring of tentacles, is unbroken and COI1-

tinuous, and the PleJ'obI'Ctllchirt, in which it is divided in to two plumed arms or pro­

ce,'ses, bear ing ;t resemblance to the brallchial appendages of t he Brachiopoda. 
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According to Nitsche the Ifolobl'CLnchir( are again divisible into two very uneq n;L! 

g roups, t he Ectoprocta, in wbi h t he lophophore 'lllTounds the mouth only, and the 

Enlopl'octa, in which it encloses both t he orifices of the alimentary canal. 

The for mer divi.' ion embraces the great majority of the Bryozoa, and the seco ud 

of the two orders, Phylacloicematff and Gymnolcemata, of All man , into whi ch it i , 

almo t universally divided , compri se~, with very few exceptions, all the living and 

foss il marine fo rm.. f n the Phylacloill'mrltr( the lophophere is open Oil one side and 

horseshoe-shaped; in t he (}ymnolcema fa it is complete and circular. 

The second of t he,'e orders has been d ivided into five suborder.;;, the Chilosloll1a,{fI, 

Cl"!Jptosto'mata, T'/'eposlomaia, Cyclostomatn, and CtenosLomaLfI, al l of whi ch seem to he 

represen ted in t he paleozoic rocks of Ame ri ca. 

SYSTEMA'l'[c CLASS [F[CA'l'[QN OJ! PALEOW fC BRYOWA.* 

Sub-king'dom ::NIOL L C~( 10 [ DJ-1~.J-,"-. 

Class BHy OZO '-, E hrenberg'. 

Sub'class HOLOB RANCHlA, Ray Lankeste l'. 

Order G YMNOLJEMA TA, Al llTIM. 

Sub· order CHILOSTOMA'rA, Bu, k 

Orifice of zoceeium situated lateral ly, of smaller diameter thaLl the zoccciul1l. 

closed by a movable cover (operculum). Ova usually matured in extel'1lal 1l1ar~Llpia . 

Appendicular organ, (av icul aria and vibracula) frequently present. 

Genus: Paleschm'a HALL. 

l!"um i ly WORTllENOPOH ID1E, U /'rich. (PrOvisional) 

Genus : WorthenoPQI'U ULRlc n . 

Fam il,v PnAcELOPOnTD~};, Uh';vlt.. 

Genus: Phctcelo)Jo"a ULRICEI, 

Suborder CRYP'rOSTOMATA, Viue, 

Primitive zocecium as in the Gkiiostomaia. Orifice concealed, at the bottom of a 

t ubular shaft or vestibule, which may become intersected by 'traight diaphragm or 

hemisepta t h ro ugh t he direct super-i mposit ion of successively developed layer ' of 

polypides, External orifi ce rou nded, often closed by a perforated or entire rover, 

E xternal marsupia and aviculari a want ing. 

* T he classiflcatloll 110 1'e publlsllod Is a !i1l~ hL i lllp'·O\"OIlICIII !!POll t ht) .so hl~ rlle III \'oJ. viii, I ll. Ul'OI. $ UI '. n. ,~p·t.:; . ThaI. un..: 
r·e p l·e~ent(:d I,he state or 011 1' knowlod)!o 1)\1 Lhe su ujCt: l, In -'887- 8u. 
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Fam il l' PI' IT~ODl TYONlD.F., Zitte l. 

o nera: Pti/od-iciya LON DALE, ClaU"'opora H ALL, Phamopo1"U B ALL, Gmptodiciya UJ~R.lGn , Adh1"U­
pora U. , 1'<cniodictya U., Ptilotrypa U., S l icto/!ypa U., Slictoporella U., 1ntmpom BALL, Cosemella IIALL . 

.(j' am ily R 1IINIDTC']·YONID ..... 1!:, Ulrich. 

Gen era: Rhin;dictya LRlGJl, E"rydicty" U ., DicrmW1Jom U., Go niol'/'y pa U., Euspilopora D., Phyl­

lodietya U., Paehydietya U., Stietop01'a IIALL. 

Fam ily CYSTODTCTYON IO.li, UZ.·joh. 

Genem: Cystod'ietya U I~ H I C fl, CoseiniulII K IWSE R LING, Dichotrypa U., Aelinotrypa U. , Twniopora 
Nlc.:ll OT~SON, Prismopo"a HA I~L, Scalm-ipora HAI~L, E 'vaetinopo/'" M I"J:K a nd WORT Il EN, GtypIOp01'(' U" 

Gon1'ocladia ETHltlDOE, ACl'ogenia H ALL. 

Fam il y R In NOPORIO.E, Ul1'ich. 

Gen us : R hi"opora HA LL, 

Fam ily HELI0TRyrlDJE, Ul1-ieh, 

Genus : Helio tT'lJP" ULmcn, 

Fam ily ARTJlROS1.'YLlD.lC , m"ieh. 

Genera: A,'ih,'ostylllS U I~RICH, Helopora HA LL, Seeph'opor" ULmc n , A,'th1-oelema B ILL INGS, Nema­
topora UUtlCII, P Tharnnollypa RALL. 

l ?am ily R n A 13DOMESON'J'I0 .... 1": , Vi1J C. 

Genem: Rhabdomeson YOU:-IG and YOUNG, Cre/oeonus ULR ICIT, R hombop01'a M EEK, Nemataxis 
BAr~T~, Awnlhoc/em,a HALL, Baetropo/'a HALT" P Tl'op'idopora HALL, 

Fam ill' S1'HEULO'J' ItT PID.]l, Uhich . 

Genera: St,'eblot/'ypa ULR ICH, Cyelopora PROUT, ? P1'Outella ULm c n , ?Cyeloporella U, 

Fam ily SPITRAO·I OPORlD..I'l~: Ulrich. 

Genus: Sp /I1'agiOlJO,'a U Lmc n , 

Fam ily FENE TE I~LID.iE, King . 

Gon ra : Fenestell" L ONSDALE, S.,nieosci.nium PH OUT, Fenestrapo,'a HALL, I soh'yp" IIALL, '['eetuh­
p01'a HALL, Unitl'Yl'a HA I~L, Hemihypa PRILLIPS, Helieopo1'C£ C I~AYl'O r~E, A,'ehimecles L ESUEUR, lAJ" op0rCt 
HALL, Fenestralia PROUT, Polypora McCoy, ThamniselLs K ING, Phyll01JO,'a K ING, Plilop01'ina H ALr~, 
P tilop 01'ella HALL, P Loeulip o1'a HALL. 

Fam ily ACAN'l'IIOCLADITD.iE, Zittel. 

Genera: Pinnatopora VINE, Septopora PROUT, Aeanthocladia K ING, Synoelad;" KlNG, Diplop01'(j, 
YOUNG and YOUNG, Ptilopo,'a McCoy, P 1elhyoraehis McCoy, Y Penniretepo1'a d'O RHrGNY, ~ Rarnip01'a 
TOUT~A , 

Fam ily PJ1YLLOPORINm.-E, UI" ieh. 

Genera: P hyllopol'ina ULmcn, Chainodietyon FOEIlSTE, Dl'yJltotrypa ULRTt;H, ? Cl'isinella HA'LL. 

Subor der TREPOSTOMA'l'A, Ulr ich . 

Zocncia superim posed directly one upon the other so as to fo rm long t ubes 

intersected by ~traigh t or cnrved partitions (d iaphrag ms and cystiphragms), repre­

senting the covers and fl oors of the success ive layers, Two regions are distinguish­

able in the tubes, an ax ial or " immatu re" region in which t he di'1phragms are 

remote and t he walls tbi n and prismati<.: ; aud a peripheral or "matnre" region in 

which t be wall s are t bickened and otberwise cbanged, the transverse parti t ions 

more ab undant, and accessory elements, such as mesopores and acantbopores, devel­

oped, Zocecia l covers wit h a ,'mall central ori fice, 

Fami ly MON'l'lCU I~ ll'ORID "lC, Nicholson , 

Ge nera: Monticulipo1'a d'ORUTGNY, A taetopo rella UL I<WII, Romoh-ypella UL RTCH, Pel'onopo1'C£ NWH­
OLSON, H ornotrypa U ., Pl'asupo1'a NICHOLSON a nd ETHRIDGE, IIf esot,'ypa U , 
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li'"lmily H_ETEROT I{Yl~ [ DJEl U I'1'1:ch. 

Ge ne ra: H eterot"vpa NICTIOLSON, Del.-ayia EDWARDS Hnci IJAI~m , Petigop01'a lJ., Dekayella D. 

Family OALT"OPO HTDjE, UI1·ich. 

Ge nera : Callopora ]1 11 J"L, Callopo,'cUCL D., P Aspidopo"a D. 

LI'amily TRE)[A'I'OI·ORlD .l~ l UI7·ich . 

Gen I"a: TremCLtopom HA LL, Nicho lsouella D., COlls/ellaria D,\NA, S /ellip01"{( ITA LL, Jcliol"ypa U. 

Family BA'ros'I'o~LELJ"ID ;E, Ul,·icli. 

Genera: Batoslomellct U ., Slcnop ora LONRDAT.I£, AnisolrYlJa U., ByLhop01'a ~TIl,l L1J; 1 { anfl DYIr:H, Cal-
10tTypa HALL, Leioc/e",fl, (I . 

lramily A.'l L'LEXOl'OLUD.E, Ulrich. 

Ge ne ra: Amplexopora G., Monot,'ypellCL D" PetalotrypCL D., AtCLctop01'a D., L eptol1'ypa D., ? Disco­
trypa D. 

Family DrPLOTUYPID.lE, Ul?·ich. 

Ge nera: DiplotrypCL NICITOI"SON, Monotrypa N lc nOT"sON, BCLtOS/01ltCL D., ? He11l i pll1'agma D. 

Family OERA~IOPORlDjE, Ul,·ich. 

Ge nem : Cem11wpo"a HALL Cem1lloporeU" U ., Crepipo1"C! U., Diamesol'om IT ALT", Cld/opol'ellCL U., 
Ce1"C!lItOphylla 0., Anololichia D., Spat-iopom D . 

Fam il y F I 'J' lJ LTPOU ID"l" Ulrich. 

Ge nera: Fisl'.t/ipom M cOoy, EI'id0l'0m 0., Chilo/".~pa U., lI:feekopo1'CL D., S trolopom lJ., Liche11o /,'ypa 
lJ., Busk0710rCL U ., Selenopom H ALl", Pinaco/?'ypa I) . 

Family BO'J'RYT"I"OI'O IHD"l" ]IN/lei'. 

Genu s: Bob'yl/opo,.CL NlcnoLsoN. 

Suborder CYCLOSTOMATA, Busk. 

ZOCBcia very simpl e, tubular, with a plain, inopercul ate, circula r orifi ce; wall 

thin, minutely porous . Marsupia and appendicul ar organs wanting. 

Family 'r U13lJL1 PO HlD.llc, Busk. 

Ge nera: S lomatopo,'a BRONN, Proboscina 11 UDOU"LN, Be1"enicect LA)TOlJROUX, Diastoporina \1. , 
? B ed'rella RAT"r., F H e" noc/iCL HAr"T", ? Reptm'"ia ROLLE. 

Family FH.OND I P01-tlD.rl~ , R ellss. 

Genus: &encllopom U LHI 1[. 

Fa,mily ENTAI...OPITORTD ...-l ·:, Re'lls.~ . 

Ge ncJ"a: C/onopo,'CL DALL, Mi toc/e11!a U., Diploclema D., P,'otocr;si"CL lJ., ~ Cy., lopom HALT .. 

Suborder crrENOS'l'OMA'l'A, Bn k. 

ZOCBcia usnally isolated and developed by hud ling from the internodes of a distin ct 

tubular stolou or. tern . Orifice terminal, closed by an operculum of eke. Zoarillm 

horny or membranaceous. Marsupia wanting. 

]J'amily A SCOD IC'l 'YONIO..-li:, Ulrich. 

f:.c ncnl: Ascod'ictyon N IC II OT .. ~ON and ETlIltiDOE, Rhopa ionCtTia U., V'tnella U. 

. , 
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G EOLOGTCA L DISTRIBUTION. 

It i. a singular fact that no remain Ivbatever of Bryozoa are known from rocl, s 

of earlier date than the Chazy lime. tone of the Lower Silurian System. Here t he 

r ia. s . uddenly leaps in to a prominence, not only in the way of individual represen­

ta.tion, but in t be matter of diver ity of structure. that is both surpri sing and diflicn lt 

of explanation. Nor wa. it, as might be expected, the simpler types that prevai led 

here. On the contrary, it i 0 t he more complex type' like the Treposto'llwta and Cryp­

lostomala t hat are the most ab undant and diverse in their development. What may 

be even more surpri ing i. that every suborder known in t he fossil state wa 0 rep re­

. 'ented before the close of t he Lower Sil urian era. 

The vertical range of a few of the Lower Sil urian genera (Stomatpo1'(f and Bel'en­

irea), is likewise remarkable, and not equalled, .0 far as known, in any other cla.·s of 

animalS, excepting the Brachiopoda, of which the genus Lingula., the same as the 

bryozoan ge ll era a lluded to, bas living representative.. Still, as a rule, the vertical 

range of Bryozoa is restricted to comparatively narrow limits, and most genera and 

many families fail to pass from one .oy tem of rocks to the next. 

L OI'i'ER SILURIAN SYSTEM: As has beeu stated, true IJryozoa are first met with 

in the Chazy rocks of this system. fu this gronp, excepting some of the calcareolls 

trata in New York and Canada, originall y referred here, the conditions were often 

quite unfavorable, not only for their preservation but for their development as well. 

In the excepted beds several pecies of Phylloporina and Rhiniclictya belonging to 

the Cryptostomatrr, a considerable number of mostly undetermined Trepostomata, and 

JIitoclema. a genu" of the Cyclostomata, have been found. Following the rocks west ­

ward from Canada the calcareous beds are lost, but the arenaceons portion, there 

known as the St. Peter sandstone, a form<ttion totally unfitted for theit preserva­

tion, increases in thickness, and in Minnesota seems to be the only representative of 

t he formation. 'l'be marble beds at Knoxville, Tennessee, which probably belong to 

t he Chazy, are full of the remains of T1'eposto?nrrta, none of which have, as far as we 
know, yet received cri t ical stud y. 

Following t he Chazy are the Binibeye and Black River limestones and shales. 

The fi rst of these divi ions has a wide geographical distribution, being known from 

ew York and Canada to Tennessee and Kentucky, as a fine-grained, massive or in 

parts somewhat shaly lim estone. The shaly layeril are full of Bryozoa, among 

which the Cryptosto1nata a re preeminently developed. In Minnesota the greater part 

of the" 'f renton limestone" and the lower two-third of t he shales resting on it, are 

probably equi valent strata. Here the limestone is comparatively barren of Bryozoa, 

hu.t tbe shales, on the contrary, are exceedingly rich, afford ing also a greater di versity 
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of stmctlll'e t,han is known from any of the more outhem and eastern locali ties fOl' 

the group. 

Among the CTyptostollwta, both the Ptilodictyonid((, a nd Rltinidid!JonicZw reach 

t heir maximum development in this g roup, while the Al'lltrostylidll' and Pltylloporin ­

idee are both well repre ·euted. The 'i'l'epostoJnata likewise are strongly repre"ented, 

a nd in t he Minnesot(L sbale of the group every famil y of the 'uborder has beel1rec­

ogn ized. 'rhe Cyclostol1ult(( come i n with Stomatopora prou/wul, a species that is con­

t inuously I resent to the top of the Lower Si lurian, and J3el'enicea. 

In the Trenton limestones and shales proper. the Cl'yptostolliuta have lost 'some 

of t heir strength, w hilst that of the 'Pl'epos/o1nll/u i. increa .. ed by the addition of 

several genera--Prasop0l'a, JJlonticulipom, Stellipora lLnd Diwltesopora. The C!Jclo­

StOIJl(I/r1 add Pl'otocrisill(l, DiploclellUl, Scenellopom, and Diastopo'l' in fl. 

Nearly all the genera now introduced continue to the top of the Lower Silul'i ,Ln , 

and before t he close of t he era we find a rep resentative of the last of the fi ve su b­

orders, t he Chilostornatfl, in a species of Palesclwra. Th e 'l'repostolllota, however, 

again add greatly to their numbers in the Cincinnati group. in whi cb nei'Lrl y 200 

distinguishable forms of tbis 'ubordel' are known to me. These belong to 35 genera, 

gi vi ng every fam ily, with the exception 0 f th e Fistulipo l'id((J, a strong rep resen tatioll. 

Of t he Cyclostomata also t he ind ivivid uals a nd spec ies becam e more Il umerous, while 

t he Ctel1ostOl11ata added another species of VineU(( and the new genus Rhoplllollaritl . 

UPPER SILURIAN SYSTEM: The Bryozoa iu the rocks of this system are very 

di ffe rent from those of the Lower Si llll' ian. The 1'1'e))osto'l1t({t ({ are greatly reduced 

by the al most total extinction of the fam ilies JJIonticulip0l'idee and Helerotl'ypiclce, and 

a considemble reduction in the Callopol'idce, Ample.~opol'iclU', Diplotl'ypidce, and the 

Ceramoporiclle. But, the Fistuliporiclce, a fami ly that reached its greatest development 

in Devon ian and Subcarboniferous times, became prom inent here. Of t he Cyclosto­

m((l(( we have only DiZJloclema SPClI'SIt? Il, a Niagara fossil , of the Ctellosto'lnata, a few 

'pecies, and of t he Chilostomaia, l ikewise only a few fo r l1l of Paleschara. But t ue 

C1'yptostonwta inaugurate a new and vigorou start. Two new genera, Glathropo1'Ct 

:wel St.ictol1·ypa, are added to the Ptilodict!Jonidll', while the genera Ptilodictya, and 

Plwltopo1'll, of the same fami ly, became full y established. Rhinidicty((, Pachydict!J(( 

Ph!Jllop01"inCl, DI'Y1l!oiI'YP(I, IIelopom and Nellllltop01'(t, belonging to three other Eamili e. 

of t he suborder, are also well represented. The Feneslell icZw, of whi ch but a single 

Lower Si lurian species is known, increase in abundance a nd vi'Lriety from the Clinton 

to the Lower Helclerberg, in which most of the generic types of the family, so me of 

tbem however, not yet full y established , are already distinguishab le. N umel'ons , . . 
species of F'enestella cLncl Polypont , and one Ol' more each of Unil1'ypll, He1JlitI'Y]J!J, 
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Isotrypa, Tectnlipol'a, Se1J!icosciniwJI, Ptilopo'l"ina, an 1 Helicopo1'(/', have been described, 

The Acrrl1thocladiidll' begin in the Lower Helderherg with a few speciesoE Pinna/opor(/, 

and 1cthyorachis. and Rho1J/,[Jopora, belongiug to auother fam il y of the uborder, has 

one pecies iu the Niagara and several in the Lower Helderberg. rflle Cyslodictyon­

idrr, essenti,Llly a Devonian and Ca,rboniferon family, i ' ,11so met with for the fi rst 

time, a 'pecies of Dic/totrypa having been described from the Niagara of IlliIlois, and 

one or two of Cystodictya from the Lower Helderberg of New Yo rk. RhinopoTa is 

known only from the Clinton. 
rfhe abo ence of so man)7 characteri"tic Lower Silurian types, and the presence 

of most of the genera that are strongly developed in the Devonian, proves, 0 far as 

the Bryozoa are concerned, that the break between the Lower and Upper Silurian is 

sharper than the one between the Upper Silurian and the Devonian. 

DEVONIAN SYSTEM: Several hunch'ed species of Bryozoa have been described 

from the rocks of this age. The great mass of these are Cr!Jptoslolnata, and of t hese 

the majority belong to the F'enes/elliclrl'. Every genus of this family, excepting 

F'enestralia, Lyropor(/, and Archimedes, is more or less largely represented. '1'0 the 

same suborder belong C!Jslorlitl!JIlJ Dicld!lotr!Jpa, Prismopo1'C!J Scalarip01'Cl, Coscinium 

Tu'niopoI'll, Gl!Jptopora, and Acro.genil!, of the C!Jstoriil'i!Joniclll'; a Corniferous species of 

Pli/oclicty(( (the last known of the gen us), 'l'ueniodict!Ja, Illtrapont, and Co cinella, of 

the Ptilod ictyon/drt,; Euspillopora, of the Bli inidicl!Joniclll'; Rlwmbopom, Ne1nulaxis, .A Crt1l­

thoclema, and Bactropo1'Cl, of the Rhabclolllesontid(('; Streblotryp(!; ami Pinl1.atopo1'(( and 

Ptilopora of the AC(lnlhocladiic/w. The Cyclvsto1l!ata are included in the genera Clono­

POT((, Cystopor((, Heclel'ella, Herllodia , and Reptari((; Ascodiclyon represents the Cteno­

stomata . The Trepostol1!ata are represented chiefly by numerous species of Fistulipo1'(( 

a nd one or more of Ericlopora, Chilotrypa, lJfeekopol'((, Strotopol'((, Lichenotryp((, Buslc­

opo/'((, Selenopom, Pin1!acolrypu, BotryUopo/'ll, Jlionotr!lpellr!, Amplexopora, Pet({{.otryp((' 

Batostomella, L eioclelilCt, and De/cayiu, 

SOB-CARBONIFEROUS SYSTEM: rfbe Bryozoa of this age are very simil ar to those 

of the Devonian, and the majority of the genera of either are com mon to both sys­

tems. rfhe principal difference is found in tbe absence of some of the peculiarly 

modified Devonian types of the Feneslellidrl', l ike Unitrypa, LOGulipom, Fell est1'Op01'(t, etc. 

They are, however, replaced by the equally interesting-genera A1'Chillledes, Ly1'opo1'a 

and Fenestmlia. Among the Cy todict!Jonid(1' we mis' Sca/ul'ipol'a and ACl'vgellill, bnt 

their vacant place, are more than 611ed by the remMkable genera Evactinopol'a and Ac­

tinotrypa, Other Cl'yptoslollUlta a re TWlliodictya, :1 Stictoporella, Pinnutopora, 8eptopora, 

Ptilop01'(I, Diplopora, SphmgioporaJ Ccelocontts, Rltombopora, 1Jact'ropom, Acanthoclema, 

St'reblotTypa,~C'!Jclopom, Prou/ella and HeliotTYpo . The three last named, together 
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with Wortlienopora, belonging to the Cliilostomata" are new types. Among the TI'epo­

stomata, the FI:stulip01'id{/' are abundant, and Stenopora, Leioclemrf, Anisot1"!}prf, and 

Batostomellfl not uncommon. Both the C!Jclostomata anrl Ctenostoma/fl are poorly 

represented, each by one or two insigniJi cant species, 

CARBONIFEROUS SYSTEM: The rocks of thlS age are mostly un favorable ror the 

preservation of the Bryozoa, and only a few localities are known in this country 

where good specimens may be obtained. With the exceptiou of Stenopom and Fistu­

lipora all the observed forms belong to the cryptostomatous genera FenesteUa, 

Polypom, rr;~ctmnisc!ls, Acrmthoclctclia, Pinnatopom, Septopom, Diplopom, Sphragiopu1"a, 

Chainodictyon, Pl"ismopo'l"Ct, Cystoclictya, and RhO'inbopont. 

Tn America Bryozoa are rare or entirely unknown in tho stra,ta above the paleo­

zoic. ~ . ost of the species known are from the Cretaceou. and Tertiary rocks of ~ ew 

Jersey, Mississippi and Arkan 'as. In Europe the Trias 'ic sy -tem i equally poor in 

Bryozoa, but in the Jurassic they are represented by nea rly eighty species, most of 

them Cyclostomata. This suborder continues to be almost exclusively represented to 

the Cenomanian in which the Chilostomatrf are present, though not yet in very great 

numbers. Even in the Upper Cretaceous, from which d'Orbigny mentions 662 species, 

the C,!}closto1llat(f and T1'eposlomata are nearly twice as numerous a ' the ChilostO"lJ!rfta. 

In the Tertiary rocks the Cyclostomata have become less numerous and the Chil­

ostomat(( more abundant, the ratio of representation at the close of the age being 

approximately like the present. 
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Class BRYOZOA, Ehrenberg. 

Sub-order CTEN OSTO MAT A , Busk. 

Family ASCODlCTYONlDJE, Ulrich. 

Genu VINELLA, Ulrich. 

r-;1Iella, 1IJ" I<I(;1I, 1890. J Olll'. Cin. Soc. Nat. HiSL:, vol. xii, [1.173. 

Zoari um atta.ched to foreign bodies (shells, etc.), consistin g of exceedin gly 

slender. ramifying, thread-like, tubular s.tolons, arranged more or Ie s d istinctly in 

a radial manner. Surface of tubes sometimes fa int ly lined longitudinall y. A row 

of widely eparated mall pores along the center of t he surface of the tubes. ZO(Bci,L 

unknown. 

Type: Vill ella repens Ulrich. 

The fossil for whose reception this genus was proposed are regarded as related 

to "esicutaria, Thompson, a.nd probably al 'o to Mimosella, Hincks, both of them 

genera of recent Bryozoa. 'rhe zoceeia mu t have been deciduous and developed by 

budding from the creeping stolons at the po ints now represented by the small pores. 

The form that i ' de ignated the type of the genus, thongh one of the rare fossil s of 

the Trenton shale' of Minnesota, is justly entitled to that distinction, because it is, 

so far as om knowledge at present extends, the earliest existence of the gen us. 

Similar organi mare lmown to occur more or less rarely in the Hudson R ive r, 

Niagara, ? Hamilton and Chester groups of rocks in America, wh ile in the Wenlock 

of England and Gotland, the Ascoclictyon /'((dic~/rJl'1nis Vine, is unquestionably a con­

generic form. Still another form that [ wou ld refer to this sub-order i ' repre­

sented in my collection by several zoaria from the Upper Coal Measures at Spring­

field, Illinois. 

In the absence of the zocecia a satisfa ctory cIa sificatiou of these mostly obscure 

organi,'ms is perhaps impossible. Our observations are limited to the creepin g sto­

lons which, even in the recent Ctenostomata, are but illy diagnostic of generic types. 

Better material, carefully studied , may later on demon trate the advisability of 

erecting other genera for some of the types now classed as Ascoclictyon and VineUc£. 

In the pre 'ent state of' OLlr knowledge it is also most difficult to decide the exact 

limits of t he geuus AscodictYOI1, Nicholson and Ethridge, jun., and t he only plan that 

now appe,Lrs feasibie i ' to incl ude all , ,wd on ly such forms as possess the ovate 01' 
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pyriform vesicles. As Vinella, on the other hand, 1 would class those forms in which 

they a.t:e absent. According to this arrangement the Ascodictyon mdic(jo1'1nis Vine, 

would fall under Vinella. Not so, however, the A . filifonne of the 'ame author. 

This species, so far as I can learn, even in its most simple form, has always an occa­

sional "lagena-like vesicle developed on the sides of the thread," while some of its 

more complex varieties make a decided approach toward the Devonian type of the 

genus, A. siellatu1n Nicholson and Ethridge, jun. 

In the accompanying cut (fig. 8), ({, represents a cluster of ve icles of Ascoclictyon 

stellatlt1n, with a portion of the delicate tolon that connected it with similar clust~· . 

One example in my collection consists of eight of such clusters. In the majority of 

the specimens seen, however, the clusters are much less regular, and in many cases 

the vesicles are distributed with little or no regularity over the surface of the bocly 

to which the zoarium is attached. III all cases, when the fossil is in a good state of 

preservation, these vesicles, whether isolated or arranged in radial aggregations 

will be found to be connected with each other by a delicate filament; and in tbi' 

species at least, the surface of the vesicles exhibits a large number of minute pores. 
FlO. 8. 
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Figure b of the same cut represents a natural size view of the only specimen seen 

of the Cincinnati form, that I propose naming VINELLA RADIALIS. [t consists of foul' 

principal colonies or nuclei, growing upon an Orthoceras. Only the form i. preserved, 

and even that not well. Howe,er, sufficient remain to show that it belongs t o an 

undescribed species, with the probabilities p'eatly in favor of Vinella as its final 

resting place. The radial arrangement is more regular, and the radii straigbter 

than in any other forill of the genus known to me. 
Figures c and d of the same cut illustrate an uuquestionable species of Vinella, 

of which a number of excellent specimens were collected in the Niagara shales near 

Waldron, Indiana. One of the figures is magnified foul' and a half diameters, the 

- 8 
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other eighteen. In the absence of good examples of the English Wenlock species, 

Vil1ella radic~ro1'1nis Vine, sp., which these specimens must greatly resemble, I pl'opose 

to desigtlate the American form p'rovisionally as val'. OONFERTA, in allusion to the 

unusually close development of the nuclei . 

The inclusion of all the paleozoic Ctenostomata in one family, the Ascodictyom:dce, 

(see Geol. Sur. Ill., vol. viii, p. 335) is likewise only a provisional arrangement. 

Indeed, I am satisfied that Rhopalonm'ia, Ulrich, at least, which is evidently related 

to the recent Arachnidi'U'IIt, Rincks, belongs to a distinct family . 

• Figure 8e is taken from the best example of Rhopalonal'ia venosa Ulrich, now at 

hand.* This species, ,0 far as known, is restricted to the upper beds of the Hud~on 

Ri vel' group, and the specimen now illustrated is from those beds at Waynesville, 

Ohio. Usually nothing remains to attest the former presence of this bryozoan, 

except a series of shallow excavations in the substance of the body upon which it 

grew. These excavations, however, correspond very well with the form, or rather, 

the out.line of the cells and extremely delicate connecting stolons of the zoal'ium it­

self. The latter must have been quite liable to destruction during the process 

of fossilization, and, though diligently earched for, not a single example, so far as I 

am aware, has yet been found in which it is preserved in even a fairly satisfactory 

manner. In the best specimens the stolons are clear enough, but the swollen por­

tion of the zocecia is always more or less obscure. Now and then, it is true, some 

evidence is presented to show that the orifice was situated neal' one end in the center 

of a slightly elevated portion of the surface. These facts, though unfortunate, tend 

nevertheles to establish the ctenostomatous affinities of the fossil. If, as already 

intimated, Rhopalon.aria is related to Amchnidittm, then perfect zoarial preservation 

is not to be expected. On the contrary, if such a condition were common, a::i in cal­

careous zoaria, the relationship might well Le doubted, since the almost membran­

aceous zoarium of Arachnidimn and many other Ctenostomata, is, perhaps, quite 

incapable of preservation in a fossilized state. 

VINELLA REPENS Dl1·ich. 

PLATE I. I' WS.1-5. 

Vinella repe>l.8 ULRI CH, 1890. J our. Cin. Soc. Nat. Rist., vol. xii, p. 174. 

Original descl·iption.-" Zoarium repent, the stolons delicate, thread-like, often 

longitudinally striate, straight or flexuous; from 0.06 to 0.11 mm. in diameter; 

bifurcating often and sometimes arranged in a radial manner abvut a central node. 

Where best preserved, very small pores arranged uniserially along the center of the 

·Tbe original t.ype ot t.be gell us and species bas been mIslaid 01' lost. 
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upper surface of the threads; about eleven in 2.5 mm. Zocecia unknown, probab ly 
decid uous." 

In the Hud;;on River 'pecies, V. radialis, the average thickness of the stolons is 

a little less. They are also straighter and arranged quite regularly in a radial man­

ner. In the Niagara form, V. mdicij'r)?'mis, val'. conferta, the stolons are likewise more 

slender and the nuclei muc h more frequent. 

F01'mation and locality-Rare in the uppe r th ird 01 tbe Trenton hales at St. Paul, Minnesota. All 
the specimen seen bave grown upon nl ves of Strol'homena septata WiDcbell and Schucbert. 

Sub-order CYCLOSTOMATA Busk. , 

Genu~ STOMATOPORA, Bronn. 

A lecto. LAblx., 1821, BLAlNVJLLE, JOlI N TON, 111. EDWA.RD , BUSK, etc. (Not Aledo, L each , 18 1J .) 
Stornatopo1'a, BIWNN, 1825, Pflanze n th., p.27 . l1'ORDIGNY, 1852, Pal. Franc. t. v, p . 833. RAIME, 

1854, BI'Y. Foss. lco rm. Jurass ic, p . 159. ULmc R, 1882, Jour. Oin. 
Soc. Nat. R ist., vol. v, p. ]40 , [Inel 1890, Geol. SUI'. III. , vol. viii , 
p.367. 1\1eLLER, 1889, N. Amer. Geol. and Pal., p. 325. 

Stomaiol'o1'a (part. ), ]lINCKS, 1880, Brit. Mar. Polyz., p. 424. 
Aulop01'a (pa rt. ), GOLDFU.S, REUSS, HALL, NI CHOLSON. 

Zoaria ad nate; zOfficia subtu bul ~r, clu b- haped"or ovate, uot im mersed, arranged 

i n single branching series; apertures subterminal, more or less elevated, circular; 

wall s finely por.ous. 

Type: Aletto dicltotoma Lamouroux. 

I n draw ing up th is diagnosis I continue to follow Jules Haime and d'O rbigny in 

discriminating between the un iserial and mu lt i 'erial forms, desp ite the fact that a 

tendency to unite them under one name has of late become manifest. Hincks, for 

instance, places species here baving precisely the same zoarial habits a the Probo­

scina / roll closa (pI. I , fig. 28) of the Hudson River rocks. He would probably go far 

enough in t his direct ion to include even Berenicea minnesotensis. A nd yet he retftins 

Diastopom, with Bel'enicect as a sy nonym; The resulting classification is, to my mind , 

anything but satisfactory. With me the greatest difficulty is, not to eparate the 

un iserial forms, but to draw a line between Bel'enicea (as typified by B. diluviana 

Lamouroux) and the bi - and IDult iserial forms of wh ich Pl'oboscinn auloporoidea 

Nichobon, 'p., P. tum'ulosct, P.fronclosa Nicholson, sp., and Berenicect minnesotens·is are 

progressive examples. That some of these, a,nd ~e\Teral Secondary, Tertiary and re­

cent species of th is type, sometimes have the zocecia arranged uniserially at the base 

and at t he beginning of the branches i,,; scarcely a sufficient reasou for regarding them 

as congeneric with such invariably uniserial forllls as Stomatopom dichotoma Lamoll­

roux, S. proutana~ . A. Miller, S. i1~fiata Hall , sp., and a host of others. As I view the 

I I 
I 
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matter, the former in their mature or ultimate development, are much nearer Bel'enicea 

(Lamouroux, Haime, Zittel and others; Diastopol'a of Busk and other Briti h authors). 

Sharply defi ned genera are an impos~ibili ty in nature. She follows paths altogether 

too intricate to be expressed in a system of classification. The best result that we 

can obtain must be a happy medium between convenience and nH.tural affinity. Con­

venience, and st[Lbility as well, are urely ~acrificed when we throw together a num bel' 

of genera and then divide the compos ite genus, that ha;; now been mltde to assume 

the rank of very nearly a fam ily, into sections of que t ionable utility that no one is 

obliged to recognize, because they have no established validity in any system of 

classification. Is it not better, because it is convenient and saves time, to have it 

understood at once that when one . ays Stoma.topora, he refers to uniserial forms; 

P1'oboscina, to form s with similar zOO:lcia but partly immersed and in two or more 

series, and Berenicea, to such as hH.ve t hem form ing entire, f1abellate, circular or 

irregular crusts ~ 
The only change from the arrangement here retained that I am willing to enter 

into, and for whi ch good and probably sufficient reasons cau be advanced, is one 

that would drop Proboscina, leaviug Stomatopom to stand as at present for the 

uniserial species, and extend Bel'enicea so as to include the ground now occupied 

by P1·oboscina. 

STOMATOPOHA TE NUISSIMA UI1 ·ich. 

PLATE T, FIGS. 6 and 7. 

St07natop01'a tenuissi7na ULRlCH, 1890. J ou r. Ci n. Soc. Nat. Hi t., vol. xii, p. 175. 

Original description.-" Zoarium ad nate, consisting of frequently branching 

uniserially arranged zOO:lcia. ZOO:lcia exceedingly slender, about seven in 8 mm., 

each from l.0 to l.5 mm. long, usuall y increasing very gradually from the proximal 

end, where the diamet.er is about 0.04 mm., to neal' the slightly bu lbous anterior or 

upper end, which varies from 0.11 to 0.18 mm. in diameter. Aperture circular, small, 

about 0.05 mm. in diameter, situated very near the anterior end of the zOO:lcium. 

" This and S. tU1'gida illustrate the extremes of difference in shape and size of 

the zocO:lia of Stomatop01'a so far noticed. S. ten'Uiss1:ma is closely related to S. prout­

ana Miller, but its zOO:lc ia are much longer. Miller's species, with sCltrcely any 

modification, rauges from low in the Trenton (Birdseye limestone) to the top of the 

Hudson River group. 

Formation nad locality.- Toward the top of the Utica hori zon of the Hudson River group at Cincin· 
na t i, Ohio, 150 to 175 feet above low water ma"k in the Ohio I'i ver. 
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STOMATOPORA PROUTANA S. A. Miller. 

PLATE r, 1!'lOS. -J2. 

Stomatopomp,.outana S. A. MlLLElt, 1882. Jour. Cin. Soc. Nat. Ri st., vol. v, p. 39. 
Ropalona,-ia l,e,·ten,,';s ULRICH, 1886. Fourteentb Ann. Rept. Geol. Nat. Hi t. ur. Minn., p. 59. 
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Zoarium ad nate, consisting of frequently branching, uniserially arranged zorecia. 

Zorecia slender, clavate, about 0.04 mm. in diameter at the proximal end, increasing 

gradually in size to from 0.12 to 0.15 mm. at the rounded anterior end; each 0.6 to 

0.8 mm. long, with from eight to ten in 5 mm. Aperture subterminal, smal l, circular, 

with a slightly elevated rim-like border; 0.05 to 0.06 mm. in diameter. 

The above describes t he usual form of the species, but fig. 12 represents a 

variety occulTing in the lower layers of the 'I.'l'enton shale.' of Minnesota, and in the 

"Pierce" limestone of Tennessee, having unusually large zorecia. In thi s their 

length varies from 0.8 to 1.1 mm., whi.le the diameter in the anterior third is gen­

erally over 0.2 mm., and sometimes as much as 0.3 mm. 

In my preliminary report on the Minnesota Bryozoa th is species was erroneously 

placed under the ctenostomatous genus Rhopalollaria. At the time I thought it 

advisable to extend the limits of that genus so as to include these delicate species 

of Stomatopo1"Ct. Later studies have fully demonstrated the fallacy of such a view. 

Compared with American species, only S. tenwissima and S. inflata Hall, sp., will be 

found to exhibit any close relations. III the first t he zorecia are more slender and 

longer; in the econd they are much more iuflated. S. elollgata Vine, from the 

Wenlock of England, has slightly shorter zorecia of a form very nearly inte rmediate 

between those of S. pl'outana and S. inflata. 

F01"1nation and locality.-Tbi pecies occurs in the" Pierce" limestone of Tennes ee, the Birdseye 
limestone of central Kentucky, and the Trp-nton sbales of Minne ota at Minneapolis, St. Paul and Cannon 
Falls; also at Decorah, Iowa. 0 far it has not been recogni zed in t he Galena, but it is to be found, rather 
ral"ely though, in the Utica bori zo n at Cincinnati, Ohio, and more abundantly near the tops of tbe bill at 
that locality. It occu rs also bigher in the Hudsc, n Ri,'er rocks at sevemllocalities in Ohio and Indiana, 
and at Wilm ington, Ill ino i . 

M"s. Reg. Nos. 5926, a066. 

S'rOMATOPORA INFLA'l'A Hall. 

PLAT E r, li' [GS . 13-21. 

Aleeto injlata HALL, 1 n. Pal. N. Y ., vol. i, p. 77. 
Hippothoa injlata NlclloLSON, 1875. Pal. Ub io, vol. ii, p. 268. 
Stomatopor(! injlata VINE, Nov., l88 1. Quar. Jour. Geo l. Soc. London. 

Zorecia resembling those of Hippothoa, short and wide when compared with the 

preceding species, pyriform, the proxi. mal end contracted and springing from the 

under side of t he anterior end of t he cell beneath; eight or nine in 5 mm. Apertures 

I' 
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circular, direct, with a peristome, about 0.09 mm. in diameter, situated near the ante­

rior end. Mural perforations minute and but rarely preserved. 
In the Trenton or typical form of this specie the zorecia, as a rule, are less swol­

len and the adnate zoarium divides l e~s frequently than in the better known Cincin· 

nati form. In the latter, therefore, t.he network is closer, and occasionally the 

growth is 0 luxuriant that the rows cross each other to such an extent that but 

little space is left between the cells. No distinction, however, can be based upon 

these characters since, when good series of specimens are studied, it is found that 

among t.hose from Trenton localitie some have more than commonly swollen and 

crowded cells, while in some of those from the geologically higher localities the 

growth is lax and the zorecia comparatively narrow. 

Formation and locality.-Trenton group, at Trenton Falls, New York; Ottawa. Canada; Cannon 
Falls, and other localities in Minnesota where the upper third of the Trenton hales are exposed: Hudson 
River group at Cincinnati, Ohio. (350 to 425 feet above low water mark in the Ohio river), and in the upper 
heds at Richmond, Indiana; Wilmington and Savanoah, Illinois, and other localities. 

Mus. Reg. No .5924,8045. 

STOMATOPORA TURGIDA mrich. 

PLATE I. FIGS. 22 and 23. 

Stomato}Jora t1l1'gida ULRICH, 1890. Jour. Cin. Soc. Nat. Hist., vol. xii, p. 176. 

Original description.-" Zoarium adnate, consisting of a single branching series of 

zorecia. Zorecia comparati vely very large, the anterior half much swollen, rapidly 

tapering posteriorly, with the slender, tubular proximal end inserted beneath the 

turgid anterior end of the preceding zorecinm. Five zorecia in 5 mm.; length of 

each zorecium vary in g from 0.85 to 1.30 mm.; the greate~t diameter of the anterior 

half from 0.4 to 0.6 mm. 'l'he longe t cells are the least turgid, while the shortest 

are the most. Apertures ronnd, bordered by an elevated margin, small, 0.1 mm. in 

diameter, and situated about one-fourth of the l ~ngth of the zreoci urn from its ante­

rior end. 

"I have a number of ~pecimen of this species, and all consist of comparatively 

few zorecia. Nor do the series of cells' in any of them branch often; from which it 

appeal' that the production of two " gems" was a much less frequent occurrence 

than iu the related S. infiata Hall. S. tW'gida is further distinguished from that and 

all other species of the genus known to me, by the much larger zorecia." 

F01'mation and loccLlitl/.-Upper beds of ('he HlIds'Jll River g/'oup at Wilmingtoo, Illi nois . 

. 
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Genus PROBOSCINA, Audouin. 

P"oboscina (part .), AUDOUIN in Savigny, Desc. de l'Egl'pte, Pol., p. 236, 1826. 
P"oboscina, d'ORlllGNY, 1852, Pal. Fr. terr. cret., t. v, p. 844. HArnE,1854, E rl'. de la fo rm. Jurass . , 

p. ]0. Ulrich, 1882, Jour. Oin. Soc. Nat. R ist., vol. v, p. 149, a nd 
]890, Geol. Sur. Ill., vol. vi ii , p. 368. 

Not Proboscina, of S~lT·l·l' and others. 

Zoaria wbolly adnate. Zooocia as in Stornatopo1"a, excepting that they are mote 

or less immer[':ed and not uniserial, being arranged in two or more contiguous rows. 

For remarks relating to this genus see under Stornatopom. 

PROBOSCINA TUMULOSA, n. sp. 

PLATE I . IIIG. 24.. 

Zoarium adnate, branching dichotomously, or iuosculating, in the latter case 

forming an irregular large-meshed network. Branches narrow, generally with two 

or three, rarely four or five, alternating series of cell s. Zooocia subpyriform, or 

obovate, not wholly immersed, generally appearing a~ bulbous swellings on the sur­

face of the zoarium. Apertures subterminal, contracted, circular, slightly oblique, 

about 0.09 mm. in diameter, with a slight peristome. About five or six cell s in 

3.0 mm. 

Compared wi.th P1'oboscina frondosa (plate I, fig. 28) aud P. aulopo'}'oidea (bc.th 

Nicholson, sp. ), two Hudson River forms, this species is dist ingu ished by its shorter 

aud more bulbous zooocia, their shape being more like those of Stomatopom inflata 

and Berenicea minnesotens·is. The resemblance to t he last is so marked that I 'would 

not be surprised if coming discoveries prove P. tU1nulosa directly descended from it. 

FO"mation and locality.-Rare in the upper third of tbe Trenton shales at St. Paul; marc ahundant 
in t be same beds near Oannon Falls, Minnesota . 

Mus. Reg. Nos. 7620, 8047, 8101. 

PROBOSCINA FRONDOSA Nicholson. 

PLATE J. FIG. 28. 

Alecto frondosa NICHOLSON, 1875. Pal. Obio , vol. i i , p. 266. 
Proboscina f "ondosa ULRICH, 1889. Oontr i. to the Micro-Pal. of Oanada, pt. ii, p . 28. 

A figure, taken from an excellently preserved example of this species, is intro­

duced for the better understanding of, and compari~on wit h, Minnesota Cyclostomata. 

This specimen is from the hill quarries at Cincinnati, Ohio, but the species also occurs 

in the upper beds of the formation at many localities in Ohio, Kentucky and Indiana, 

at Nashville, Tennessee, Wilmington and Savanmth in Illinois, and at :Stony Moun-

- I . 
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tain, Manitoba. My belief that it will yet be found at Spring Valley, Minnesota, and 

other points in the southern par of the state, where equivalent beds are exposed, is 

therefore within the bound of probability. 

111" ,. Reg. No. 8102. 

Genu BERE ICEA, Lamouroux. 

Berenicea (par t.), L A110UROUX, 1821. Exp. meth. des gen res de pol. , p. SO. 
Rosacilla, F. A. ROE)1EH, 1840, V erst. de Ilorddentscil. Kl'eidegeb., p. 19. 
Berenicea, cl'OnBIGNY, 1852. Pal. Fl'. ten'. c l'et., t . v, p. 858. J. HAlliE, 1851, Bry de la form. 

Jurass., p. 19. ULRICH, 1882, Jour. ~in. Soc. Nat. Hist. , vol. v, P 191, 
and 1890, Geol SUI'. Ill. , vol. viii , p. 368. 

Diastopo1'a, d 'OHBJGNY, 1850, and BUSK and otbel' Engli sh authors. (Not Lall1ouroux.) 
Dia$topo1'a (plut.), H INC!> , VINE and oLbers, 
Saganella, HALL, J 52. Pal. N. Y ., vul. ii, p. 172. 
DiastopO?'ella , VINE,1 883. Brit. Assoc. Rep. F o S. P ol. , iii; and Proc. YorkS. Geol. Soc., n. s., vol. ix, 

pt. ii , p. 190. 

Zoaria incrustiug, forming circular or irregular patches. Individual zooocia as 

lU Sto1l1atopo'l'a and Proboscina, but contiguously arranged in more or less regular 

spreading series. 

Type: B. diluviana Lamouroux. 

For remarks relating to this genus see uuder Stomatopo'l'a. 

BERENICEA MINNESOTENSIS Ul1"ich. 

PLATE I I FIG S. 25, 27 and 29 ; PLA.TE II , li'16. 1. 

Berenicea mj",,"sotensis ULRICH, 1886. Fourteenth Ann. R ep. Geol. Nat. Rist . SUI'. Minn., p. 58. 

Zoarium forming exceedingly thiu, irregular crusts upon foreign bodies. The 

crust may be entire, with irregularly distributed and unequal non-celluliferous spots, 

or, especially at the edges of large expansions, it may throw off broad branches and 

include a few open spaces. III one example, provisionally referred here, the latter 

are so large and conspicuous that the zoariull1 ·may well be described as consisting of 

wide, irregularly inosculating branches.* Ordinarily the crust is nearly entire, and 

the non-celluliferous spaces, which, like the rest of the surface between the zooocial 

apertures, are marked with obscure transverse lines or wrinkles, constitute a con­

spicuous feature. Zooocia more or less immersed, in the latter condition appearing 

as subelliptical convex spaces, about 0.2 mm. wide, with an oblique circular aperture, 

0.13 mm. in diameter, at their upper ends. In such examples (see fig. 29) the aper­

ture is scarcely produced, but in others, more matured, it is prominent, while all the 

remainder of the cell is completely immersed. The arrangement of the zOCBcia is, 

· Per'ha ps MI ls speclmen Is to be cOll s ldered as i llc1lcat.lng a depal'Lul'C t.ha t. lateron resulted In Prob08C ill(L, ttwmlosG or Lhls 
work. 
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on the whole, inclined to be irregul ar, t hough fai.rly regular longitudinal series, and 

someti lUes diagonally intersecting rows can generally be made out. The ave rage 

number in 2 mm. is five or six. 

Compared with B. pl'imitiva Ulrich, from the Hudsou River group of Ohio, t his 

species is distinguished by its larger and less tubular zocecia, the interstit ial wrinkles, 

and t he non-celluliferous spaces. B. vesiculosn Ulrich, from t he Utica shales horizon 

at Cincinnati, is a nearer relative, but also has smaller zocecia, with the apertures 

less prominent. In most respect t he position of the Minnesota species is inter­

mediate between t he two Ohio species. 

F01'1,,«tion «nd loc«l'ity.- N ot uncommon in the lower and middl e hcds of the '.rrento n sbales, at 
l\lin ncapol i and St. Paul, Min nesota . 

M1Ls. R eg. No. 5925. 

Genus DIASTOPORlNA, Ulrich . 

Dias topOl'ina, Ul ri ch, 1890. Jour . Oin . Soc. Nat. Rist ., Y01. xii , p. 177. 

Zoariu m bifoliate, in general resembling Diastopom (Lamouroux, not Busk). 

Zocecia sub tubular, prostrate, immersed ; apertures constricted, snbcirc ular, not 

prominent . Interspaces finely punctate and striated longitudinally. 

As only one species is known, it is difficult, if, indeed, it is not impossible in all 

such cases, to determine the really essent ial characters of t he genus. rfhe stri ation 

of the inters paces is a peculiar feature and the chief grouud for separating the 

species from Dinstopora, a genus so far not known in strata older t han J urassic. 

The Minnesota species, however, presents many points of agreement with species of 

that well known genus, and it may yet be shown that it represents merely an earl y 

t ype of same. This resemblance or possible relationship is paralleled in Mitocle1n({, 

Ulrich, and EntalopI101'((, Lamouroux; D'iploclerna, Ulrich and Bicliastopom, d'Orbigny; 

P'rotocrisin({, Ul rich, and Crisina, d'Orbigny; and Scenellpom, Ulrich, and D~fJ'((nc ia, 

Bronn, and Discocavea, d'Orbigny. In each case t he first is fo unded upon lower 

paleozoic species, while none of the genera with wbich t hey compare are as yet 

known in rocks earlier than Jurassic. With the exception of Entalophom ( ? Mito 

cle1na) one or more species of which occur in t he Devonian at the Falls of the Ohio, 

and in New York (Clonopom, Hall, 1887, Pal. N. Y., vol. vi), none of these cyclostoma­

tous genera are known to have had an existence in Devonian and Carboniferous 

times. Precisely t he same is t rue of Sto'lnatopora, P1'oboscina, and Bel'enicea. * But 

"' Sln oe wl'iLln l! Lll e a,bO\Te. a p 'Lj}Ql' l.llLS beon ,'ccch'eel r1'OUl Lhe Cnna.dlan Gcologlc,d Survey, In which Prot, J, F'. Wbi t.­
ea ves desc ribes one species each of StonwiopoJ'ft a nd Probo/jci'tl(l , [ ,'om th e Devonian ,'oelis or Lhe fat' nOl'th. A t Illy r eq ues t., 
PI'o f, Wldteaxos Idndly SOIl LlUe the ty pes or tbe t wo pecies. T il ese were carefu lly exa.ulined by me, wi th the resul t. t.hat. I 
st.iIl hold tha t we have no posi ti ve c \"ldcnce or the exlsi ence of tbesc genera 10 D evonian deposits. Th e first is unquestionabl y 
vOl'y cl osely l' luted to R llO }JetlO1 lC1l'la botelLu8 Vill e, and not u. Stowotopora, The othor mny be a. Proboscilla, bu t. lt Isso d l ll'er eut 
f rom any t y pe or tb at gell us knowu t.o me Lbat 1 nm obliged to view I ts I'el atlons flS highly problem 3. t.l c:~ J. 

'\ 
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in these cases the Lower and Upper Silurian species are so nearly like the Secondary, 

Tertiary, and recent forms of the gene ra, that a generic separation has so far seemed 

impracticable. And yet, considering their apparent absence in the Devonian and 

Carboniferous depo~its, would we not be justified in deny ing the lineal descent of the 

recent forms from the early paleozoic species ~ However, questions of this kind can­

not be cons idered as they deserve in the space here at my disposal, and, as they are 

also a little out of place in a publication of this kind, they will be merely touched 

upon, leaving their real discussion for some more fitting occasion. 

DIASTOPORINA FLABELLATA Ull·ich. 

PLATE n, FroS. 2 AND 3. 

Diastopori lla flabellata ULRIOH, 1890. Jour. Oin. Soc, Nat. Hist. , vol. xii , p. 176. 

Zoarium small, ari sing from an attached basal expansion into thin flab ell ate 

frond. The largest and only complete example seen is 5.5 mm, wide. Surface 

with obscure concentric wrinkles, and fine interrupted striations arranged parallel 

with the direction of the zorecia. Under a high power of magnification the latter 

appear a del icate lines separating rows of exceedingly minute pores. Zorecia rather 

scattering, in young examples partly exposed, appearing as convex oval spaces with 

a small oblique aperture, about 0.05 mm. in diameter and but little, if at all, elevated 

at t he distal extremity. In some fragments of seemingly older examples the entire 

cell is immersed, leaving only the aperture, which, in these cases, is nearly direct 

and subtubu\a,r, to project over the nearly eveu surface. Their arrangement is often 

quite irregular, particularly in the vicinity of certain small non-cellulifel'ous spots, 

but where rows are to be made out, about six or seven apertures occur iu 2 mm, 

'rhis is the only bifoliate cyclostomatus bryozoan known to me in paleozoic 

rocks. 

F01'mati on and localify- Rare in tbe Galena sbales nea l' Oanuon Falls and at St. Pau l, Minnesota . 
At tbe ftrst locality it i associated witb a vcry in tel'est ing fauna, consisting pl'incipal1y of Ostmcoda and 
minu te bryozoans, among tbe latter species of Nematopora , Helop01'a and Arthroclema. 

Genus M['rOCLEMA, Ulrich. 

Mitoclema, ULRICH, 1882. J our. ~in . Soc. Nat. Hist ., vol. v, p. 150; and 1890, Geol. Sur. 111., vol. viii , 
pp. 336 and 369. 

Oomp. Olonopora , HALL, 1886. Pal. N. Y ., vol. vi, p. 25; also, abstract Trans. AlballY lost., vol. x. 
p. 20, 1881. 

Oomp. Entaloplwra, LAMOlIBOUX, 1821. Exp. meth . des genres de pol., p. 81. 

Zoaria ramoge, slender, subcircular in cross-section. ZOCBcia tubular, long, pris­

matic and thin-walled in the axial region, gradually diverging in all directions from 
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an imaginar.y axis to the surface where they bend outward abruptly, often becoming 

free and much produced. Apertures circular, ometimes scattering, usually arranged 

in regular t ransverse or subspiral series. 

Type: M. cinctosum Ulri ch, Chazy (perhap8 lower Bird 'eye) lim estone of Ken­
tucky. 

Fuller investigations and compari sons with typical and 3.uthentic examples of 

Entaloplzo1'a and Clonopo1'a are necessary hefore we may be said to be in a position to 

decide pelmanently the merits of thi s genus. Entnlophol'a, as now understood by 

Hincks and Waters, seems to me to be too comprehen ive and might be, with advant­

age to classification, divided iuto at least two groups of generic rank, and it is not 

at all improbable that Mitoclema stands upon unoccupied ground. In the mean time 

no harm can re ult from the use of the name for these early paleozoic species. 

MITOCLEMA(~) MUNDULUM Ul1·ich. 

PLAT T<: fT . FIGS. 4-6. 

lIfitoclerna ? mundu Zurn ULRICH, 1890. J our. ~in . Soc. Nat.Rist., vo l. xii, p. 177. 

Zoarium ramose, very small, the branches cylindrical, 0.5 or 0.6 mm. in diameter, 

with faint transverse stri fe or wrinkles over the spaces between the zOCBcial apertures. 

The latter are drawn out tube-like, about 0.15 mm. in diameter, and project strongly 

upward and outward from the surface of the small stems. Their arrangement is in 

rapidly ascending spiral series, with four or five in 2 mill. As near as can be deter­

mined from the material at hand, the zOfficial tubes diverge eqnall y to all sides of 

the branches from an imaginary axis. 

Owing to the absence of specimens su itable for slicing the internal characters of 

this species have not been determined. The generic position is therefore somewhat 

questionable, since it may prove to have the stl'l1ctme of Diploclema Ulrich (Geo!. 

Sur. Ill., vol. viii, p. 368), founded upon D. trentonellse Ulrich, a similar form occur­

ring in the Trenton limestone of New York. In Diploclema the branches are slightl y 

compressed, and the zO CBcial apertures somewhat constricted and less prominent. '" 

F01'mation and Zocal'ity.-Associated with the preceding in t be topmost beds of tbe Trenton sha les , at 
Oan non Falls, Minnesota. 

Mus. Reg. No. 8103 . 

• In his pn.pCI' on Wcnlock shales H"yozo1\ MI'. Vine ha.s de3cl'ibcd sovol'a.l slInilu,I' species wblcb bo o l"ig inally I'o fe l'l"ed to 
Spil'opom ;111(\ latel' t.o -';;lItalopllOra or t hese S. rcyufari8 is :tll ullquestlollllblo Di,pll)(Jtl!lII(1 and olosely a ll ied to O Ut' NiaglLl'tL 
D, 81Xl rsum l1 :dl, sp, 'l'he ot,h e l'~ T htH'O not. had an Ol>l>OrtuniLy o f exalllini ng. 

\ 
\ 
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Suborder CR YPTOSTO MA T A , Vine. 

Family RHINIDICTYONIDiE. n. fam. 

SticloP01'idcc, ULRIClI, I 90. Gaol. Sun'. III., vol. viii, p. 388. 
Stictol101'idcc (part. ), ULlucn,1882. J our. ~in. Soc. NM. Rist. , vol. v, p. 152. 

This name is proposed instead of Stictopol'ida?, for the reason that the tY13e genus 

is not, as I have heretofore held, properly expressed by the term Stictopora. Since 

Hall, the author of that name, and others, insist that S. elegant'!da is the type of Stic­

topol'a" it follows that the genus and family as described by me (loc. cit.) cannot stand. 

In my Illinois work, namely, I had taken the stand that S. fenestrata is to be regarded 

as the type, and as that species is unquestionably congeneric with Rhinidictya" Ulrich, 

(J ouI'. Cin. Soc. Nat. Hist., vol. v, p.152), the latter was reduced to synonomy. Though 

the minute internal and external details of structure of S. elegct1ltula have not yet 

been made public, enough is known of it to prove conclusively that it represents a 

genus to which S. jenestrata has no claim. This being the case, Rhinidictya will 

stand and include fenestl'ata.* 

Genus RHINIDICTYA, Ulrich. 

St'ictopora (part.), RALL, 1847. Pal. N . Y., vol. i, p. 73. 
Stictop01'a, UI~mcn, 1890. Geol. StHV. III. , vol. viii , p. 388. 
Rhinidictya, ULIUCU, 1 8~2. Jour. ~in. Soc. Nat. Rist." vol. v, p. 152; RALL, 1887, Pal. N . Y ., 

vol. vi, p. 20. 

"Zoaria r,ompo ed of narrow, compressed, dichotomously divided branches, with 

the margi ns shalP, straight, and essentially parallel; attached to foreign bodies 

by a continuous expanded base. Zorecial apertures subcircular or elliptical, arranged 

alternately in longitudinal series betweeu slightly elevated, straight or flexuous ridges, 

carrying a crowded row of small blunt,spines. Space immediately surrounding aper­

tlll'es sloping up to summits of ridges." (Geot. SUl'v. Ill., vol. viii, p. 388.) 

rrype: R. nicholsoni Ulrich, Bi{'dseye Limestone, Kentucky. 

This genus finds its strongest development numerically, both as regards species 

and individuals, in the rocks of the 'I'renton formation, The MinneRota shales of 

this group are especially ri ch in specimens, and so far as species are concerned, there 

is no other section of the country from which as many are known. Unfortunately, 

however, the various forms of the genus are not by any means easily distinguished 

from each other. It is true also thai of those species which have a wide geographi­

cal range, as for instance from Minnesota to Kentucky and rrennessee, or to New 

· 1i'01: objeotlons to (,he use or Suw:Ypora, c)'Orb., Instead ot Rlllnldlcty£t, see Oeo1. S UI'V, IlL, vol. vIII, PI>. Gsa ancl687, 

• 



RhlnI(lictya..] 
BRYOZOA.. ]25 

York and Canada, the specimens at each of these localities are marked by individual 

peculiarities, r.ausiug their identification to be, in some cases at least, un 'atisfactory 

aud generally rather difficult. Nothiug less than monographical work cun do the 

gen us justice. Manifestly, even if possible in the present state of our knowledge, 

such work would be out of place here. 

I shall therefore largel.v restrict my remarks to the Minnesota forms, while 

those occulTing in other sections of the country will be mentioned incidentally only, 

and chi efly when comparisons are des irable. 

RHINIDICTYA MUTABILIS Ul1 ·ich. 

PLATE VT, FTGS. 1-6. 12- 13; PLATE VII. F fCS. 10-23 , and "!5-2Sj and l'LATE VllT, FIGS. 1-3. 

Stictopom ",,, tab'ilis (par t ,) ULRlClI, 1886. FOllrteenth A.nn, Rep. Geo1. Nat. Rist. SlII'V, M inn " p, 66 , 
Stictul'om ",utabilis, va,l'. ",in01' UeRlCll , Ibidem, p, 6; , 

Zoarium a branching bifoliate tipe, varying considerably in width and superfi ­

cial aspect. 

Typir.al form :- In. the commone, t or typical form, the branche ' vary in wid th 

from 2.3 mm. to 3.2 mm., and in thickness from 0.7 mm. to 1.9 mm. ; t hey divide 

dichotomo usly at intervals varying from 7 to 16 D1m., but on an average a bifurca­

tion t akes place every 10 to 12 mm.; edges generall y sharp, but with ~Lge become 

blunter as the stipes increase in thickness; non-celluliferous margins very scant, 

often practically wantiug. Zomcia arranged in from ten to eighteen rows; the usual 

number is fourteen or fifteen, but just beneath a bifurcation it generally exceeds 

twenty. Between the rows are straight longitudinal ridges, angular and crowned 

with a single series of small granules in well preserved young aud average examples, 

thicker, rounded, and with stronger and more numerous granules in old examples 

( ee plate VII, fig. 10). In young examples again the spaces between the ends of the 

apertures are slightly depressed, causing them (the apertures) to appear as openings 

in the bottom of shallow channels. In uch specimens (see plate VIr, fig. 15) t he 

interspaces are comparatively thin and the zOCBcial apertures correspondingly large, 

the long diameter of the latter being about 0.20 mm., aud the short or transverse 

diameter about 0.12 mm, With age the transverse diameter may be red uced to less 

than 0.5 mD1., whi le the channelled appearance becomes obsolete iu t he general thick­

ening of the interspaces. In a few fragments, apparently representing the condition 

of extreme age, the zOCBcial apertures are scarcely recognizable, t he entire surface 

appearing as simply granulo-striate. In most cases t.he zOCBcial aper tures in oue or 

more of the marginal rows are directed upward and outward. Mea uring trans­

versely, about eleven of the central rows in 2 mm. (extremes ten and twelve); longi-

r 
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tudinally: about seventeen zocecia in 5 mm. Except in a variety to be considered 

presently, the zocecial apert ures always appear as direct. 

Vertical sectiou. (plate VI, figs. 3 and 5) show that the zocecial tubes, in t heir 

course from the basal (mediau) plate to the superficial aperture, form an angle of 

about 50 degrees with the surface. In the primit ive portion of the zocecia (i. e. that 

part which lies on each side close to the median lamin o:e) the posterior side curves out­

ward and forward so as to form a curve about equaliug one-fourth of a circle. The 

anterior extremity of the curve terminates abruptly at the primitive apertu re; from 

this point to the surface of the zoarium, or in what has been describ~d as the "vesti­

bula r portion of the zocecium," the course of the wall is nearly straight . In a few 

species of t hi s genus (e. g. R. fide Zis and R. minima.) the junction between the "ves­

tibule" and the curved posterior side of the" primitive cell ", is prolonged into a 

short septum that I have designated as the" uperior bemiseptum." In R. 1I/.utabiZis, 

however, this septum is but little, if at all, developed, the junction being merely an­

guiar. When the section shows the transverse inter.spaces (this is often the case 

because of the great thickness of the in terspaces in tbe vestibular regiorr) t hey will 

be seen to exhibit interrupted dark vertical lines. These represent the tubular 

internal extensions of the minute gran ulatious uoticed at the surface. Stages in 

the growth of the zoarium may ",Iso he determinable. These are marked by dark 

lines, sharpest in the inner portions of the zoarium. 

Tn transverse sections the chief point of interest is the row of minute tubuli 

that exists between the two parts of the duplex mesial lamina. (See plate vr, fig. 6.) 

TcLngential sections present a variety of appearances depending (1) upon the age 

of the fragments ser.tioned, aud (2) the depth beneath the surface represented in the 

section. Using an old example t he section may be made, with judicious manipula­

tion, to show all the conditions through which the zoarium has passed, from the 

beginning of the zocecia on the mesial lamino:e to their mouths. Taking such a sec­

tion, which, to be satisfactory, should not be less than 10 to 15 mm . long, the follow 

ing features are likely to result: Star ting with the mesial lamin o:e, which will be 

recoguized as a faintly dark space, the first character worthy of notice are tbe "median 

tubuli." Tbese are represented by very delicate parallel lines, longitudinal in t he 

central third of the zoarium, but gradually diverging or curving toward its edges iu 

t be lateral tbirds. Though not yet clearly demonstrated in tbis species, I neverthe­

iess assume it to be a fact (because of observations in other forms possessing such 

tubuli) tbat t he" mesial t nbuli " connected with the minute tubes between the walls 

of the zocecia, the surface extensions of which have been described as granules. (See 

plate V[, fig. 18.) Just above the mesial lamin o:e the section pl'esen ts the basal or 
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priruitive portion of the zorecia as sharply defined, thin-walled, oblong-quadrate 

spaces, the end walls of which. while approximately at right angle with t he long­

itudinallines at the center of the zoarium, graduall y ass ume an oblique upward direc­

t iou toward the sides. (Compare plate VI, fi g. ] 3.) The next cond it ion is when the 

anterior wall or side of the zorecium becomes convex, while the posterior side begiu 

to extend over the cell t ill at last the oval aperture is formed. Now the anterior 

and posterior walls are no longer recognizabl e in the section, but the divi sion between 

the longitudinal walls is clearly marked by a dark line, that, when the preservation 

of the specimen is sufficiently favorable, will be noticed to consist of a connected 

series of miuute tubuli. Besides these, an occasional dark spot or tubulum may be 

noticed in the end spaces. ~Iost of the :stages so far described are shown in fig. 13, 

on plate VI, and all further pha es al:!'! to be classed as old conditions. They consi t 

principally of an increase in the number of minute intersti ti al tubuli. (See plate 

VI, figs. 1 and 4.) 

The above description does not include two forms that deserve recognition as 

varieties. Theil' peculiaritie' a re not sufficientl y constant to entitle t hem to t he 

rank of species. In my preliminary report on the Minnesota Bryozoa (loe. cit.) 

auother fo rm of the species was separated as val'. mino'/'. The better and much 

more complete material since studied proves, however, that the specimens so desig­

nated are merely young examples and therefore not deserving of a distinct name. 

Val'. MAJOR Uln:ch. 

The zoariuU1 in tbis variety is more robust, the branches being wider, in some 

cases attaining a width of over 8 mm.; usually t he t hicknes is also greater, but thin 

examples are not nn common. Perhap the chief peculiarity of the vari ety is found 

in certain grauo-striate or smooth spots, which occur at r:1ther irregular interv:1ls 

along the center of tbe branches. Tbe internal . tructure agree ' in all essential 

respects with tb ,tt of the typical form of t he species, the only feature -not seen in the 

latter being the solid macula? 
M·us. Reg . No. 5940. 

Var. SENILIS, n. Val'. 

PLATE VI. FlGS. 2 ~uld 3 ; PLA'!' j3 V LJ . li' IGt: . Hi a. nd 17. 

In this rather rare form the general appearance of the zoarium is like that of 

well developed examples of the typical variety. On comparison, bowever, it is found 

that the non-celluliferous margin is nnusuall y wide and sharply defined. Connected 

with this are certain narrow, irregular or subell iptical, depressed spaces just within 

the axes of bifure:ation. A more important pecul iarity is presented by the zorecial 

apertures. These, generally, instead of being placed in longitudinal fUlTows=(as 

\ I 
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is u ual in the genus), are oblique and inclosed by a strongly elevated peristome, 

highest at the posterior side. They manifest further a tendency to arrangement in 

transverse or diagonal row. The result is quite unlike what is to be expected in 

Rhinicl'ictya, and reminds one more of cer tain species of Cystoclictya. Thin section " 

however, demon trate that thi is merely a case of superficial resemblance and not 

of true relationship. On the contrary these prove, as is already clearly enough 

shown at the growing extremi ties of the branches, that we are dealing with a true 

Rhiniclictyrt with affinities to R. mutabilis too close to admit of even specific distinc­

t ion. Indeed, it is not improba.ble that the variety represents merely an unusual 

condition of enility. Still, the interior, as exhibited in the sections at hand, has one 

feature that may be accepted as corroborating my present estimation of the form. 

Plate VI, fig. 2, represents a portion of a tangential section showing, besides one 

of the solid axillary maculre, that the minute interstitial tubuli are exceedingly 

numerous, there being often t hree longitudinal rows between adjoiniug zomcia. 

Figure 3 of the same plate pre ent · a portion of a vertical section of the same speci­

men. This compares very nearly with figs. 5 and 12 (pl. VI) prepared from old exam­

ples of the typical forID. The absence of horizo ntal lines in the lower part of the 

walls may be the result of imperfect preservation. 

'1'his species, especialJ y in its typical form, is to be regarded as clo 'ely allied to 

R. nicholsoni Ulr ich (Jour. Cin. Soc. Nat. Hist., vol. v. p. 170, pI. viii, figs. 6, 6a, 6b; 

1882). Without taking into account certain slight though recognizable internal dif­

ferences, tba.t species is distinguished by its narrower, more strictly parallel, cwdless 

frequently uifurcating branches, the obliquity of its zomcial apertures, and the lesser 

elevation and rigidity of the transverse interspaces. A nearer congener, perhaps, is 

the R. basalis (Stictopo'l'a basalis Ulrich, op. cit., p. 169, plate viii, figs. 4 and 4a), but 

the very frequent bifurcation of the zoarium characteri zing that species serves to 

distinguish them at a glance.'" For comparisons with R. t1'entonensis, R. fide lis, and 

other . pecies described in this report see nnder descriptions of each. 

F 01'mai ioll and locality.-The typical form is extremcly ahundant in the middle and lolVC1' bcds of the 
Trenton shales about Minneapol is and St. Paul, Minne ota. It occurs in thcse beds, hut mncb less 
abundau tly , al 0 at Cannon Falls, Lanesboro, FOll utai n, Preston and other local ities in tbe southern part 
of the state, and at Dccorah , I owa. The nr. moJo,' is fairly abu ndant at the tbree loca li t ies Orst nam d hut 
the Oannon Falls specimens are less rohust than usual. From the Galena shale at Cannon Fall I bave 
identified with thc species someth ing over fo rty fragments. I n these, howevcr, the zoooc ial apertures a re 
more oblique t han usual. Re pecting tbe Kentucky form, which I have hcretofore referreci to th is pecies 
(14th Ann. Rep. Geol. Nat: R,st. Sur: Minn., p. 67, I 86), I prefr r to awa it further invest igations befo re 
cxpresslng a concluslvc opinion. ThiS COUl' e seems the wisest al ' o with rcspect to siru il iar forms from the 
Trenton rock of Illinois, Tennessee, New York, Vermont and Canada. 

~s. Reg. Nos. 593 , 5939, 5941, 5956, 5957 , 7597, 75U9, 7601l, 7621, 7663. 

* A ,'ory good illustra tion or the necessity of t.hln sections tOI' th e d el crml~a.tlon or the gOli ~ l'i c I'claLiOlls o[ thoso bi[oli. 
ate Bryozoa Is tUru ishcd by lily 1 2 work on thom In lhe publlcat.lon ci t.ed. l Jad they beerl pl'cpal'cd of a.l l the species thc r'cin 
d Hned. I wo ulc1 not ha ve fall en Into crro ~'s th at ~10W appea r only loO obvlol1s. 1~b ol'c I placed, Cor Instance, Pncltydicll/a 
aCIlt.a.i:lall , sp., GyatocLfcLya uf/lJcrU Meek, sp., a,nd RlunflUd ya blt8nli8 uudel' StfctoPOI'~t . while Rlrilli(l{ct1J(t was founded, cOl'l'cct l 
cnougb, upon bot,h external and Int.crnall>eculla rll .les oC R, Ilic1l0fsOJli, With SCCtiOIlS I could scal'cel Il'LVC ( , lid ' ~ 
mining tbe true posi t ion of these four species. y. u. e III det.Cl-
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RHlNIDIOTYA PAUPERA Ulrich. 

PLA'.rE v, 11' [0 3. 10-2 1. 

Stic tOPO I'CL pCLUpe1'CL (part.) UL lnCll, 1886. Fourteenth Ann. Rep. Geol. Nat. HisL. SUI'I'. M i nn., p. 69. 

Zoarium usually less than 30 mm. high, consisting of narrow parallel-sided 

branches, dividing dichotomously at intervals of from 4.0 t.o 12 mm. Near the ba'e 

the intervals are usually less than 6.0 mm., but further up the prevailing distance 

between bifurcatious is about 8.0 or 9.0 mm . 'rhe width of t he branches is f~Lirly 

constant, deviating but li ttle either way from 1.3 mm. 'neil' thickness has not been 

noticed to exceed 0.5 mm. ZOfficia with nearly direct oblong apertures, their shapes 

varying with age from subquadrangular to elliptical. Inter,pace rather narrow, 

or of moderate thickne, s. ZOfficial apertures usually in ten or eieven rows, hut eight 

or nine and twelve row,' often occur just after and before bifurcations. The central 

five or six rows are arranged between raised longitudinal lin es, minutely grannlose 

when perfect, while the two or three rows on each side are, bes ides beiug slightly large r 

than usual, directed obliquely outward. Five of the centralrolVs in 0.7 or 0.8 mm; 

measuring leugthwise along !;-:alTIe eighteen or nineteen apertures in 5.0 mm. Internal 

structure very much as in young examples of R. m'utabilis Ulrich. 

In the above diagnosis I have restricted my obse rvations to the Minne 'ota form 

occurring in the upper division of the Trenton shales at St. Paul and Cannon Falls. 

This form should be regarded as the type of the species, and , pending fl1l'ther in vesti­

gatiolls, the wisest course seems to be to re:;trict the use of the name to it. 'J'he 

Kentucky and Tennessee form, occulTing in the shaly upper member of the Trenton 

group in those states, which I have referred to this species (loc. cit.), is now regarded 

as distinct and next described as R , neglecta. I have two 'pecimens from the c, Phyl­

loporina beds " at St. Paul tha t are exceedingly like, if not identical with the latter, 

but so far it has not been found in the shales above these beds, nor in the Galena 

limestone division of t he Trenton in Minnesota. But se\reral examples coll ected 

from the Galena shales at localities near Cannon Falls, seem to be identical with t he 

Canad ian form referred to R. paupem in 1886. A very fin e example, with hranches 

spread over a 'pace 50 mm. wide by 75 mm . long, collected at Ottawa and kindly 

given to me by Mr. Walter R. Billings, c,tuses me t o doubt the strict propriety of t hat 

reference. This specimen 'hows that the Canadian form agrees with typical B. pa1.t­
pem in this, that the nnmber of zOfficial apertures in 5 mm., measuring lengthwise, 

is eighteen to nineteen. Continuing our compar icons, however, we find the follow­

in g differences : (1) the apertures are ~mallel' and rounder, and have a O1 ore clistillct 
-Iil 
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peristome; (2) the interspaces on the whole are thicker, while the elevated lines 

ell010 ing the depressed quad rangular paces in which the apertures are situated, are 

harper ; (3) the arrangement of the apertures between longitudinal liues prevails 

throughout, there being uo oblique rows; and (4) while the width of the branches i 

about the ' arne 01' greater (the average is very nearly 1.5 mm .); there are only seven 

to nine rows of cells instead of ten to twelve. In all these respects. however, the 

Canadian form agrees more closely with R. neglecta, but before I commit myself def­

initely upon the matter of their true relation ' I shall want to insti·tute careful 

compari ons of their respective internal characters-a step that I am not yet pre­

pared to make. Still , in the meantime, it may be desirable occasionally to refe~ to 

the Canallian form , in which case a distinctive appelation would be convenient. I 

propose, therefore, the provisional designation Rhinidictya neglecta, val'. canadensis. 

Comparillg R. pa1tpem (seils. strict.) with other species of the genus, we find that it 

is di tinguilShed hom R. 111utabilis by it smaller zoarium, nalTOW and more frequently 

dividing branches, more numerous zOCBcia in a given space, and the greater differen­

tiation in the direction of the central and marginal zOCBcial apertures; from R. tl'enton­

ensis and R. nicholsoni in much the same features, though in a different degree. To 

them is to be added, for the former, that its zOCBcial apertures are not only much 

larger, but more nearly quadrate or hexagonal, with the longitudinal ridges between 

them nearly or quite obsolete ; and for the latter, that its zOCBcial apertures are 

more oblique. R. exiguCl is very close, differing mainly in its narrower branches and 

less oblique arrangemeut of its zocecial apertures in the marginal rows. R. minima 

has thicker and more ornamental zO CBcial iuterspaces, and differs iuterna lly in hav­

ing the superior hemiseptuIU well developed . 

FOTlI!lttion and locality.- Not uncommon ill ~be upper Lb il'd (" Pllylloporina beds "J of the 'frenton 
shales, a~ St. Paul and outh of OantlOn Falls, Minnesota, and Decorah, Iowa. Probably also in tbe 
Galena at Neenah, Wisconsin. 

Mus. Reg. Nos. 5935,7564, 761 2. 

RHINlDICTYA NEGLEOTA, 11. sp. 

P LA ~'E V. FIG • . 2'l·25. 

St;ctoporCll'a"lJem (pa l·t. ) ULlnCU , 1886. FOllrteenth Ann. Rept. Geo!. Nat. Hist. SUI'. Mi nn., p. 69. 

Zoarium small, branches dividing dichotomou lyat intervals of from 4 to 7 mm., 
rather convex, the margins parallel , not very sharp, and with the non-celluliferous 
border variable. Width of branches rather constant at abollt 1 5 Z" . mm. "OCBCla 111 

eight to eleven ranges, the usual number nine, with rather small, elliptical; oblique 
apertures, abo ut seventeen in 5 mm. leugthwise ane} 6 l'n 1 m t . 1 I . ,m. ransverse y. n 
most case. all the apertures are directed longitudinally 01' parallel with the edges 
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of the branches; 1n other', however, those forming the marginal row on each sid e 

may be tumed slightly outward. Intel.'spaces comparatively thick, less l'iuge­

shaped than usual, I)ften 'lightly zigzag, with the range of granules well developed. 

Internal structure chiefly diagno tic in vertica l sections. These show that the 

primitive or prostrate cell is comparatively elongate, and that at the turn into the 

"vestibul e ,. t he wall i merely sharply curved and uot angular, as in R. 1nlt!"bilis. 

Associated with this species is a larger form, agreeing in all other respects qu ite 

closely with it. At fir~t I thought it identical with R. mut(fbilis,)nd so figured it in 

l S~O (I ll. Geol. ::lUl'V. llepts., vol. viii, p. 304, fig. 2, d, f, and g). At present [ should 

prefer regarding it a a variety of R. ne,c;Lecto. For the Canadian variety of this 

::; pecies see remark ' under R. paupera. 

Compared with other species, R. nichol oni will be found to have grown differ­

ently, the bifurcatiou of' the branches being much less frequent: the zomcial aper­

tures are <llso more oblique, anfl vertical sections qu ite differeut.. R. mut((bilis has 

wide]' branches, more direct zomcial aper tures, and different vertical section. 

F01'mationand locaIUy.- Not uncommon il) strat a equivai c ilt to Lh c Galena limcs tone of thc North­
west, at Frankl'ort, Kentucl(y, anel several localiti cs in Boyle anel Mcrcer counti es of t bat s tatc. AI~o in 
rocks 01' the same age at Nashville, T ennes ee. '1'11'0 fragm ents s UDD sed to be iel entical with these 
Kentucky a nel 'l'ennesse specimens were collected at St. Paul from th e upper shal es. 

111'U8. Reg. No. 8 1 0~. 

l=tHINIDIOl'YA EXIGUA Ul, ·ich. 

PLA'l!E vur, li' IG ' . 6-10. 

Rhi1lidictyaex ig'UCI ULR ICH. 1 90. Jour. Cin. Soc. Nat. His t. , vol. xii , p. 14, fig. D. 

Zoarium bifoliate, small, g rowing [rom an expanded ba.sal attachment. Lower 

portion of branches subcy I indri cal, with the zo (X)cial apertures here largely filled with 

a smooth solid deposit of sclerenchyma. Above the first bifu rcation the branches 

have become ac utely ellipti cal in cross-section, their width varying from 0.5 mm. to 

l.2 mm., with parallel marg in s, the edges sharp, but in no case seeming to have 

more than just an appreciabl e non-celluliferou .· boder. Zooocia in from three to 

seven row' on each face, their apertures, in tbe usual state of preservation , appear­

ing as impressed, nearly direct, snbellipt ical or subquadrate, those in the central 

rows 0.2 111m. long by 0.1 mm. wide, those in the marg inal row on each side of the 

branch sometim es a littl e larger and often directed somewhat obliquely outward ; 

all regularly (uranged longitudinally, eveuteen or eighteen in 5 mm., and 'eparated 

from each other by rather t hin. seemingly smooth interspaces, the latter forming 

slightl y elevated longitud inal ridges . III t he specimens originally descrihed a.ncl 

figured , the apertures are somewhat obscured by remains of the 'haly matrix, but 

with . everal fragments lately di. covered among my materird hom Fountain. Minn .. 

.1 
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this is not the case. rl'he latter are also exceptionally well preserved and show that 

the apertures are really rather strongly oblique, with a slight" lip " at the posterior 

border. Not in these specimens, even, have I detected satisfactory evidence of the 
't d' I . J I in species of thiR presence of the 1'OW of granules on the longl u 1I1a n Ciges usua . . 

genus. Yet, as i shown by thin sections, the minute inter-zocecial tubuli, who. e 

superfi cial extension form the granules, are developed in the u. ual manner. 

The obliquity of the zotecial apertures allies this species to tbe larger R. nichol­

soni, but not closel;v enough to cause confusion between them. The zocecia are 

larger in that species, there being thirteen to fi fteen where we have seventeen to 

eighteen iu thi s form. It also resembles R. pa'lIpera and R. minima, but they are dis­

tinguished: the first by having mOl'e ranges of zocecia with t):1e apertures in several 

of the marginal rows on each side of the branches oblique; the second by its smaller 

zomcial aperture. and much wider granulo-striate interspaces. 

Fo,.,nation and locali/y.-Comparatively rare in the lower third of tbe Trenton shales at Min neap­
olb, St. Paul and near Fountain , Minnesota . 

RHINIDICTYA MINIMA Uh·ich. 

Rhinidic tya minima tJL IU CII , 1 90. JOUl'. Cin . Soc. Nat. J l isL., 1'01. xii, p. 183, fig. 8. 

Zoarium small, branches 0.8 to 1.2 mm. wide, commonly 1.0 mm. , bifurcating at 

intervals of 2 or 3 mm. Zocecia in five or 'ix longitudinal :ow" increasing to seven, 

eight, 01' nine before bifurcation takes place; sixteen in 5 mm. lengthwise . Size and 

shar e of apertures, and character of interspaces, varying with age. The enlarged 

figure:> on plate V represent the usual appearance of the oldest examIJles. In these the 

zocecial apertures are small and narrow-elliptical (about 0.11 mm. by 0.06 mm.) and the 

interspaces very wide, with the granulose ridge~ projecting but little above the level of 

the peristomes surrounding the apertures. Under a glass of low power the interspaces 

appear as rather flattened , and marked with straight or slightly flexuous longitud inal 

stri a'). Under a higher power the stria') resolve into rows of small papillre, with one 

continuous series, a little stronger than the others, separating the apertures into 

longitudinal rows, and one or two short series in the slightly depressed spaces 

between the ends of t he apertures. When in a good state of preservation, a row of 

granules, rather smaller than the others, is found to crown the peristomes as well. 

These were overlooked in drawing fig. 15. In younger examples the principal longi­

tudinal ridges are relatively higher, causing the zocecial apertures, whiuh in these 

cases are wider, and the intermediate spaces to appeal' as set in shallow channels. 

Not infrequently the peristomes of succeeding zocecial aperture are connected in a, 

f 
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manner causing the transverse interspaces to appeal" as bearing three longitudinal 

stri re or rows of granules. Margin of branches acute, the non-cellnliferous band 

rather wide and occllpied by one or more I ine!; of papill m. 

Of internal characters it will suffice to mention that there is a well-developed 

superior hemiseptulU , and a greater number of median tubuli in the end spaces 

between the zooocial apertures (see fig. 18) than in any other species known to me. 

This pretty little species is not likely to be confounded with any of the preced­

ing, unless it be with R. exi.q1ta. But the surface characte rs, especially when well 

preserved, axe so very dissimilar that confusion, even in that case, i.' inexcusable. 

Val'. MODESTA n. vm" 

PLATE \T, ri C. 17. 

Under this subordinate name I propose provis ionally to ' clas' i fy an associated 

form, differing in some respects constantl y frolU lhe typi cal vari ety. Both are rep­

resented by numerous specimens, with no question in an.y case as to where each 

belongs. They agree, however, too closely in t he more important elements of struc­

ture to admit of specific eparation. Except in th e case of subsequent discoveries in 

other regions proving the supposed new variety to hold its own geographically, the 

above degree of separation see ms to me sufficient. My studies of the paleozoic bi fo­

liate Bryozoa have taught me to distrust mere deviations in the width of the branches 

as being good specific characters. 

In the variety the branches are wider, the width va.rying from 1.7 mm to 3.0 mm., 

the zooocial apertures larger, and the interspaces correspondingly narrower. Still, th e 

number of apertures in 5 mm., measuring lengthwise, is, as in the typical form, about 

sixteen. In the best preserved specimens the superficial characters resemble those 

of young examples of typical minima ve ry closely, t he chief difference being that the 

zooocial apertures, as already stated, are larger, and the non-poriferons band gener­

ally wider and grano-striated obliquely iusteacl of longitudinally. The stri ffi also 

project slightly beyond the edge. causing the latter to be minutely serrate. 

When the drawings for this species were prepared I possessed, unfortunately, 

only a few specimens. The number was subsequeutly greatly increased by pickings 

from washings of shales from the original locality, kindly sent me by Mr. W. H. 

Scofield, of Cannon Falls. 

FO'I'",ation and locality.-Galena shale, near Can Don Falls, Minnesota ; associated witb specie of 
NI!matop 01'a, A,·t/wop01·a ar1natu1l!., Diastoporina flabellata, a nd other small Bryozoa characteril.ing the 
horiwD. 

~fus . Reg. No. 8105. Var. modesta, 8106 . 

~ I 
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H.mNlDIC'rYA FLDEL I8 Ulrich . 

PL..A'l' F, \ ' 1. FIG:-:. 7. 7n. 'ib AND R. 

StiCtOP01'U .flrieli" (pan ). l'LIlICII, 1886. FOlll'LccnLh Ann. Rel. Grol. NaL. Tlist. 111'. Minn., p. G . 

T.o ave repetition it will uffice to say of the external characters of this species 

that they are exceedingly like those of the next de cribed R. trenionensis, a slightly 

greater width of the also more nearly quadrangular zoc:ecial apertu res, being rather 

in(',onspicllous di f1-'eren(',e8. 

In tangential 'ections the deepest parts show the prostrate portion of the zocccia 

lying on each side of the mesial laminre. The latter themselves may be shown a,s 

in fig. 7b with the inclosed" median tubuli." These horozontial tubuli seem to con­

nect with the vertical sets that form series separating the rows of zooocia. At first 

the zorecia appeal' a simple quadrangular spaces, their width equalling about half 

of the length. In the next tage these spaces are divided by a line, trausversely in 

the central rows, and obliquely upward in the marginal ranges. This line represents 

the incurving superior hemiseptum, which is developed to an unusual degree in this 

species. In the stage immediately succeed ing, the posterior half is covered, while 

the open anterior part is gradually reduced in width till it assumes the elliptical 

shape commonly presented by the ., vestibular " portion oE the zorer.ia. From now 

on to the surface, the distance depending upon the age of the specimen, the section 

exhibits little if anything to distinguish it from sim ilar sections of other species. 

There are rows of ubelliptical apertures separated by thick interspaces, and between 

the rows a dark, faintly flexuou liue, which, when carefully examined, is found to 

contain a series of min ute pores. 

Vertical section are highly characteristic, especially when they have been care­

fully prepared and show the primitive region of the zooocilL in a satisfactory manner. 

The anterior side of the zooocial cavity is almost ·traight from the mesial lamina to 

the superficial aperture. The posterior aDd upper siele is concave and the curve 

produced in front into a strongly developed hemiReptu111, projecting over half the 

distance toward the ba~e of the anterior wall. An occasional complete diaphragm­

like structure may be detected crossing the tubular vestibule. All of these char­

acters are shown very well in fig. 8. 

As has been stated, it is not an easy matter to di t inguish this species, by mean,:; 

of external characters alone, from R. trentonensis. and until the observer has become 

thoroughly familiar with the various forms of this genus occurring in the Minnesota 

rocks, he is cautione 1 to secure the evidence of thin sections before he places mnch 

confidence in his identification, of this species, at any rate. The strongly developed 
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superior hemiseptum will distinguish the sections at once from those ot all other 

species except R. minima. That species occurs at a higher horizon (Galena shales), 

grew differently, has smaller elliptical zorocial apertures and much thicker, as well 

as quite differently marked interspaces. 

F01'1nation and locality.- Rare in the lower th il'c1 or tbe 'J'renLOn , hal e at Minneapolis, ~Iinn ~ota . 

Mus. Reg. Nos. 5936, 593;. 

RRINIDICTYA TRENTONENSI;:; UlJ'ich. 

PLATE VI. F[US. 14-J8; PI.A'I'E V IT . l"lG S, ~Hl. 

Dicmnopo1'a h'entonensis ULRIC IT, 1882. "Amel'. Pal. Dry.," Jor,,·. ~in. Soc, Nat. Jli st., \'01. 1', 

p . 160, p1. 6, fi gs. 15, 15a. 
Stictopom fidelis (part.) ULHTcn , 1886. F ourteenth Ann. Rep . Geo1. Nat. Rist. Sur. ~Iinn. , p. 68 . 

Zoarium branching dichotomously at intervals of from 8 to 20 mll1. Branche 2 

mm., or a little less, wide, sharp-edged, the non-poriferous margin very narrow 

Zorocia in from eight to eleven range., nine or ten the commonest numbers. Aper­

tures nearly direct, comparatively large, of elliptical, subquadrate or hexagonal [Orll , 

with sixteen, rarelyseventeen, in 5 mm.longitudinally, and five in 1 mm. tranSller ely ; 

those form ing the marginal row usually a little larger than the average and directed 

slightly outward. Interspaces thin, apparently without granules, the longitudinal 

ones but little, if at all, elevated over those running transversely, the former gene­

rally a little zigzag in their course. 

In tangential sections dividing the zoarium .iust beneath the. urface, the inter­

spaces are moderately thick, and contain a line of very minute pores running length­

wise between the rows of cells. Here the zorocia, or rather the ir " vestibular" por­

tions, are elongate-elliptical, but at a deeper level, where the section cuts down into 

the primitive portion of the zoarium, they have the usual oblong-quadrate, or sub­

rhomboidal shape. In one of the sections showing this region (see pl. VI, fig. 18) 

a row of " median tubuli " is distinctly visible in the transverse partitions. 

Vertical sections remind us much of R. nicholsoni and R. gJ'cmdis, in this, that the 

interspaces or walls are rather thin, and that there is not even a sign of a superior 

hemiseptum at the base of the "vestibule," the walls being merely thickened a little 

abruptly. In sections of thick examples a complete diaphragm may cross the tubes. 

Tn such cases it is common to find each half of the zoarium, in part at least, to con­

sist of two superimposed layers of cells. 
A re-examination of the Tennessee type of this species has shown couclusively 

t hat it is not a Dicl'Ctnop01'a but a Rhin'idictya, with relations to R. nicholsoni and R. 

gmndis, its systematic position being nearly intermediate between them. From the 

JI 
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first of tho e species it differs mainly in its wider and nearly direct zocccial aper­

tures and narrow interspaces, these being also without surface granulations so far 

as observed. Still, some of the Minnesota specimens referred here rel:lemble H. 

nicholsoni more closely than do the Tennessee types. It is therefore not improbable 

that more detailed comparisous than I have found time to make may show that, as 

1 believed in 1886, R. nicholsoni also is represented in the Minnesota strata. R. granclis 

is readily distinguished by its wider branches and larger cells. R. pedicu,lata likewise 

seem closely related, bnt its peculiar growth and somewhat wider branches will, it 

is believed, serve to separate them. Lastly, R. fidel is so closely resembles this species 

in it.' e."cternal characters that I am at a loss to point out really serviceable distin­

guishing features. As a rule the zomcial apertures of R. trentonensis are a trifle nar­

rower and less often of quadrate sbape, Comparing their internal characters, we 

at once notice a decided difference in the inner part of the zooocia where that species 

present' a well developed superior hemiseptum. 'l'his is a point of such importance 

that I am obliged to view the two species as ,,,idely distinct. 

FOTmation and locality.-" Glade" limestone (Bird eye) at Lebanon, Tennessee : lowcr tbird of 
Trenton shales at MinDeapoli8, Minllesota. Ratber rarc. It has also beeD coll ected by MI'. C, Schuchcrt 
in thc "Lower Bluc bed " at Janesvill e, Wisconsin, and Rocl(ton, Illinois. 

Mus. Reg. Nos. 7549, 7560. 

RmNIDICTYA GRANDIS n. Sp. 

PLATE y, FIG .... II and 12; PLATE \"r. F IOS. 19 and 20 . 

Zoarium bifolate, large, branchy, the branches Hattened, 2.5 to 3.5 mm. wide, the 

edges obtuse, with the non-poriferous margin of moderate width, Zooocia in from 

eleven to fifteen alternating rows, with large, almost direct, slightly oblong, hexa­

gonal apertures, fourteen or fifteen iu 5 mm. longitudinally, and nine of the central 

rows in 2 mm. transversely, Iuterspaces thin, without papillm, r idge-shaped, sloping 

down into the apertures from the summit, the latter reaching to about the same level 

in both the cross and lougitudinal partitions. In conforming with the hexagonal 

shape and altemate arrangement of the zooocial apertures, the longitudinal walls 

usually take a decidedly zigzag direction. In the marginal rows the apertures ~tl'e 

commonly more or less irregular in shape, size and arrangement, An occasional 

small cell may be noticed. 

In vertical sections the comparative erectness of the zooocia is to be noticed' , 
also the shape of the walls, These show no sigu of a superior nell1iseptum, though 

a slight angularity is often perceptible at the tum into the vestibular region, 
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r1'angential sections give a good idea of the unusual size of the zOQ'cia. When 

the section cuts deeply the prostrate portion of the cells i. shown. Here they have 

the usual characters-thin walls, the longitudinal ones traight, the transverse ones 

at right angles to them in two 01' three of the central rows, and directed obliquely 

upward in the lateral seri es, the obliquity increasing with each successive row. Just 

beueath the surface the apertures are elliptical, with a faint lin e about them, while a 

series of exceedingly minute dots, or a fine double liue instead, passes longitudi na.ll y 

through the inters paces. 

The large size of the zomcial apertures distinguishes this pecies from ;;til other 

of the genuH known to me. Theil' hexagonal shape, and the absence of longitudinal 

ridges are two more features that may be relied on iu separating it from such species 

as R. 1nutrrbilis, R. nicholsoni, R .. ficlelis and R. negZecta, but R. pecliculata aud R. trenton­

ellsis approach it in these respects. r1'he last is, I believe, its nearest congener, hut is 

distinguished readily enough by its narrower branches and smaller zomcia. 

F01'7nation and locality.- The types are from t he Bil'dseye b ori ~on of the 'rrenton formati on a t 
Dixon, IllinoiS. Other examples were noticed in Wiscon in material cullected for the State Mu eum by 
Mr. Obal'les Scbucbert and sent me ( 0 1' ident ification. All tbe spec imens are from the "Lower Blue 
Beds" of tbe Wisconsin geolog ists, in whicb the speCies is sometimes assoc iatecl with R. tl'entonellsis. MI'. 
Schuchert's localities a re near BelOit, Mineral Point and Jane. vill e. 

1I1U8. R eg. Nos. 7548, 7554 , 7593, 7594. 

RHINIDIOTYA PEDICULATA n. Sp. 

PTJATE vn, Itl CS, I-fl , 

Zoarium bifoliate, apparently growing to but little more than 25 mm. in hight. 

It begins with a small expansion, by means of which it was evidently attached to 

foreigu ·bodies. Arising from this is a small and short, rounded, subsolid and striated 

footstalk, that soon flattens and spreads into rapidly bifurcating branches, all spread­

ing approximately in the same plane. The branches have an average width of about 

3.0 mm., are very thin, with unusually sharp edges, wide and obliquely striated non­

poriferous margin.* Zomcia in from eleven to four teen ranges, the usual number 

twelve, with the outer row on each side irregular in their arrangement., larger than 

the average, and directed obliquely outward. In the central rows the apertnres are 

commonly elliptical, or subangular, and snuken into oblong hexagonal space. , 

bounded by thin walls, of which the lateral ones form slightly zigzag, low ridges. 

The last feature, however, is to be seen only in the be t preserved examples, those in 

the usual condition seeming to have the interspaces rising to the same level on all sides 

of the aperture. Measuring lengthwise along the central ranges fifteen or sixteen 

"' T he Ia.L1CI' Is not shown in fi g. 5, (pI. V U ) the dnLwl ng hav ing \.leon IlIBd e (" 0111 a wM. thel'ed exam ple, 
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zOCBcial apertures are to be counted in 5 mm., while twelve rows occur on a branch 

3.0 mm. wide, on which the non-poriferous borders occupy space am pl y 8ufficient to 

accommodate another row on each side. 
Internal character' not observed, the process of fossilization having been too 

unfavorable to preserve the minuter details of structure. 
The small footstalk, rapid spreading of t he zoarium, and the wide marginal 

pace, are the characters relied upon in distinguishing this species. In other respects 

t he species is very n6<'tr R. trentunellsis and R. grcmdis. 

F01'mation and locali/y.-All the specimens seen were collectec] 11), the author from Lbe 10wol' limo­
stene oC the TrenLon fo rmat ion, at M inneapoli , Minnesot&. 

M".~. Reg. No. ?593L 

Genu EURYDICTYA, Ulrich. 

E",ydictya, ULRICH, I 9. Millers N . Amer. Geol. and Pal. , p. 301 ; 1890, Geol. Su rv. ]11 .,1'01. viii , 
pp. 389 and 520. 

Zoaria bifoliate, consisting of broad, simple or irregularly divided expansions, 

the surfaces of which exhibit more or less conspicuous, though usually small, macnl fB 

or monticules. ZO(l)cia of the same type as in Rhinidictya. 

Type: E. montifera Ulrich, 1890. Geol, SU1T. Ill., vol. viii, p. 521. 

This genus was established for the reception of a small group of Lower Silurian 

species that, though intimately related to Rhinidictya, Ulrich, it seemed desirable to 

distinguish from t hat genus. The broad and undefined zoarial expansion pertaining 

to the several specie. gives t hem a. very different aspect from that presented by the 

narow, parallel-margined, and regularly branching: stipes so strictly adhered to by 

a ll the true species of Rhinidictya. That intermediate forms occur is tl'l1e, nor can 

we doubt that the dividing line between the two genera will continually grow more 

shadowy with the discovery of new species. But, as that diffi culty is encountered 

by the systematist throughout all organic nature, it cannot be regarded as a bar to 

the formation of generic groups, because, theoretically, if the course were carried to 

its logical concl usion, all necessity for classification would cease. Some recognition 

of obvious departures from a type is necessary, and in the present incompleteness of 

our knowledge the only satisfactory plan to accomplish this is to adhere strictly to 

the binomial nomenclature. In this declaration I am to be understood as aiming at 

subgeneric rather t han varietal desigllations. 

Eurydictya multipora (? Hall's sp.), the only species of the genus so far known to 

occur in Minnesota, is the least typical of the genus. In shape and structure of its 

end walls the species approaches Phyllodictya varia. The t:vpe of the genus, E. mon-

• tifel"a, may be looked for in the upper beds of the Hudson River group in Fillmore and 

other counties in the southern part of Minnesota where that horizon is exposed. 
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EUJ~YDrcTYA MOT1rIPORA' ? Ifall, sp. 

PLATR VL Li' I GS. 0- 11 ; PLATE V J:f, 1 " TG~. 24 Qnd 2O<H; PLATE XLV, 11'10 , . 0- 11 . 

P I'''c"nopo,''' ",uUipol'Ct HALL, 18.51. Geo. L ake Sup. Land Dist., \'01. ii, p. 206. 
Phamol'om ( p) ",uUipol'Ct U r~RJCrr, 1882. Jour. Oin. Soc. Nat . His t. , 1'01. v, p. 171. 
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EU"yclictya ",u/Upora UL lu c rr,1 890. Geol. Sun' . 111.,1'01. I'iii, p.52O. (R e ferred to new ge nus only. ) 

Zoariul11 formi.ng irregularly divided wide fronds, 6 to 20 mm. in width, or simple 

undulating expansions, or a combiuation of the two. rfhe Minnesota example figured 

on plate XIV is a fragment of a slightly undulating expansion, 0.7 mm. to 1.5 mm. 

th ick, that must have been no less than 20 tum. wide. The others are of less width, 

and one (plate V[J, fig. 24) deviates so widely from the ordinary growth that it wa,s 

at first believed to belong to RhinicZ'ictyn mtttabilis val'. major. 

Surface with irregularly distributed small maculal, often very inconspicuous and 

scarcely interrupting the regularity of the longitudinal ridges. In other cases they 

may appear as smooth so lid spots, fully 1 mm. in diameter. As a rule they give one 

the impression of a variable number of elongatt3 zomcia filled with a solid deposit of 

calcareou material. Zomcial apertures subelliptical, more or less oblique, (generally 

more so than in fig. 11, plate XIV) with a slight peristone, strongest at the posterior 

margin, arranged between rather prominent, granuiose, longitudinal ridges, seven­

teen or eighteen in 5 111m.; also in curved diagonal series, but these are never very 

regular and frequently tUl'll iuto tmnsverse rows. Measuring transversely, from 

twenty-three to twenty-six of the longitudinal rows may be counted in 5 mm. The 

width of the interspace. is usually about equal to the diameter of the apertures. 

When the latter are partially filled with the clayey maxtrix, they may appear as of 

subquadrate shape, with the interspaces thinner than usual. In the narrow or basal 

par t of the fronds, the sp read ing edges are sharp, 1101l-porifel'ous, and stria to­

granulose, while several of the marginal rows of the zomcial apertures may be 

directed obliquely outward . 
Vertical sections show that the primitive cell is rather high, short, and has thin 

walls. These curve over it to a point marking the beginning of tlie vestibular por­

tion of t he tube, when they bend sharply outward . At the same time the interspaces 

(walls) are greatly widened, and three to five shallow ve icles are developed in direct 

sequence. Above these the interspaces are solid and seemingly structureless, if we 

except a dark line running lengthwise through them. No diaphragms observed. 

Tangential ections may present one or all of three distinct phases or stages in 

the development of the zoarium. Their exhibition depends upon the di tance from 

t he median lamime at which the zomcia are cut by the section. In the first or deep­

est part of the section, the zomcia are quadrate, thin-walled, and arranged in regular 
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rows between longitudinal pl~te. 'rhe end or t ransve rse partitions appear less sharp 

t han the longitudinal lines, are generally a littl e cur ved, and cross the spaces at either 

a right angle to the direction of the growth, or somewhat obliquely. In the latter 

case the primitive cell is snbrhomboidal in shape. In t he succeed ing stage we see 

the strnctu re immediately following the formation of the origi nal aperture, i. e., the 

beginning or lower part of the vestibular portiou of the zoarium. Now the zO(l)cial 

cav ity is rounded, of ell ipt ical shape, wit h a t hin ring-like wall, generally in contact 

with the longitud inal pl,ttes. The latter appear usnally as dark structureless lines 

separating the rOW3 of cells. The end spaces, in part at least, may be empty (i. e., 

fi lled with clear calcite) thus indicating t he presence of interstitial vesicles. In 

the third or superficial stage, the interstitial vesicles have been filled with solid tissue 

and the diameter of the zomcial cavities generally reduced a little by a thin internal 

deposit, while the dark longitudinal lines are now clearly resolvable each into a 

crowded row of exceedingly minute tubuli. 

orne of the St. Paul specimens look very much like wide examples of the large 

variety of Rhinidictya mutabilis. but after one becomes familiar with the pecnliarities 

of each, it is not difficult to distinguish them. In the first place the zoaria of the val'. 

major have always an aged appearance, being heavy, with subparallel, rounded edges, 

thick interspaces, and correspondingly narrow zomcial apertures. The small speci­

mens of E. multipom. on the contrary, are thin, sharp-edged, oftener and more irreg­

ularly divided, and with comparatively thin interspaces. When we compare thin 

sections the diffe rences are as shown on plate VI, by figs. 1 and 9, 6 and 10, and 11 
and 12. 

130th E . caZholtnensis Ulrich, and E. mont~fel'({ Ulrich, have a well developed 

superior hemiseptum, but no interstitial vesicles . In other respects the first is . 

rather closely simulated by the present species. There is no associated species with 

which E. multipora is likely to be coufounded. The Rhinidictya var.1Iwjol' is not 

found, as far as known, so high in the shales, being restricted apparently, like Phyl­

lodictya varia, another wide bifoliate form, to the middle division of the 'rrenton 

hales. 

'rhis species, as above cited, was described by me from Kentucky specimens. 

Since then I have found it in Tennessee, and ill 1885 a single example in the Minne­

sota State collection proved to belong to the same species. Two years later Mr. 

Schuchert and t he writer secured about ten specimens at St. Paul* Respecting the 

speci fi c identity of all these specimens with the originals of Hall 's Phcenopora nmlti­

pora, I should say, that I am still of the opinion expressed in 1882, but having since 

'" DUI'ILl /! th o past two week.:; ( to Ap l,tl 10th , 1802.) th e ,niter sec ured 110 less than lIft.y speclm ns at St. Palli. 
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then learned to esteem caution, the present less positive stand on the question will 

. uffice till we have been informed of the minute structure of Hall's type~. 1:hese 

were derived from the uortheru part of Wisconsin , and if they prove to be identical 

with the specimens here described, a considerable extension of the geographical 

range of the species will result. The species is an important one too, in being 
highly characteristic of one horizon. 

. F01'mation and locality.- In Minnesota known ollly froll1 Lh e upper Lhird of the Trento n shal es, at 
St. Paul. In K entucky , rather common in the shale above Lh e " Mod iolops is beds." In Tennessee iL 
holds the same horizon (Salrord' Middle Nashvill e Seri es) a t Na brille. 

jUus. Reg. No. 59+2. 

Genus PHYLLODICTYA, Ulrich. 

Phyllodictya, ULU I(;H, 1882, J our. Oi n. Soc. Nat. ]Jist., \'01. v, p. 15:1: MILLE!! , 1889, NOI'Lh 1\ mor. 
Geol. and Pal., p. 315 : ULillCII, 1 90, G ol. Sun' . III. , vol. \' iii , p. 390. 

Zoaria bifoliate, simple or iregularly branched, growing from an expanded basal 

attachment. Zomcial tubes long, with r-omplete diaphragm~ but no hemisepta ; from 

the central axis they bend outward very gradually, causing the apertures to be more 

or less strongly oblique, with the posterior edge raised lip-like. Interspaces wide, 

subsolid, trans versed vertically by one or two rows of minute tubuli, which appear 

as so many papill a; at tbe surface. 

Type: P. frondosa Ulrir-h. 

rfhis genus requires more study before t he relations to EUl'ydictya on the one 

side, and Pachydictya on the other, can be determined and satisfactorily established. 

rfhe questions involved are rendered difficult of solution by the commingling of 

characters found in Pachyclictya splendens Ulrich. and P. firma Ulrich, of the upper 

beds of the Hudson River group, and EUl'yclictya ?nultipo1'a 0 Hall) of the 'l'renton 

group. All three of these species have certain features in common that do not per­

tain to the more typical forms of either Pachydictya or EU,l·ycl'ictya. It is, however, 

precisely in those characters that these species remind us of Phyllodictya.* Though 

having an abundance of specimens of, at any rate the majority of the species, bear­

ing directly upon the points at issne, I have been obliged, chiefly because of a lack 

of time, to defer pushing my investigations to a satisfactory conclusion. I realized 

also that all partial studies of the group of bifoliate Bryozoa, and consequent rear­

rangements of species, are only too likely to prove prema.ture and faulty when the 

full results of a complete stud y of the group shall have become avai labl e. For the 

present it is sufficient to point out the obscure and perhaps weak spots in the classi­

fication now in Ll se. 
~tbel' g-cuus I) I'esonLing poinl :) of agl'M1JlcuL wjLiI r!l lJlIouicLuCt is PWutruPCt Ull'lch, rounded upun a ~ ill g l 0 s Jlec l e~ 
from t ho uppet beds· ot Lila H udso n Rivcr gl'oup. Uu !' t he absencO oC .. median t ubuli " io Lbo l att.oL' Is a dlfrel'o nce or 
such llllpol'tnnco t l1U.L tiJn two ~ nom IHlISt. be regarded a::; wid ely c1l sLioet "'lid uS bolOLl gi ug La difl'cront. rnmlJlcs . 

\1 
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PHYLLODlOTY A FRONDO A ? Ulrich. 

(NOl fl!!urcd,) 

PhyllocUctyc, /rondosa ULlllcn , ]882. JOUI'. Oin. Soc. Nat. Hist., 1'01. ", p. 174, pl. 8, ftg" . 11. Il a 
ane1 li b. 

The name of thi species occurs in the li8t appended to my preliminary report 

on the MinnesotaBryozoa (Fourteenth Ann. Rep. Geol. Sury. Minn ., p. 102; 1886). 

The identification wa based upon several mall fragments, none of them in a con­

dition to afford satisfactory thin sections. Nor did any of the more numerous and 

larger specimens of PhyUodictya. collected subsequently for my own cabinet by Mr. 

Charles Schuchert and others. as well as by myself, prove any better for that purpose. 

I was, therefore, unable to verify the identification until last year, when I detected a 

single well preserved fragment, about 15 mm. square, in a lot of fossils kindly given 

me by Prof. C. W. Hall, of the State University. Both the superficial and internal 

structure of this specimen, which was obtained too late to appeal' on the plates, 

agrees closely enough with that of one of the original Kentucky types of the species. 

Ordinarily, thi .. would be quite sufficient to esta.blish the identifioation of a species, 

but in this case, a fact about to be mentioned cause. me to use the question ma.rks. 

Recently J had occasion to prepare a set of thin sectious of a specimeu supposed to 

belong to this species. These seem to dift'sr so much from the original set, that olle 

of two things is evident: either J included two species in my original diagnosis of 

P. frondosa, or the species is more variable in its internal ·tructure than I supposed. 

It is probable that the differences observed are only the result of age, but as r have 

not had time to make the sections necessary to prove this, I thought it best to men­

tion the difficulty, leaving its removal to some future time. Before giving the fol­

lowing brief description of the Minnesota specimens, it would be well to mention 

that the one received from Prof. Hall agrees be t with the specimen represented by 

fig. 11 of the original work on the species, while the resemblance to the specimen 

that furnished the original thin sections and t.he enlarged surface view is much 

less.* Also, that 1 now believe that none of the specimens catalogued by me in 1886 

as P. jl'ondosa really beloug there. Most of them, perhaps all, are to be referred to 
the new species P. vC/1·ia. 

Zoarium leaf-like, l.5 mm. thick; size unknown, only fragments having been 

seen. At intervals of 3 or 4 mm. the surface presents smooth or grano-striate 

solid spots, 1 mm. or more in diameter. The e spots may be on a level with the 

general plane of the surface. or slightl y depressed. Zomcial apertures ovate, a little 

*The II U W ,..l'l uf sec 1 ]1I1lt=- won' IH'O I>:1.I'('(1 fl'OIll all CX6IJlp]O likl' lIL t· fi l"~l. 
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drawn out anteriorly, with the posteriol" edge abrupt and slightly elevated, arranged 

in straight or curved, diagonally intersectjng lines, and, less obvio usly, in longitudinal 

series, with about seventeen in the former and twelve in the latter in 5 mm. Inter­

spaces separating the apertures in the diagonal rows uarrower t han the aperture ', 

while those between their ends may be wider and concave instead of rounded, with 

the posterior rim extending up along their sides. When in a good state of preserva­

tion a, row of minute papill ffi crowns this rim, and t hus extends around the posterior 

margin of the zooecial apertures and up their sides to the row belonging to the suc­

ceeding a,perture. There a,re therefore two rows of these papillffi between neighbor­

ing apertures, but it is not uncommon to find the spaces between the apertures in 

t he diagonal rows too narrow for their full development, and then they are crowded 

into an irregular single row. 

In vertical sections the zooecial tubes begin with a rather long prostrate cell 

froUl which they proceed to the surfa,ce by a, gentle outward curve; the continua,nce 

of t his curve ca,uses the apertuml portion of the tube in old examples to be much 

more nearly direct to the surface than in their younger stages. In an a,verage 

exa,mple a line drawn from the a,perture to the proxima.l extremity of a t ube forms 

a,n a,ngle of about 35 degrees with the centml ]a,min ffi. Complete diaphragms to the 

number of five ha,ve been observed to cross each tube. Near the central axis the 

walls a,re thiu, but soon they begin to spread, a,dmitting of the interca,la,tion of from 

three to five successive vesicles. Above these the interspaces are filled with solid 

matter, seemingly structureless except for the minute dark tubuli t raversing them 

in a direction at r ight angles to the pl a,ne of the zoarium. These tubuli arise in a 

dark line running along the posterior side of the tube. 

Tangentia,l sections show a, considerable deposit of solid material on the inner 

side of the tubes. This is scarcely to be described a ring-like, since it i not sha,rply 

de fi ned nor of equa,l thickness all a,rouud, being widest a,nd rather indistinct~ anteri­

orly, and but illy distingu ished at any point from the interspaces. The la,tter are 

occupied by minute dark spots (median tubuli) in single or double rows, representing 

and corresponding with the arrangement of the minute superficial papill ffi described. 

The above description is based almost entirely upon the specimen mentioned as 

having been received from Prof. C. W. Hall. Its characters, as has been stated, agree 

very closely with one type of P. fr·ondosa, but not nearly as well with the other, pos­

sibly distinct form, originally united with it. Compared with P. vaTia, to which I 

shall provisionally refer nearly all of the Minnesota, specimens of Phyllodictya so far 

seen, it will be found to differ in having thinner interspaces, and larger a,pertures, 

with the diagonal instead of the longitudinal a,rrangement predominating. Further 

~"~~'----~------'------------------------- --------
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diiferenlles are to be found in the character of the interspaces, and in the shape of 

the zoarium. 

Fonnation and locality.-Rare in the Trenton shales, at Minneapolis, Minnesota. The types of the 
species are [I'OQ1 t he Birdsey limes tone at High Bridge, Kentucky. 

PHYLLODIOl'YA VARIA, n. sp. 

PLATE XIV. FIG . 1-8. 

Compo Stic/opo"a labyrinthicC/. HALL, ]847. Pal. N . Y., 1'01. i, p. 50. 

Zoarium variable, cousisting of broad, leaf-like, thin expansions, either simple 

or with irregular marginal incisious, or of wide branching fronds, with the edges 

subparallel, sharp, and non-poriferous. At intervals of about 4 mm. the surface 

exhibits subsolid, even or slightly depre8sed spots or "maculre," smooth when worn, 

finely grauo-striate as well as faiutly channeled longitudinally when well preserved. 

In tbe younge;;t examples these maculm are small and sometimes scarcely distinguish­

able, but with age they eem to increase in size (compare figs . 2 and 7). The most 

obviou ' and normal arrangement of the zOfficial apertures is in longitudinal series, 

twelve or thirteen iu 5 mm., betweeu delicate papillose ridges; but the general 

aspect of the surface varies greatly iu the specimens before me. Some of these dif­

ferences are doubtlessly due to, or exaggerated, by weatheriug and other accidental 

causes, yet others are as clearly chauges consequent upon increasing age, and thus 

are to be regarded as expressing different stages in tbe development of the zoarium. 

In the youngest the zOffi cial apertures fLre very oblique, with a rim, strongly elevated 

at the posterior side, and dying out at the sides or seeming to unite with the delicate 

ridges separating the rows. This condition is represented in figs. 2 and 3. In later 

stage::; the longitudinal ridges becomes indistinct, the interspaces flatter, the poster­

ior "lip " less pronounced, the apertures less oLlique and, sometimes, a little smaller, 

while in other case, probably representing a weathered condition, they appear 

larger, with the interspaces rounded . The longitudinal arrangement also becomes 

less obvious but never, so far as observed, quite subordinate to the diagonal. This 

may seem to have occurred over limited spots, especially when the maculm are unusu­

ally large as in the specimen represented by figs. 6 and 7. 

Only one specimen proved suitable for sectioning. This even failed to preserve 

the minuter details of structure as well as was desired. 80 far as the internal char­

acters could be made out they are shown in figs. 4 and 5, excepting that by an unac­

countable oversight the diaphragms were not drawn in the vertical sections. Each 

tube should have shown one diaphragm crossing it at right angles at a point about 

midway between its aperture and the mesial line. 
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This species is closely related to a common form of the Birdseye limestone in 

central Kentucky, which I regard as likely to prove identical with Hall's Stictopora 

labY'l'intltica, described from the some horizon in New York. But in tbe absence of 

any knowledge of the interior of that species, it would be highly injudicious, surely 

nn warranted, to assert tbeir identity. Still, it is possible that even the Mil1nesota 

form may be only a local variety of that species. However, the probability of that 

supposition is so remote that I feel no hesitatiun in proposing the new name varia 
for the form here described. 

F01·1Ite,tion and locality.- Restricted to the middle thil'd of the Tren ton shales at Minneapolis, i\{in· 
ne ota. A . ingle example from about the same horizon at Oan non Fall . . 

Mus . Req. No. 595~. 

Genus PACHYDICrry A., Ulrich. 

Pewhyclictya ULHIClT, 1882, Jour. ~in . Soc. Nat. Rist., vol. v. p. 152 ; FOJmS1'E. 1 7, Bull. Sci. L"b . 
Den ison Univ., vol. ii , pt. i ~ p. 162 ; M1LLlm. 1889, N. Amer. Gool. and 
Pal., p, 313; Ur~H ICH , 1890, Geol. SUl'v. Ill., \'01. viii, p. 300. 

This genus, in its fullest sense, falls into three distingui. bable, yet not entirely 

natural sections, baving precisely the ~ame relation,' to each otber as Rhinidictya 

and EU'I'!Jdictya, Cystodictya, Dichot1'YlJrl and PrismoporCl. These genera, being based 

entirely upon zoarial deviations, are evident to the unassi sted eye, and tbe micro­

scope is not neces 'ary in distinguishing them. To be consequent, a similar splitting 

up of PctCh!Jdictya is suggested, but such a course wou ld be only too liable to lead to 

misunderstandings, since we would be obliged, for the same reason, to follow the 

plan to its logical conclusion in dealing with Ptilodictya and Phcenopo1'Cl, in which 

precisely the same divisions, as well as others equally marked, obtain. It is, there­

fore, deemed sufficient for present needs to designate two of them with the non­

committal terms of Section a and Section b. The third, however, being a departure 

in a more obvious and seemingly more important direction, is entitled to better 

attention. For it the name TRIGONODIClTYA is proposed. 

The following diagnosi embraces the characters of the two ections, but those 

features that may be considered as especially characteri;tic of one or the other, are 

indicat.ed by the leU,er a or b in parentheses following the statements. 

Zoaria bifoliate, consisting of ilTegular wide branches, large or 'mall, and more 

or less undulating, leaf-like expansions (a), or of nanow, subparallel-margined, and 

dicho tomously branebing stipes (b). Margins acute, with a non-poriferoLls border, 

obliquely striate or grano-striate. Surface witb small maculee and, about them or 

taking their places, clusters of zocccia of more or less obviously larger size than the 

average; occasionally montiferoLls (1/). Tn other cases (b) tbese clusters are repre-

- 10 
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sen ted by the marginal rows of apertures which are commonly of larger size, with 

wider interspaces, and less regularly arranged than those of the centraJ rows. ZOCBC­

ial tubes rising rather abruptly from the mesial lamin CB, the primitive cells with thin 

walls, longitudinally arranged, of elliptical, semi cordate, or subquadrate form, in 

most cases partially separated from neighboring cells by small interstitial vesicles. 

Toward the !:1urface their walls are thickened, often ring-like, subelliptical in cross­

section, usually completely isolated, the interspaces solid excepting that they are 

transversed by one or more, straight or flexuous, series of minute tubuli. One or 

more (the number depends upon age of example) complete diaphragms in each 

zOCBcial tube. Apertures usually elliptical, rarely subangular, the" closures" with a 

sub central small opening. Interspaces grano-striate, concave and forming a peri­

stome about the zorocial apertures, or thrown up into longitudinal ridges. Median 

tubuli between the halves of the double mesial plate. 

Type: P. 1'obusta Ulrich. 

The distinguishing characters of section a, which includes the type of the genus, 

are (1) the wide, palmate or foliar zoarium, and (2) the maculCB and clusters of large 

zOCBcia. The section might be still further subdivided according to whether the 

longitudinal arrangement of the zOCBcial apertures predominates, or that in diagon­

ally intersecting series. The latter would include the species robusta, everetti, fol-iata, 

magnipora andltexagonalis, all, save the last, described by me from the lower beds of 

the Trenton formation; while the formel' would embrace the species occidental'is 

Ulrich (upper Trenton), fellestell~/or11lis (Nicholson), finna, gigante((, and splendens, 

Ulrich (upper beels of Hudson Hiver group), and species obesa and turgida, described 

by Foerste from the Clinton rocks of Ohio. 

In section b, the zoarium is narrow, and its margins subparallel, while the longi­

tudinal arrangement of the zOCBcia is always the predominating one. It seems that 

macul CB, or merely an unusual width of the interspaces, must always accompany the 

clusters of large cells, and as the room was insufficient in these narrow zoaria for 

their proper development, _or, it may have been that their presence would have 

interfered too greatly with the regular growth of the branches, they (the large cells) 

are instead arranged along the margins, where we may assume, the necessary condi­

tions to have been afforded by the non-poriferous border, which is constructed essen­
tially upon the same principle as the maculCB, * 

The following species are to be arranged under Section b: acuta (Hall) fimbl'iata, 

pltmila, and t1'ise,.ialis, from the Trenton; alcyone, al'guta, and 1"ttStiCCl, of Billings, from 

- It is a. fnct wort.h remembering t.bat. as soon as t.ue wldt.h ot t.lIe zoarlulI1 or one or tbe paleozoic bl(olia.to Bryozoa 
exceeds 4 or 5 111m., a maculuDl or cluster or cells larger tban tbe tL\'cl'age Is round a. short dlst.ullce benoath the axe~ ot 
bifurcation. A still great.er Increase an.d we bave n. "OW or run,culre or montloules along t he Ccnt.er or the surfa.ce. S~\fer81 
Instances of t.hls kil)(l l1.re Illustrat.ed 011 t.he plates <\.ccompanylllg this \'olllluc. (See plates VlI and VIII.) 
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the Anticosti group; crassa (Hall), bijimata (Van Cleve), emaciata (Foerste), jeLl'ctttS 
(Foerste), andl·u.dis (Foerste) , from the Cl..inton, and scitula (Hall) from the Niagara.'" 

In placing Pachydictya under the Rhinidictyonidee I follow. tbe course adopted in 

my 1882 work on the "American Paleozoic Bryozoa," (Jour. Cin. Soc. Nat: Hist., vol. v), 

and more receutly in the eighth volume of tbe reports of the Geological i::llll'vey of 

Illinois, published in 1 90. I have always bad some doubt as to the strict propriety 

of the arrangemeut, and the chief reason for its continance in the last work is found 

in the fact that the genus agrees with Rhiniclictyn and all true genera of the fami ly 

in having "median tubuli." Now that I am employing the classification for the 

third time, it seems desirable to publish at the same time some account of my objec­

tions. At first I thought some of proposing a new family for Pachydictyn and the 

new genus Tl'igonoclictyrl, but was restrained from doing so by tbe fear that J could 

not, in the present state of our knowledge, satisfactorily establish the distinctness of 

the new fami.ly from the Rhinidictyonidce. 'l'he difficulties are encountered when we 

attempt to draw sbarp lines between certain species of Pachydictya on the one side, 

and Phyllodictyn and Em'ydictya on the other. Had I made the presence or ahsence 

of diaphragms the test, I would very likely have struck the popular chord, but as I 

know that test to be unreliable only too often when applied to groups of high rank, 

I could not employ it before knowing more of i.ts value in this particular case. 

The suggested removal from the Rhiniclictyonidce is not cau.'ed through any 

depreciation in the value of the character mentioned (median tubu li), but is founded 

upon a better appreciation of certain features whei'ein Pachydictya and Trigonodicty", 

and in a lesser degree also Pltyllodictya" differ from the more typical members of tbe 

family: Rhiliidictyu, Dicmnopom, Goniotrypa. and Elt1'!Jdictya. In all of the latter 

the primitive or prostrate portion of the zomcial tube i of an oblong-quadrate or 

rhomboidal shape, the thin wall of adjacent cells being, moreover, in contact with 

each other on all sides. Nor are interstitial vesicles or me. opores present in any of 

them with the single exceptioo of Ett1'ydictya multipom ( ~ Hall 's sp.). Diaphragm.', 

also, are very unusual, while a, more or less well developed hemiseptuJU is common. 

Finally, tbe in terspace., as shown in tangential sections, continue uninterruptedly 

from zorecial cavity to cavity, there being no 'barply defined r ing-like wall around 

the latter. 

In Pachyd-ictya, Tr£gonodictya and Phylloclictya, however, the hemisepta are never 

present, but complete diaphragms seem to bave been developed in ,L11 examples olel 

euough to have t hem. Tangential sections bring out peculiarities fully as striking 

and important, but their statement should be premised with the admi , sion that some 

of them are but ill y developed, possibly quite unrecognizable, in some of the species. 
- " 1 am OOIl\' inccd Li.lat. SO VO"i1.1, perh a.J)s 0 "0 1' lI a,lr, oC Lhasa nino Middle and U PPCI' .s ilul'i :~n specios il.l'C :SY llony ms. 
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Perhap , the ch ief ones of the characters abont to be mentioned, are those that have 

resulted in the pre ence and early development of in terzocecial spaces. These begin, 

gener",lly at any rate, the s~me a in the Cystodictyonidce and the bifoliate FisinlilJor­

id((' (Meekopom Ulricb) at the basal (mesial) plate, cau ing the primitive cell of the 

zorccial tubes to be in part separated from its neighbors, and to have a shape quite 

different from that of the Rhinidictyonidce. Indeed, the resemblance to the semi­

co rdate cell so prevalent among the Cystodictyollida:; is often very striking. (See 

plate IX, fig 8 and 13.) A common condition is when a small triangular interspace 

has been cnt off from each of two diagonally opposite comers of the primitive cell. 

r1'bese i nterspaces increase in size and £orm shallow vesicles as growth proceeds, and 

as soon as the tubes have assumed an erect position, they are completely isolated by 

the superimposed vesicles. At t he same time their walls become more or less 

thickened and ring-like, and, from now on to the snrface, the zocecial investment 

remains, almost invariably, clearly distinguishable from the interspaces proper, the 

sharpne of defin it ion between them being in most ca es even in creased after the 

inter paces have been filled with the usual solid deposit. These changes in the 

zoo.:cial structure are sbown in the various fig ures on plate IX. 

In Phyllodictya and Trigonodictya, as well as in some of the small species of Sec­

tion b of Pacliyclictya, we have no positive ev idence of the development of the inter­

stitial vesicles until after the zoo.:cia have left the mesial plate. In these, therefore, 

the basal portion of adjoining zoo.:cia are in contact, and in that respect the same 

as in Rhiniclicty({. rI'o what extent this fact depreciates the value of the character 

of the partial epal'ation mentioned in the precelling paragraph, I am not prepared 

to say. Perhaps it finds an explanation in this that the character, or rather the 

peculiar shape of zocccium to which the early presence of interstitial vesicles is due, 

and which i 0 characteristic of Devonian and Carboniferous bifoJiate Bryozoa, had 

not in those earl ier times become fu ll y established. 

A remarkable agreement of trncture is preseuted by certain forms of Pachydic­

tyu (Section II) with the Carboniferousfistuliporoid genus It1eelcopom (e. g. lYI. clausa 

Ulrich). That there exists real Or ancestral affinity between them I doubt, yet, if 

thel'e is none, the similarity between tbem is all the more curious. N or does it seem 

likely t hat the relations with the Cystodictyonid(e are any closer. Still, it cannot be 

denied that the evideuce at hand points to a relationship with those families on the 
one side and the Rhinidictyoniclce on the other.* 

• A point. ot genc r :.~l iUlcr st presents itself bOI'c. As Is well known , Nlch obou and perhaps Lh e majol'ity of European 
pal~onto l og l.Ms rega,I'd b 'i8t~(lfPora a lld i ts al lies a" belonging Lo th e . llcl/onclria c; roup o[ (,.·01' ..... 15. Now. It wo wi ll Lnl.:e the 
va l'loll.8 species or PllCIIUdl(·tY,n, starting with th ::' 11I~dl (OI'IIiS CtJ tlll}l'ioed I II Section IJ, whloh c\'cryone 'onced('!'I. to be 
unequl\ Ot 'al IlI-YOZOll". and gO IIl g' Lill'ough to sud\ (O f' IIi S u f " ce Li o ll (L :l~ Imvl.' tht:: vcs i c u];~1' iuLQl'stitJa l Ll sS ll O wu ll ~ devol­
oped. wo es tabl ish a chain or c\' ldOlt t"c tc ndll1~ \ 'C I'y ... il'o ll go i y to 1) 1'0 \'0 tl loll' vlcw W I'OIlI", Tho 1111I'lI'ium 0 1 j . I , 'I I .. 
Lo m~k e the challl COll l lll ctc. hul, as I ... woll knowu. t,l tal fcat.tll'e Is Hot l'csll'itt'd 1.0 t,17e b'istllli1l0,.'idl(' I 1~:Cd!S I~I~( Il l:! 
well . If . IIO~ bC l ~ I" de ve loped III such lIn ivc .'~ ally concedcd B" yt)/,oa. as the CY8W«ictyoll illu; a.nd cerQlll~l)(Jl'li~"V . 'Bu t Sth~: 
i::o only _oll e of lll.lI1 Y cha ins lil a.t I wuuld ,'c l'y will i llgly IHll>1I 'h If it WOn'! Hot tOI' the time consumed in writing them Ul)' 
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Section a: Species 'in which the OQ1'ill 1n is not li'lil iled, and m/lcltllf' or clusters 0/ 
la rge zO(l'ci a m'e lJ1·eseni. 

P ACfI YDlCTYA FO LIA'l'A UI1·ich. 

Pf.JA 1'E I X. li'ros. 1-!l; PLA 'T' R x, Fl O .. !l-1O. 

Pachydictya Joliata U LRICH, 1 86. FourtccnLh A nn . Rep. Geol. Nat. ITist. SII I'V . ]\[i nn., p. j~ . 

Zoariu m growing from an attached basa,! expansion into erect, thin fronds, 

uudulating and 'imple, or dividing palmately or irregularly; both sides cellulife­

rous ; attaining a bight and width of 50 mm. or more, but specimens larger t han 25 

mm. square are rare; usual thickness about 1.2 mm., b ut in som e old exampl e::; it i 

quite 3.0 mm . Margin of fronds acute or rounded, often with a distinct non-periferous 

border . At in tervals of 3.5 or 4.0 mm. the surfaee presents solid, substell ate spot or 

macul a3, t hat in most cases are on a level witb the general plaue of the surface, in 

- thers occupyiug the summits of low monticules, while in rare iustances they may 

be even slightly depressed. These macul a; usnally appear smooth, but when well 

preserved are seen to be finely grano-str iate. Zomcial apertnres large, oval, a rranged 

in regular diagonally intersecting series, iu wbich fo urteen or fifteen of t he average 

size is th e usua l number in 5 lTIm. In t he immediate vicinity of the macuhB tbey 

are larger, attainiug a size of 0.4 mm. by 0.3 mm., the aye rage size in the spaces 

betweeu t be macula3 being about 0.3 mm. by 0.2 mm. Tbere is a slight difference 

also in t he size of t he apertures of the old and yo uug specimens, t hey being largest 

in t be latter. Interspaces usually of less width t han t he zomcial apertures, concave 

and forming a di stinct peristome around the aperture in the yo ung examples; becom­

ing flattened and even faintly convex, also miuutely granulose wi th age. Inter -titia l 

vesicles seen at the surface in the youngest specimens ouly . . 

I n vertical sect ions the zomcial t ubes arise rather a,bruptly from tbe mesia,llam­

in a3, the course to tbe surface throughout being also unusually direct. 'rhe prostrate 

or primitive cells may be in contact, with a thin di visional wall ; but t his is not the 

rul e since t he interstitial vesicules are developed at the same time. The cha,racter 

of the latter is clearly preserved for a distance of about 0.5 mm. on each side of the 

mesiallamin a3, but beyond this they are fi lled with soli d material in wbicb tbey are 

but illy traceable. Occasionally itis possible to detect f::t.int dark lines passing vertically 

throLl gh t his solid fi ll ing, indicating t hat communication was maintained wi th th e 

horizontal median t ub uli . '['he zocecial tube, are bordered on each side by a double 

line, aud crossed, according to age, by from one to fi ve complete dial bragms. The e 

occur approximately on t.he same level in all t he tube ', and at intervals COlTe pond­

in a more or less nearly with the diameter of the tube. If my view i con ect, each 
'" 
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