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ON A TRENTON ECHINODERM FAUNA AT KIRKFIELD, 
ONTARIO. 

J31 

Frank Springer. 

In the course of excavating the Trent canal, a considerable cut
ting was made through the lower part of the Trenton limestone at 
a point near Kirk.field, in Victoria county, Ontario, Canada. Some 
of the layers proved to be extremely fossiliferous, and extensive col
lections were made there during the years 1906-9 by the staff of the 
Geological Survey of Canada. Among these were a considerable 
number of Echinodermata, which, through the comtesy of Mr. R 
W. Brock, Director of the Geological Survey, have been placed in 
my bands for examination. These specimens, together with others 
previously collected for the author by :M:r. Edwin Kirk from the same 
locality, form the subject of this report. During the years 190 
and 1909, collections were also made in the Kirkfield beds for the 
University of Toronto, which have been studied by Dr. W. A. Parks, 
of that institution, and some new species described in paper.s which 
will be referred to later. He has obligingly furnished me for com
parison a list of the spec ies as identified by him, and allowed me the 
fullest opportunity for examination of the specimens in the Univer
sity Museum under his charge. 

The fauna of the Canadian Trenton was investigated at an early 
day, and most thoroughly described, by that eminent palreontologist, 
E. Billings-the Echinodermata in the two fine Memoirs on the 
Cystidea and Crinoidea known as Decades III, and IV, of ' Figmes 
and Descriptions of Canadian ·Organic Remains,' published respec
tively in the years 1858 and 1859. Many of the species were pre
liminarily described, without figures, in reports of the Geological 
Survey for 1856 and 1857. These treatises were largely based upon 
collections made by Mr. Billings himself in the vicinity of Ottawa 
and Hull, and his many careful references to the exact stratigraphic 
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position, within the general limits of the Trenton, of the species 
described, furnish us the means of interesting comparison with the 
similar occurrences in Victoria county. 

Billi11gs' de criptions in the works above mentioned include eight 
genera and twenty species of Oystids, Star£shes, etc., and three 
genera and thirty-three species of Orinoids, from the Trenton, all 
new to science-besides several new genera and species from other 
Ordovician horizons. 

Further valuable contributions to our knowledge of the Trenton 
crinoidal fauna were made by Mr. Walter R. Billings, who in 1881 
to 1887, in the Transactions of the Ottawa Field Naturalists' Club, 
described several new species and one new genus from Ottawa and 
Belleville. Some additional pecies were desc-ribed by Dr. J. F. 
\Vhiteaves, Sir James Grant, Mr. L. M. Lambe, and Dr. W. A. Parks. 

By far the greater part of the Echinodermata described by these 
authors was derived from the lower and middle parts of the Trenton 
beds at Ottawa and vicinity. Among considerable collections made 
in the same region b;y J\{r. John Stewart, and afterwards acquired for 
the Museum of the Geolog·ical Survey, were some which are believed 
to have come from the upper part. Of the forty or more species 
found at Kirldield, thirty are readily recognized as among those 
described by E. and W. R Billings, chiefly from the lower and mid
dle beds at Ottawa, whereas some forms bel ieved to be from the 
upper beds at Ottawa are wholly wanting. Mr. W. A.Johnston, who 
made the fine collections at Kirkfield for the Geological Survey, 
informs me that the zone from which these fossils were obtained 
probably extends from twenty-five to seventy-five or eighty feet above 
the heaYy coral beds which are regarded as the base of the Trenton, 
or the top of the Black River beds; and that the Echinodermata are 
most abundant in the lowest twenty-five feet of this zone. The 
almost complete identity of the crinoidal fauna in the two regions 
would, therefore, seem to indicate the approximate continuity of the 
fossil-bearing beds, and to confirm the statement of Dr. Ami, in his 
paper on the ' Outliers of the Ottawa Palmozoio Basin' (Royal Soo. 
Canada, 1896, p. 154:, Sec. IV) that 'the echinoderms abound. in 
the shaly and thin-bedded portions of the lower Trenton of Hull 
and Ottawa.' The fossils at Kirkfield also occur chie:fl~· in thin, 
shaly layers; and while the preservation of the specimens is often 
very good for the study of structural details, many of them are much 
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flattened by pressure. In general, howeYer, the fossils are in better 
condition than those studied by Billings, and in many cases species 
described b~· him from imperfect material are represented by speci
mens far more pcrfret tlrnn were at his disposal, affording new and 
important information upon their morphology and relations. 

Direct comparison with the types of Billings' species was found 
to be highly desirable in the study of this material, and upon being 
informed of this :;\fr. R W. Brock, with a liberality for which he has 
my ~incere thanks, promptly placed the whole of the original collec
tion in the J\Juseum at Ottawa at my disposal for examination, and 
authorized such portions of it as I desired for more detailed study 
to be shipped to me at Burlington. I am much indebted to J\fr. 
Lawrence :;\f. Lambe, Palooontologist, Geological Survey, for his 
careful and courteous attention to the packing and shipping of 
these valuable specimens. 

The following list will show the character and extent of this 
echinoderm fauna, sufficiently for comparison with that of other 
localities; and along with it I will giYe an account of some new and 
notable occurrencPs brought to light by this study. 

ORINOIDEA. 

Order CAllfERAT A.-

RETEOClHNUS (B illings). 

Se1·eral specimens belonging to this genus, described by Billings 
from fragmentary material, and of which he said 'none of the speci
mens collected are perfect, and the characters of the species, therefore_ 
have not been fully ascertained,' fully confirm the interpretation of 
the genus given by Wachsmuth and Springer in their 'Remarks on 
Glyptocrinus and Reteocrinits' (Am. J our. Sci . xxv, p . 256), to the 
effect that instead of having, as Billings supposed, 'no perfectly 
fOTrned plate ,' and its cup consisting of 'a reticulated skeleton, com
posed of rudimentary plates, etc.,' the plates of the base and radial 
series are perfectly formed, connected with each other by distant 
sutures; the interbrachial areas only being occupied by a large number 

of small plates, without definite arrangement. In the original de
scription by Billings the column of the type species is stated to be 

round. The revised description by Wachsmuth and Springer C:N . A. 
Crinoidea Camerata, p. 178) giYcs the column as 'obscurely pentag
onal.' This was a mistake in the text, and does not agree with our own 
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£gures Oil Plate IX. The column is absolutely round in the type speci
mens, not only those refigured by us on that Plate, figs. 3a, b, but still 
better in the original of Billings Plate IX, fig. 4b, of Decade IV, 
which I have here refigured after aaditional preparation (Plate I, 
:fig. 6). It is now interesting to find that all the specimens from 
Kirk:field, some fifteen in all the collections, while veTy similar to 
R. stellaris in every other particular, have a very large and sharply 
pentagonal column, so sharp, in fact, that in very mature specimens 
the sides are concave (Plate I, figs. 3, 4). In the first of these, hav
ing about 6 inches of the stem preserved, the pentagonal feature 
obtains throughout, with no sign of becoming round; but in one 
rather small specimen, with about two inches of stem intact, it passes 
from pentagonal to round at about half the distance (Plate I, :fig. 5). 
This would indicate a tendency to variation in this character sufficient 
to justify the retention of both forms within the genus, and its diag
nosis should be modified accordingly. The, difference is really a 
matter of secondary growth, as the axial canal is of the same char
acter in both. This is shown for the new form by figures lb and 2b, 
of Plate I, giving cross-sections of the column near the calyx in two 
specimens; the first, at one of the thin interpolated joints, consisting 
of a la'rge central, surrounded by five peripheral canals wholly separa
ted from it; and the second, somewhat nearer the base, and at one of 
the larger, projecting joints, having a larger central canal connecting 
with the five pe'ripheral ones. In fig. lb, the central canal is itself 
pentagonal, with the orientation reversed, i.e., interradial, but this 
does not hold good in sections of other stems farther down, where it 
is round. In R. stellaris the stem, while round externally, has the 
same quinquepartite canal, as is shown by the cross-section of one of 
Billings' types, 4d, (Plate I, fig. 7), the peripheral canals being 
radial. 

The persistence of the pentagonal stem at Rirkfield, and the con
stant absence of it in the Ottawa specimens of R. stellaris, seem to 
indicate a distinct species, which may be identical with one having 
this character from the Trenton of Kentucky, viz :-

RE'l'EOCRINUS ALYEOr,A'l'US Miller and Gurley. 

Plate I, figs. 1, 2, 3, 4, 5. 

The pentagonal column sufficiently characterizes the species; there 
are some minor differences, such as the deeper pits at the sides o-f the 
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calyx plates, and lateral buttresses on the brachials in some specimens 

(fig. 7a), but these are probably not important, and the latter is not 
constant. 

ARCHAEOCRINUS LACUNOSUS (Billings). 

Glyptocrinus lacunosus.-Dec. IV, p. 61, Plate VIII, fig. 3. 

Rare and doubtful. 

A.RCHAEOCRINUS PYRIFORMIS (Billings). 

Glyptocrinus pyriformis.-Dec. IV, p. 61, Plate VI, :figs. 1a-d 

Rare. 

ARCHAEOCRINUS :WCROBASALIS (Billings). 

Rhodocriniis rnicrobasalis.-Dec. IV, p. 63, Plate VI, fig. 2. 

Rare. 

PERIGLYPTOCRINUS PRISCUS (Billings). 

Glyptocrinus priscits.-Dec. IV, p. 56, Plate VII, figs. la-f. 
Rare, and showing much stronger ornamenta
tion than the types. 

PERIGLYPTOCRINUS BILLINGS! (Wachsmuth and Spring·er). 

N. A. Orin. Camerata, p . 227. 

Rare. 

GLYPTOCRINUS OR~ATUS (Billings) . 

Dec. IV, p. 60, Plate IX, fig. 2a. 

Rare. 

GLYPTOCRINUS RAMULOSUS Billings. 

Dec. IV, p. 57, Plate VII, :figs. 2a-f; VIII, figs. 1 a-e. 

Abundant throughout the strata in the crinoidal part of the zone. 
This is a widely distributed species, being .also found in the lowest 
part of the Trenton in Kentucky. 

Order FLEXIBILIA. 

PROTAXOCRINUS LtEVIS (Billings.) 

Figs. 10, lla, b, Plate III. 
Le.canocrinus lmvis.-Dec. IV, p. 47, P late IV, :fig. 3. 

Two specimens, probably of this species, were found. This and 
its companion species, P . (Lecanocrinus) elegans, which as stated 
by Billings are but slightly different, are the earliest known repre
sentatives of the Flexibilia tne. The original specimens did not 
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disclose the construction of the anal side, but for reasons then stated 
I expressed the opinion in 1906, in the course of a discussion of the 
general characters of the Orinoidea Flexibilia (Journal of Geology 
XIV, p. 502), that they must have possessed the Taxocrinoid anal 
structure, viz., a tube-like series of anal plates, united to the adja
cent rays by perisome, and not by suture. This opinion was con
firmed while the paper was in press, by the discovery of the two 
specimens above mentioned, in each of which the anal side is exposed. 
Afterward, among some specimens from Ottawa in the iii[useum of 
the Geological Survey, sent me for examination by Dr. WhiteaYes, 
I found another small indi,·idual in which the same structure is 
"shown. Not only do they possess the Taxocrinoid anal structure, 
but, as should be expected from their geological position in the 
lower Ordovician, they have it in its most primitive form, in which 
the radianal is a part of the right posterior ray, and lies directly 
under the radial-being thus in the same developmental condition 
as the contemporary Inadunate genus Dendrocrinus. This fact be
comes of considerable interest in connexion with the discoveries 
hereinafter discussed under the genus Cupulocrinus, showing a prob
able line of divergence between the orders Inadunata and Flexibilia. 

Billings, in describing these two species, gave as the only points 
of distinction that lmvis ' is shorter, and has only four joints instead 
of five in the secondary rays.' In six other small specimens from 
Ottawa considered to be lmvis, since found, the number of secondary 
brachials is- mostly four, sometimes five, and some arms have but 
three, thus indicating a tendency to the greater shortness on which 
he relied. In my specimens from Kirkfield, one about the size of the 
type of lmvis and the other very small, the number of secondary 
brachials is mostly five, which would suggest their reference to P. 
elegans. But the type, and only k~own specimen heretofore, of 
elegans has the arms very angular in the lower part, and tending to 
become fiat above, while in the type and other Ottawa specimens of 
lmvis the arms are evenly rounded throughout. The Kirkfield speci
mens agree with them in this, and also in being of small size, while 
the type of P . elegans is much larger. Considering how· variable the 
number of secundibrachs is, I am at present inclined to refer the 
Kirkfield specimens to P. lmvis. For comparison in the discussion 
later I have figured the Kirkfield specimen showing the anal struc
tures, and another of supposed P. lmvis, from Ottawa (Plate III, 
figs. 10, 11a, b) . 
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Order I NADUNATA . 

HYBOCYSTIS ELDONE:\SIS Parks. 

Ottawa :Naturalist, 1908, Vol. XXI, p. 202. 

IlYBOCYSTIS PROBLEMATICUS Parks, loc. cit., non Wetherby. 

Plate II, £gs. 1 to 10. 

This singular Crinoid, which Dr. P. Herbert Carpenter called 
' one of the most remarkable fossil echinoderms yet discovered,' is 
represented by the remains of a small colony, in which the specimens, 
to the number of a hundred or more, were found crowded together 
into a space of a few square feet. This was, of course, broken up 
in the removal of the rock from the cutting, and probably not all 
the individuals were recovered, but not a single specimen was found 
outside of the one small spot. Some idea of their crowded condition 
when embedded may be had from the fact that in a small piece of 
shaly rock less than two square inches in area are the remains of 
nine individuals, more or less distorted by contact with each other. 
This genus was evidently of a strongly gregarious habit, as it is 
usually found similarly crowded, with many specimens injured by 
being pressed against their fellows . 

Of the two species named the smaller one, H. eldonensis, was by 
far the more abundant, comprising about four-£fths of the specimens. 
The two forms were apparently commingled, and the colony seems 
to have been embedded just as it grew on the sea bottom, in quiet 
waters; for the Crinoids all have their stems and arms attached, 
although, owing to the usual accidents of quarrying and collecting, 
but few are saved for our studies in that condition. 

This genus was first recognized here in 1908, by Dr . . W. A. Parks, 
among collections made for the University of Toronto at the same 
locality (Ottawa Naturalist XXI, p. 232). In addition to describing 
his new species, H. eldonensis, be gave a very full redescription and 
di scussion of lf. problematicits, which as the type species of the 
genus was ori ginally described by Prof. A. G. Wetherby, from 
specimens collected in the Trenton of Mercer county, Kentucky. 
The genus is one of singular interest, and was the subject of much 
discussion by Dr. P. Herbert Carpenter (Quarterly Journal Geologi
cal Society, London, 1882, pp. 298-312), and Wachsmuth and Springer 
(Revision of the Palreocrinoidea, 1855, Part III, p. 1~9). It is re
markable on acrount of having on ly three arms, two of the brachia! 
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series m Crinoids generally being replaced by ambulacra extending 
downward upon the dorsal side of the calyx plates, as in some Cystids. 
The three arms also d.iffer from the usual arms in Crinoids in that, 
instead of tapering to a point by the growth of young brachials, the 
distal end is blunt and rounded, and the ambulacra curve around 
it from the ventral to the dorsal side, and extend downward along 
the back 0£ the arms, being ''hat are called 'recurrent' ambulacra. 

The better preservation of his specimen enabled Dr. Parks to add 
some new and useful information touching the species, and with 
the considerably more extensive material at my command I am able 
to confirm his excellent description in most particulars. I must, 
however, come to the support of Carpenter, and \\T achsmuth and 
Springer, on one or two points wherein he disagrees with them. He 
says: ' The above description differs in many points from the asser
tions of Wetherby, Carpenter, and \Vachsmuth and Springer,' and 
he specifies as among the chief differences the construction of the 
arms, and the mouth and anus. As to the arms he says, ' only two 
joints have been previously observed; five certainly occur, and no 
more.' Ordinarily in Crinoids the number of ultimate brachials in 
an arm is of little moment, being merely ·a matter of growth in the 
individual, the arm becoming longer by the addition of new brachials 
at the distal end as the size of the organism increases. In a form 
like this, with recurrent ambulacra, it is clear that such growth 
could not take place by addition s distally, for the presence of the 
ambulacrum around the end would preclude the formation of any 
articulating surface; and in view of the presence of the same 
ambulacrum along the dorsal side of the arm it is not easy to see 
how there could have been any increase of the arm by interpolation 
of brachials after the developmental stage was passed. The enlarge
ment of food-gathering area incident to increase in size must have 
been provided for by extension of the ambulaci:a farther downward 
upon the calyx. In one specimen this is indicated by the extension 
of an ambulacrum not only to and across the basal plates, but also 
a short distance down the stem (Plate II, fig. 7a). Hence in this case 
the number of brachials in the arm may be supposed to have become 
fixed in the young, and therefore to have more importance for the 
distinction of species than in Crinoids of the usual type. 

Carpenter, in the paper above cited, figured and described the 
am bulacral furrow as curving over the summit of the second arm
joint. Wachsmuth and Springer, in describing the arms, said, 'they 
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consist, so far as known, of two quadrangular joints.' I can confirm 
Dr. Parks' statement, in criticism of this, that in the Canadian form 
there are five joints, and if he had added the cautionary words of 
Wachsmuth and Springer, ' so far as known,' I could have done so 
without qualification. But when he says, 'five, and no more,' I am 
obliged to bring his criticism home to himself. For out of three 
specimens before me with the arms preserYed to their full length, 
two have five joints, and the third has six (Plate II, fig. 6). Since 
the original descriptions and discussions of this genus I have also 
obtained considerable accessions of material from the typical locality 
and others, in Kentucky, some of which show the arms much better 
than those first found. In eighteen specimens preserving the arm 
in one or more rays, the number of brachials runs as follows :-

With 1 brachial. . . .. .. . . .. . . . . .. . .. .. .. . . .. .. 1 

" 1 and 2 brachials. . . . . . . . . . . . . . . . . . . . . . . . . . 1 

" 2 brachials......... . . . . . . . . . . . . . . . . . . . . . . . 7 

" 2 and 3 brachials. . . . . . . . . . . . . . . . . . . . . . . . . . 2 

" 3 brachials ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6 

" 4 brachials. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 

In the one with four brachials they are unusually short, together 
not longer than the two in other specimens, so it may be disregarded. 
Thus while the number originally stated proves to be rather the 
most common among the Kentucky specimens, there is a variation 
from one to three. 

Second, as to the mouth. Dr. Parks says: 'The ambulacra meet 
at or near the centre of the disc, and do not enter the calyx at the 
edge of the radials, as stated by Wachsmuth and Springer. A central 
oral aperture must exist, but it is not observable.' By this I under
stand him to mean an aperture opening outward through the tegmen. 
Wachsmuth and Springer's statement on this point was not quite 
so clear as it might have been, being chiefly concerned in combatting 
Wetherby's interpretation of the mouth as being situated centrally 
upon the upper surface, producing likewise an external oral aperture, 
which would be after the manner of the Recent Crinoids. It is 
true that the ambulacra converge at the centre of the disk, as de
scribed by Dr. Parks; but, as he also correctly says, 'the furrows 
are arched over by rigid covering pieces, so that the oral aperture is 
entirely hidden.' But they do not pass downward between the oral 
plates into a central opening, as in the case of Taxocrinus (N. A. 
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Orinoidea Oamerata, Plate III, fig. 2) and other Flexibilia, and 
the Recent Orinoids; the ambulacra pass over the apposed edges of 
the orals, meet, and roof over every possible opening with their rigid 
plates, becoming morphologically fixed and permanent (Plate II, 
figs. 7a, Sb, 9, 10b); so that the mouth must have been subtegminal, 
and supplied by food grooves running underneath the rigid plates 
from some point along the ventral furrow of the rays into which 
food was gathered by brachioles, pinnules, or tentacles. It is the 
same kind of a disk as in Hybocrinus, Caraboci·iniis, E iispirncrinus, 
Cyathocrinus, etc. (N. A. Orin. Oamerata, Plate III, figs. 2, 4, 5; 
and Bather, Treatise on Zoology, Plate III, pp. 125-127) where the 
ambulacra overlie the apposed edges of the orals, and close over the 
oral centre by fixed and rigid structures. That this is the case here 
is well shown by a specimen of II. problematirns from \Voodford 
county, Kentucky, in which the orals are in very perfect condition, 
divested of the ambulacral plates (Plate II, fig. 11). They are 
produced inward by extensions beyond what is seen when the am
bulacra are in place, until they meet by close sutures near the centre; 
the edges are depressed where the ambulacral plates rested upon them, 
and there is a passage underneath these joined edges where the food 
grooves could pass inward to the subtegminal oral centre. The con
dition of the orals in this specimen is the same as shown in fig. 153, 

}'late V, of Bather's Orinoidea of Gotland, of the oral plates of 
Eiispirocrinus. 

The arrangement of the ambulacral plates is somewhat peculiar. 
There is first at the outside a double series of transversely elongate 
plates-outer side-pieces-then a second series of smaller plates
inner side-pieces-interlocking with them, whose apposed angular 
faces approach each other, leaving a narrow space between (Plate II, 
fig. 7b). In perfect specimens this furrow is arched over by two 
rows of very minute covering pieces, which are partly erect and inter
lock clo~el:v above it, forming a narrow, keel-like ridge at the median 
line of the ambulacrum (fig. 7c). This ridge may be seen at some 
place on most of the specimens where the ambulacra are preserved, 
but the small plates of which it is composed are difficult to identif;y, 
and cannot be shown in drawings except by great enlargement, as in 
fig. 7c. Similar sets of plates corresponding to the tw0 orders of 
side pieces are seen in H ybocriniis conicus (Plate V, fig. 6b) ; there 
they all lie perfectly flat, and the row of arched plates has not been 
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obsenerl. But I call attention to R still different set of plates in 
the latter figure. viz., a double row of large alternating plates at the 
bottom of the groove formed by the lateral extensions of the orals; 

,. are sub-ambulacral in position. and much more massive and 

larger tlrnn t11e side pieces superimposed upon them. 

The posterior oral is surmounted by a small, raised tubercle, 
which is perforated, and marks the presence of a hydropore, the same 
as in Ilybocrinus. This was evidently not preserrnd in Dr. Parks' 
specimens, as nothing is shown•of it in the figures. It is very plain, 
however, in many spec imens, both of the large a'nd small forms, and 
the little pit in the centre of the tubercle is cleaTly seen (Plate IT, 
figs. 7a, Sb, D.) 

Dr. Parks' description of the disk and anal st1-uctures is other
wise perfectly correct, and adds to previous knowledge of the genus 
the fact that the valvular pyramid of plates closing the anal opening 
is surrounded by numerous small plates. These small plates formed 
an integument which was doubtless somewhat flexible, and perish
able. It was attached to the posterior oral, which is concave on that 
side, and the remnants of these small plates can be seen there in 
several specimens (Plate II, figs. 9, 10b) ; and it was also attached 
to the margin of the anal plate, which is distinctly crenulated. In 
7b they are in s-itu and remarkably plain, but unfortunately the pyra
mid and anal plate are broken off in this specimen. The space 
occupied by this structure is always found depressed in these speci
mens, with the little pyramid in the centre of it. It is really a 
misnomer to call it a ventral sac; it probably did not project much 
above the surface, simply yielding to motion with the protrusion or 
retraction of the anus, which seems to have been in the latter con
dition when the Crinoids were fossilized. 

The crenulation of the anal plate above mentioned is produced 
by a number of small grooves passing over the margin of the plate 
towards the interior. Similar grooves pass from the central portion 
of this plate to the sutures on all sides, where they connect with other 
like grooves from the adjoining plates, producing at the suture lines 
deep pits, which probably penetrated to the interior, a.s they certainly 
do at the distal margin (Plate IT, figs. Sa, b, 10a, b). Some of 
these, and similar ones along the radials, running into the margins 
of the ambulaera, may be connected with hydrospire pores. This 
crenulation is similar to that found on the highly elevated and 
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curved distal margin of the anal plate in Hybocrinus tumidus. This 
\Yas described by Wetherby in his account of the discovery of H. 
tumidus in Kentucky, but denied by Wachsmuth and Springer (Rev. 
Pal. III, 199) upon the strength of specimens found by Mr. W. R. 
Billings showing the margin of that plate to be bordered by small 
plates, constituting the edge of the anal protuberance; and it was 
suggested that the so-called crenulation was merely an appearance 
due to 'rnathering. It now turns out that the difference in the 
above views of this structure is actually due to a marked and per
sistent difference in' the species, and not to imperfect preservation. 
The plate is crenulatecl and highly specialized in H. tumidus, but not 
in H. conicus, thus furnishing a decisive character for distinguishing 
the species not known before. This will be discussed further on. 

Dr. Parks' 11ew species, H. eldonensis, is the first one described 
since W etherby's type. I have had similar specimens for some years 
among the new material from Kentucky, laid aside as a possible 
new species, and welcomed its discovery at Kirkfield as a fresh evi
dence of the intimate connexion between the Trenton ,faunas of 
Canada and Kentucky. From the Kirkfield locality I have a very 
good series of this form, from which I can supplement Dr. Parks' 
description with some facts not disclosed by his specimens. He was 
unable to identify the anal ('upper azygous ') plate, saying: ' its 
presence is more to be inferred than observed.' It is, however, 
present in upwards of fifty specimens (Plate II, figs. Sa, lOa), but 
in many it is not recognizable by reason of injury to the calyx from 
being cemented b.r pressure to other specimens. On account of the 
unequal swelling, or 'humping,' of the anal side in this genus and 
Hybocrinus, the specimens seem to have found their centre of gravity 
best by lying on that side. 

The description says : ' There is no trace of an ambulacral fur
row on the arm-bearing radials, nor can such a depression be made 
out on tl1e external aspect of the arms themsehes.' The first part 
of this I can confirm, but not the last. The ambulacra are perfectly 

plain on the dorsal side of the arms in many specimens, extending 
oYer several brachials (Plate II, figs. 1, 2, 5), and are undoubtedly 
present in all; but whereas in H. problematicus they frequently, in 
fact usually, pass down more or less upon the arm-bearing radials, I 
have not seen this in a single case of the small form described as 
H. eldonensis. This fact, with the correlative one that the ambulacra 
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from the two non-arm-bearing rays do not extend, or extend but 
little, over the basals, but are chiefly confined to the radials, and the 
generally smaller size and more delicate appearance of the specimens, 
are the characters, if any, which must be depended upon to separate 
the species in practice. 

Dr. Parks' specimen had a maximum of three joints to the arm, 
but was not perfect enough to enable him to say 'that the arm was 
complete in three segments.' On this point my evidence is abundant 
and interesting. In thirty-four specimens from Kirkfield having 
one or more arms complete, the number of brachials appear thus:-

With 3 brachials............... . . .. . . .. .. . . . . .. . 1 

" 4 brachials . .. ...... . ..... .... ............. 10 

" 5 brachials ....... . . .......... ... ......... . 14 

" 6 brachials ....... . 9 

And variations of 3 and 4, 4 and 5, 5 and 6, in the same speci
men (Plate III, figs. 1 to 5). 

In the Kentucky specimens of similar size and appearance there 
are :-

With 2 braehials .. 

" 3 brachials ... .. .. . 
3 
5 

It results, therefore, that in both forms the number of brachials 
w the arm is not a fixed one, but there is considerable variability in 
this character. The "l'ariation, however, is within limits which are 
not common to the two. The average in H. problematicus is for the 
Kentucky form 2.2, and for the Canadian 5·2-the maximum of the 
former not equalling (except as to one isolated case) the minimum 
of the latter. The difference in the smaller form, H. eldonensis, is 
not quite so great, the average being 4.9 for the Canadian specimens 
against 2·6 for the Kentucky; but the relative number of specimens 
compared is considerably different. 

A further question remains as to the relation between the larger 
and smaller forms themselves in each locality. Taking the specimens 
of II. eldonensis and H. problematicus from Kirkfield, where we 
know the~' all came from a single crowded colony, we find that the 
differences between them are precisely those which might arise from 
individual growth. The ;mall, delicately marked form would tend 
with age, or with an:y advantage inducing further growth, to become 

56i5-2l 
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larger, more rugose, and its food gathering ambulacra to become 
longer, so that those on the arm-bearing rays, from being confined 
to the arms (Plate II, figs . 1 to 5) would creep down upon the 
radials (figs. 6, 7a, 10a), and those on the other two would tend to 
pass the limits of the radials (figs. 2, 4), and enter the basals (fig. 
6)-even, perhaps, as in one of my specimens injured during life, 
extending down an eighth of an inch upon the column (fig. 7a). 
There are no other differences between them; and the same thing 
is true of those from the Kentucky localities, where they are also 
always found closely associated. In the extension of the ambulacra 
there is, in fact, a wide range of variation among the specimens of 
both localities. In those where the two lateral ambulacra pass down 
upon the basals, the ambulacra on the other rays encroach in very 
different degrees upon the radials, as was also pointed out in 1882 
by Carpenter in his paper already cited. In some they pass down 
over the calyx almost as far as they do in the lateral rays; in some 
they only touch the radial for a shOTt distance; in some they fail to 
reach one, or perhaps two radials at all. Then there are forms inter
mediate in size, where the lateral ambulacra traverse the basals to 
a much smaller extent, and in which the other ambulacra either touch 
the radials but little, or only one or two, or not at all. Finally, 
among the small forms of the size of the type of H . eldonensis (Dr. 
Parks' figures of both forms are enlarged, although the explanation 
does not mention it), there are many in which the lateral ambulacra 
touch the basals but very slightly, or not at all (Plate II, fig. 12). 

So it is possible to construct a series of specimens ranging from 
those in which the lateral ambulacra are limited to the radials aud 
the others do not reach them at all, through the above intermediate 
stages, to those in which the lateral ambulacra traverse the basals 
completely, even entering upon the stem, and the others cross the 
radials and go on to the basals; and having, concurrently with these 
modifications, a variation from small and delicate to large and rugose. 
The following table gives the actual data for such a series, taken 
upon 104 Canadian and 43 Kentucky specimens, divided roughly 
into three sizes, which I call large, medium, and small:-



TRENTON ECRINODER:M: FAUNA AT KIRKFIELD, ONT. 21 

EXTENT OF AMBUL.\CRA ON-

Non-arm-bearing 
Rays. Arm-bearing Rays. 

Size of 
Specimens. 

Fully on BB ....... . .. . . 'Fully on RR ..... ...... · [Larg.e .... . 
Medmm ... . 

l~ully on BB...... . .... Slightly on RR or only L•trge ..... . 
on some .... . ...... .. . Medium . . . . 

Fully on BB ............ Not on RR., .......... Large .. . . 
Medium ... . 

Slightly on BB ...... . .. . Not on RR ....... . .. Medium ... . 

!

Small. . .. . . . 
Not on BB .............. Not on R.R . . ····-··· .. Medium ... . 

Small. ... . . . 

No. OF SPECIMENS. 

Canada. Kentucky. 

15 
1 

0 
1 
1 
0 

30 
0 

51 

18 
3 
2 

10 
0 
0 
3 
0 
0 
7 

Upon the small specimens the ambulacra are often very delicate, 
and it is hard to see where they end. In the thirty above noted where 
the ambulacra pass to the basals, while in some -very plain, they most
ly pass just a little beyond the basi-radial suture, but still quite 

• enough to show that the ambulacrum is not morphologically limited 
to the radials; different stages of this are shown on Plate II. One 
specimen has four arm-bearing rays, and only one calyx ambulacrum . 
.A. number have a slightly tubercular surface, but are not otherwise 
different. 

On the other hand, as between the specimens from the two locali
ties respectively, there is the difference in arm development which 
is constant within the respective limits, and which, so far as we can 
judge from present knowledge of growth in the living Crinoids, must 
have originated during the developmental stage, and not during 
adult growth. The Kentucky form is characteristically short-armed, 
while the Canadian form is distinctively long-armed-thus suggest
ing a specific separation upon grounds much more decisive than can 
be pointed out between many described species in this group of 
fossils. 

These considerations lead to the final question whether the Cana
dian forms identified as H. problematicus should be made a new 
species on account of the difference in arm structure, or whether 
they should be held to be simply the older stage of H. eldonensis, and 
the diagnosis of the latter modified accordingly. In view of the fact 
that Dr. Parks was the £rst to investigate and describe the Canadian 
forms, I prefer to place the foregoing facts at his disposal and leave 
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the decision of the question to him, hoping that he will publish his 
conclusion; but the weight of evidence seems to me to favour the 
latter view. 

Before leaving this subject, a word should be said about the rela
tions between this genus and Hybocrinus . In the elements of the 
calyx and the construction of the tegmen the two genera are sub
stantially identical, as is the case with various genera in other family 
groups. The asymmetry of the calyx, due to the greater size of the 
plates on the posterior side, and the excentric position of the column, 
are common to both; but this, only moderately developed in Hybo
cystis, becomes sti·ongly pronounced in Hybrocrinus (at least in H. 
twnidus), producing the peculiar' hump' posteriorly which suggested 
the name. The anal plate, relatively small and slightly projecting 
in Hybocystis, is greatly enlarged, and its distal margin highl;y 
arched and projecting much above the level of the radials in Hybo
crinus; but it is without any of the deep furrowing towards the sutures 
such as I have described in Hybocystis-the grooves being confined 
to the distal margin, where they form a regular crenulation. The 
'hump' in the calyx of Hybocrinus tiimidus is no doubt due to some• 
unusual functional peculiarity of the hind gut; in the silici£ed speci
mens from Mercer county, Kentucky, there is always found a large 
cavity corresponding with the bulging anal and radianal plates. In 
the brachial structure, however, they are as far removed as any two 
genera in the same family can be. No sexual difference, as suggested 
by Wetherby, if one may judge from what we know of sexual condi
tions in the living Crinoids, could account for the wide departure 
of Hybocyst·is from the normal arm structure. Hybocrinits has such 
normal structure: regular and equal arms, with ambulacra confined 
to the ventral side, tapering to points, and increasing by addition 
of new brachials at the distal end; whereas JI ybocystis departs from 
it in such an extraordinary way as to lead to elaborate discussion 
and wide difference of opinion whether it is a Cystid, a Blastoid, or 
a Crinoid. Dr. Bather, in the Treatise on Zoology, p. 95, et seq., 
-upon perfectly satisfactory reasons, considers it an ancestral Crinoid, 
confirming the view of Wachsmuth and Springer that it is 'a Crin
oid of low organization.' He finds the decisive crinoidal affinities 
of the genus in the two brachia! ossicles (all that were then known), 
supported on the su=its of the radials, over which the ambulacral 
grooves pass from between the deltoids (orals) down on to the outer 
surface of the radials. 'These ossicles,' he says, 'form exothecal, 
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jointed outgrowths of the abactinal thecal plates,' and ' therefore, 
though incipient, they constitute true brachia.' This view is strong
ly reinforced by the present discoveries showing the extension of 
these brachia to five and six ossicles. As an ancestral t3·pe, traces 
of its dominant character may be found recurring frequently among 
the Orinoidea, as in the flexible genus Cholocrinus (Forbesiocrinus 
obesus of Angelin), where the anterior and two posterior rays are 
increased enormously by division, at the expense of the lateral ra;rs 
which are dwarfed and insignificant; and in many Batocrinoid genera 
like Meg·istocrinus, Agaricocrinus, etc., where increase in the num
ber of arm openings is first effected by additions in these same three 
rays. 

Three species of Hybocrinus have been described, two from the 
Trenton and one from the Ohazy. The two Trenton species, H. 
tumidus and H. coniws, hitherto separated chiefly on account of 
size and proportions of the calyx, occur together at Ottawa, but per
haps not in the same strata. It is rather singular that the two 
genera have not been found together at the Canadian localities. 
Hybocystis has not, to my knowledge, been recorded from Ottawa, 
where the original Hybocrinus were obtained, and in all my collec
tions from Kirkfield, and those of the Geological Survey and Toronto 
University, covering five seasons' careful work on the well-weathered 
dumps of the canal cutting, and yielding the H ybocystis numerously 
as before stated, I have not seen a single specimen of Hybocrinus. 
But in Kentucky, in two different localities in 1.Iercer and Woodford 
counties, the two genera are found indiscriminately mingled in the 
debris of the same beds. There the Hybocriniis, all clearly belonging 
to H. tumidiis, have been separated, in collecting, into two forms 
which I find myself unable to distinguish by any constant characters, 
except that the basal part of the calyx in the smaller one is more 
rounded, as is the case in younger specimens generally. So 
it appears that we have here a case similar to that of Hybocystis, 
where the specimens as found merely represent the extremes of in
dividual growth in one species. 

Returning now to the apparently conflicting views upon the struc
ture of the anal plate: Prof. Wetherby and Mr. Billings were both 
right in their observations, and W etherby's figures of H. tmnidits 
from Mercer county, Kentucky (J our. Oin. Soc. Nat. Hist. III, 
July, 1880, Plate V, figs. 2c, d) are perfectly correct. This specie 
has since been found in considerable numbers, both at the original 
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locality in Mercer county, and in much better preservation at another 

in Woodford county. I have upwards of fifty specimens showing 
the anal plate, and in every one of them it is large, highly arched 
above the level of the radials, and strongly crenulated by grooves 
passing over its rounded distal margin in a dorso-ventral direction 
(Plate V, figs. 1, 2, 3). There is no sutural face whatever for the 
attachment of succeeding plates, but the rounded margin is of a 
character suitable for the attachment of perisome. I find upon ex
amination of Billings' tY]Je specimens of H. tumidus that the same 
structure is perfectly evident in them also. It is plain in the orig
inals of figures la, and c, of Dec. IV, Plate II, and is in fact well 
indicated in the figure, la, though the crenulation is not shown, being 
concealed by the matrix. I have figured the posterior side of the 
type, 1e, where the structure is entirely clear (Plate V, fig. 5). 
Both the arched form and the crenulation appear in other specimens 
from Ottawa, and this must be taken as one of the strongest char
acters of the species. To it must be added the characters of the 
tegmen, hitherto UJ1known, but now observable in specimens from 
Woodford county, Kentucky. It is substantially the same as that 
of Hyb,ocystis, though the exact details of the ambulacra and oral 
plates are not well preserved; and it is very different from that of 
JI. conicus. The anal pyramid, composed of strong, upright, trian
gular plates, is in front of the arched anal plate, and in all the 
specimens is sunk down considerably below its margin, and separated 
from it. It is not connected with the anal plate by any succession 
of suturally united plates, but is no doubt surrounded by a flex
ible integument of small plates, extending from the posterior oral 
to the edge of the anal plate; although not preserved in the speci
mens. the space for such a bordering integument as is found rn 
Ilybocystis is apparent (Plate V, figs. 3, 4). 

Now this is an entirely different structure from what is found in 

H. conicus, which is t he species upon which ~Ir. W. :R. Billings made 

his observations mentioned in Revision of the Palreocrinoidea, III, 
p. 199. A diagram founded on his drawings is published in Lankes
ter's Treatise on Zoology, III, p. 125, fig. 36; but as this does not 
bring out clearly the contrast in details "·hich I wish to point out. 
I give figures from a specimen of my own, lateral and summit views 
(Plate V, figs. 6a, b). From these it will be seen that the anal 
plate, instead of being arched, rounded, and crenulated, has its mar-
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gi11 in about the same line as the radials, and is directly succeeded 
by small, but well-defined plates suturally attached to it, passing 
gradually to a snrnll anal opening at the upper margin. The anus, 
instead of being through a rnlvular pyramid of triangular plates sur
rounded by perisome, is a simple opening through these small plates. 
These are supported at one side by the anal plate, being flush with 
its outer surface, instead of lying entirely inside of it, and separated 
from it by other structures. The anal plate is here more like an 
ordinary one, forming the support for a regular diminishing series 
of plates leading to the anus, and by no means such a prominent and 
peculiarly shaped affair, apparently terminating the calyx wall, as in 
H. tumidus and H ybocystis. The two species, therefore, hitherto 
only separable by differences in the relatirn proportions of the calyx 
and arms, are thoroughly distinguished, in addition to the Yery 
different form and position of the anus, by the presence or absence 
of this highly specialized anal plate. 

CASTOCRIKUS AR'fICULOSUS (Billings) . 

llete1·ocrinus articiilosus.-Dec. IV, p. 51, Plate IV, fig. 8. 

CASTOCRINUs· INEQUALIS (Billings). 

Heterocrinus inequalis.-Dec. IV, p. 51, Plate IV, fig. 7. 

Rare; only a single specimen of the last species has been found. 
These two species, described by Billings from imperfect ·material 
under II eterocrinus, with the suggestion that they probably belonged 
to some other genus, are of the most primitive type of the Cal
ceocrinidae. Their generic relations have been fully discussed in the 
works of Ulrich, Ringueberg, and Bather. C. articulosus also occurs 
in Kentucky. 

HETEROCRINUS TENUIS Billings. 

Dec. IV, p. 50, Plate IV, fig. 6; Plate X, fig. 1. 

Not uncommon at Kirkfield. Specimens with part of the column 
attached show that while it is pentagonal near the calyx, it enlarges 
and becomes round as it recedes, until it presents a very different 
appearance. But it probably does not continue to enlarge to the 
same extent as that of Ohiocrinus. 
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Omocnrxus BELLEVILLENSrs (W. R. Billings). 

H eterocrinus bellevillensis. Trans. Ottawa Field Nat. Club, 1883, 
Ko. 4, p. 45 ; and Plate. 

This species was excellently described and illustrated by Mr. 
Walter R. Billings from a good specimen found at Belleville. lle 
recognized the marked heterotomy of the arms, consisting of two 
main branches to the ray bearing armlets instead of pinnules. The 
species has been frequently mentioned in morphological discussions 
by various authors, diagrams of it having been made by Dr. Bather 
in his work on British Fossil Crinoids as representative of the genus 
11 eterocrinus. Wachsmuth and Springer undertook to place it, along 
with H. heterodadylus and several other species, in a generic group 
under a new name-Stenocr,inus-a nomenclatorial adventure which 
was unsuccessful, as will be shown presently. The association of 
species was not more fortunate than the naming of them, since H. 
bellevillensis is wholly different in its arm structure from H. hetero
dactylus, and belongs to the group for which we established the genus 
Ohiocrinus (Rev. Pal. III, p. 208). 

At that time our investigation of the little group of Lower Silur
ian monocyclic Crinoids described under H eterocrinits, all having 
unequal rays by reason of the presence of compound radials or their 
equivalents in some of them, indicated the advisability , of subdivid
ing it into three genera, which we proposed as follows (Op. cit. pp. 
207, et seq) :-

H eterocrinits, with H. simplex as type. 
Stenocrinits, with H. heterodactylus as type. 
Ohiocrinus, with H. laxiis as type. 

This subdivision has been accepted by subsequent authors, but 
through some misunderstanding of types the name H eterocrinus was 
assigned by us to the \l'rong set of species. H. heterodactylus, being 
Hall's type of that genus, could not be taken for the type of a new 
genus; therefore, Stenocrinus must go into synonymy. Heterocrinus 
must be retained for the H. heterodactylus group, thus leaving the 
form represented by H. simplex and allied species without a name. 
For this S. A. Miller supplied the name Ectenocrinus. Hence the 
species listed by us in the Revision under Stenocrinus should be 
written H eterocrinus, and those undel' H eterocrinus should be written 
Ectenocrinus. From the latter, however, as already stated, must be 
excepted the species under consideration, H. bellevillensis. 



TRENTON ECHINODER~I FAUNA AT KIRKFIELD, ONT. 27 

The structure of the anal side is substantially the same in the 
three genera, having a radianal directly under the right posterior 
radial, bearing the anal x on its left shoulder; and they further agree 
in having unequal rays, because in three of them the radial is trans
versely divided, producing what are known as compound radials. 
They may be distinguished as follows:-

1 .. . ... Column pentagonal, quinquepartite. 
a. Arms irregularly dichotomous, divergent. Vent-

ral sac straight and delicate ................... . Heterocrinus. 
Species: H. heterodactylus, H. juvenis, B. exilis, 

H. tenuis, H. milleri, H. geniculatus, H. 
pentagonus. 

b. Arms heterotomous, divergent, having 10 main 
branches, with ramules usually bearing sub
ordinate branches. Ventral sac strong and con-
voluted ......................... . ... . ....... ... .... . Ohiocrinus. 

Species : 0. laxus, 0. constriclus, 0. whanus, 0. 
vaupeli, 0. bellevillensis. 

II ...... Column round, tripartite . 
c. Arms isotomous, abutting; 10 in number, with 

ramules or pinnules .............................. Ectenocrinus. 
Species: E. simplex, E. grandis, E . canadensis. 

The species referred to Ohiocrinus are all from the Hudson river, 
or Cincinnati an group, except 0. bellevillensis. This differs from 
the others very strongly in the fact that its ramules do not alternate, 
but are restricted to the inside of the dichotom-a feature which 
was noted by Ur. Billings, and which he said was ' unknown in any 
species of the genus previously described.' It might be suggested 
that this important modification of brachia! structure would require 
further generic separation, as has been done in another group. Un
til a comprehensive study of the whole of the Palaeozoic Inadunata 
has been made, which I hope to accomplish hereafter, and the full 
taxonomic value of these characters is more thoroughly understood, 
I do not care to propose it. Whether the ramules themselves in 
turn bear subordinate branches or pinnules cannot be ascertained 
from the specimens; they are relatively stronger than in 0. laxus, 
in which such secondary branching does occur. 

The Kirkfield material enables me to add to the lmowledge of 
this species furnished by l\Ir. Billings the fact that it has a convolu
ted ventral sac, which confirms its reference to Ohiocrinus, of which 
this is the most striking character shown by the Cincinnati speci
mens. We now also have the complete characters of the stem, which 
is beautifully shown in a magnificent specimen found by 1Ir. Kirk 
in 1905; the crown is preserved in perfect condition, and the stem 
continues from the calyx to what was evidently very near the end
a distance of over twelve inches. The remarkable thing about it is, 
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that whereas the stem next to the calyx is, as described by l\Ir. 
Billings, sharply pentagonal, and divided into five longitudinal seg
ments, after a few inches it becomes round, and increases in size to 
nearly double the diameter at the lower end. This is accomplished 
by secondary growth, dearly shown in cross-sections at the thickest 
part, in which the original pentagon with its five divis.ions can be 
plainly seen in the middle. 

Ectenocrintts canadensis, described by Billings, from Ottawa, is 
not represented in the collections from Kirkfield. 

CuPULOCIUNUS JEWETTI (Billings). 

Plate III, figs. 5a, b, 6, 7a, b, c. 

• Dendrocrintts jewetti.-Dec. IV, p. 43, Text-fig. Plate I, figs. 10, 11. 

CUPULOCRINUS llUMILIS (Billings). 

Plate I, figs . 8, 9; P1ate III, figs. 1 a-e, 2, 3. 

Dendrocrinus humilis.-Dec. IV, p. 39, Plate III, fig. 4. 

These two species are by far the most abundant Crinoids at the 
Kirkfield exposures, and they are found in good preservation. The 
use of this long ignored generic name of d'Orbigny calls for expla
nation. The above species were described and :figured by Billings at 
the places stated in the citation, to which must be added a :figure of 
D. jewetti given by W. R. Billings in 1883 (Trans. Ottawa Field 
Nat. Club, No. 4, Plate without number). Comparing Billings' 
original :figures of these and of D. latibrachiatus (Dec. IV, Plate III, 
:fig. 5), with that of D. gregarius on the same Plate, :fig. la, and of 
D. longidactylus of Hall (Pal. N. Y. II, Plate 42, :fig. 7a), it is evi
dent that the species referred to Dendrocrinus cannot all remain in 
the same genus. Forms in which the :first brachials rest in small, 
horse-shoe-shaped sockets in the middle of the distal face of the radial, 
must be separated from those in which the facet bearing the first 
brachial :fills the entire distal face of the radial; for this is a char
acter elsewhere recognized as of family importance. 

The :first is of the form of (a) D. longidactylus (type of Dendro
crinus), D . gregarius, D . acutidactyliis, etc., which seem to have a 
round stem. It also includes (b) D. casei, etc., from the Hudson 
River g-roup at Cincinnati, and D. proboscidiatus, from the Canadian 
Trenton, except that they have a pentagonal stem. The second is 
the form of (c) D. jewetti and D. hurnilis from the Trenton of Bel1e-
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ville and Ottawa, D. lat·ibrachialus from the Hudson River group 
of Anticosti, and D. polydactylus (described by Shumard as Homo
crinus) from the Hudson River at Cincinnati. 

Forms a and b have a similar anal side and ventral sac, viz., a 
broad and very long sac of about uniform hexagonal plates imme
diately following the anal plate: text-fig. 1. Form c has a wholly 
different anal structure; the anal x being followed by a median, tubc
like and relatively short row of large plates in vertical series, bordered 
by small irregular pieces on either side, much resembling that of 
some Flexibilia: text-fig. 2. 

F;3 .1 . Fig . 2 

Dend»ocrinus longidactulus. Cupulocrinus hmniz.is. 

Hence the following analysis-all being of course dicyclic, with 
five infrabasals, a large radianal under the right posterior radial, and 
having arms dichotomous, without pinnules :-

1. ..... Anal x followed by ventral sac of hexagonal 
plates in longitudinal rnws, without distinct 
median ridge. Radial facets round, not filling 
dis1·al face of r~.dial. 

a. Colt!mn round ......................... . Dendrocrinus. 
Species: D. longidactul us, D. gregarius, etc. 

b. Column pentagonal. ......... ........... . D. case·i, etc. 

II ...... Anal x follo"·ed by median row of large plates 
bordered b~- irregular plates on either side. 
Radial facets linear, filling distal face of radial. 

c. Column round.. . . . . . . . . . . . . . . . . . . . .. . D. jewetti. 
-hurnilis. 
- ·conjugans. 
-latibrachiatus. 
-polydact11lus. 

and 'scyphocrinus' heteroc/Jstalis, of Hall. 

The last named species gives the clue to a generic name for sec
tion c. Hall described it in 1847 (Pal. N.Y., I, p. 85, Plate 28, :figs. 
3a-f), as the sole species upon which he proposed the genus Scypho
crinus. His generic description is as follows:-

'Pelvis (base) composed of :five pentagonal plates; costal (radial ) 
plates :five, four of them heptagonal and one irregular and octagonal; 
a second row of costal plates, or perhaps more properly a double row 
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of scapular plates, which are similar, uniform, and quadrangular, 
except oYer the irregular costal plate; scapulae (brachials) support
ing a cuneiform arm joint, interscapular and interbrachial plates.' 

This description, like many others made at a time when know
ledge of the Orinoids was in its infancy, is meaningless as genera 
are now understood, and furnishes no basis whatever for a determina
tion of any definite characters for the genus, or the reference of 
any specimen to it. It would fit any monocyclic Orinoid having five 
basal plates with one truncated for an anal, and some interbrachials. 
For describing the species Hall had two specimens : one a calyx only, 
fig. 3a, and another with a considerable portion of the arms pre
served, 3d, e. As figured, they appear to represent very different 
t:ypes, and in the specific description he included characters taken 
from both of them. These specimens are now in the American 
Museum of Natural History, New York, and I have had an oppor
tunity, thanks to the courtesy of Dr. E. 0. Hovey, Assistant Curator, 
to examine and make figures of them. The original of fig. 3a is 
imperfect, and has some cracks which Hall mistook for sutures, thus 
giving an erroneous representation of the arrangement of the plates, 
both in the figure and diagram. The other specimen, 3d, e, is more 
complete, but Hall's figures were made from positions which failed 
1o show its most important diagnostic character. The base is im
perfect (Hall's figures show the stem attached, but the fragment of 
the matrix containing this and part of the base has disappeared), 
but enough remains to show that it was a dicyclic Orinoid, with five 
infrabasals, and a prominent anal series. The accompanying draw
ing, text-fig. 3, was made after some additional cleaning, and is 
sufficient to show that it belongs in all substantial respects to our 
form c, as above defined:-

Ftg.3. 

'Scyphocrinus' heterocostalis Hall; from the principal type specimen, 
Pal. N.Y., Vol. I, Pl. 28, fig. 3d. 

Hall's diagram-fig. 3b-was constructed chiefly from 3a, but 
evidently included characters taken from both specimens. It shows 
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s monocyclic Crinoid, with five basals, and three primary brachials 
:following the radials; whereas the original of 3a has clearly but two 
primibrachs, with the number of basals uncertain-being in fact a 
Camerate Crinoid with radials in contact all around, belonging to 
the family Melocrinidea; 3d has more than two primibrachs (in fact 
five) and the number of basals is clearly firn, with the addition of 
another circlet below them. 

In the circumstances, I think it proper to leave the doubtful 
specimen, 3a, out of consideration, and to take the characters of the 
genus and species from 3d, from which they can be definitely ascer
tained. 

The name Scyphocrinus was pre-occupied by Zenker, and instead 
of it d'Orbign;y (Prodr. Pal. I , p. 23) proposed the name Cupulo
crinus, with 0. (Scyphocrinus) heterocostalis, Hall, as first species 
mid type. He gave the following generic diagnosis: ' Calyx cupuli
form, composed of five series of pieces, and having five basal plates '; 
which represented what he could extract from ~all's definition, and 
was equally non-luminous. Further on, page 46, no doubt induced 
by Hall's fig. 3a, he ranged Cyathocrinus tuberculatus !Iiller (a 
flexible Orinoid), from the Wenlock Limestone of Dudley, England, 
under the same genus. So the case comes to this: that while both 
Hall's and d'Orbigny's generic definitions are absolutely "·orthless, 
and the specific description no better for any diagnostic purpose, 
there is an authentic type specimen, accessible to the scientific pub
lic, which discloses definite characters of generic rank uniting a con
siderable assemblage of species. These facts, under the rules of 
nomenclature, are sufficient to establish the genus as valid under 
cl'Orbigny's name, and its definition will be as given above under 
section c, including the species there listed. The only alternative, if 
the confusion arising out of Hall's two types renders this doubtful, 
is to propose a new genus for this group, "·hich I am not prepared 
to do. 

The forms of this generic type at Kirkfield fall readily into two 
principal and well marked species, which, in view of their predomi
nance in the fauna, it may be advisable to define more fully. Both 
are characteristic examples of the genus as I have defined it; having 
five infrabasals, very wide primary brachials, completely filling the 
face of the radials, so that the rays are closely abutting, except at 
the anal side, where they are separated by the tube-like base of a 
large yentral sac (or anal tube, whichever it rna:v finally be called), 



32 GEOLOGICAL SURVEY, CAKADA 

which nses to about the' third bifurcation of the arms; excepting, 
however, as to occasional small, irregulm· interbrachials hereafter 
mentioned. 

No. 1 has calyx plates convex, and more or less strongly marked 
with ridges or folds radiating from the centre to adjoining plates, 
with the sutures much depressed; inter-basal sutures sharply bevelled; 
brachial sutures strongly gaping and often sinuous, resembling those 
of some Flexibilia; number of primibrachs differing in different rays 
according to a definite and fairly constant plan, viz., three in each 
1•osterior ray, four in the lateral rays, and three in the anterior ray. 
There are slight variations from this, as five in the lateral rays, or 
four in a posterior, but the rule holds good in three-fourths 0£ a 
large numb13r of specimens. Ventral sac with prominent keel along 
median plates. Base well rounded; stem small, not enlarging at the 
calyx, and with alternate long and short columnals, none of them pro
jecting. General form of crown rather short and stout (Plate III, 
figs. 5a, b, 6, 7a, b; Plate I, figs. 10, 11). 

No. 2 has calyx plates perfectly smooth and flush with each other; 
no depressed sutures in the calyx, and those between the brachials 
less strongly gaping; number of primibrachs 4, 5, or 6 to the ray, 
apparently without r egular plan. Ventral sac evenly rounded, with
out median keel. Stem strong, enlarging next to the calyx to the 
diameter of the truncate base; composed of uniformly thin columnals 
for some distance, when they begin to alternate in size and differ in 
diameter, there being a projecting one at intervals of ;four or five, 
or more; it is short, and tapers rapidly to a fine point. General form 
of crown elongate, with arms becoming long and slender (Plate III, 
figs. la, b, c; 2, 3; Plate I, figs . 8, 9). 

No. 1 agrees very well with C. jewetti, though in the description 
and original figure the definite arrangement of primibrachs does not 
appear; in fact, if correctly shown, the type specimen must have been 
of the irregular kind, as it shows four in the posterior rays. E. 
Billings' type cannot be found, but the original of W. R. Billings' 
figure, now in the mu eum at Ottawa, conforms exactly to the rule. 
There is a very similar fo:·m from Kentucky in which, while having 
strongly bevelled sutures, the calyx plates are smooth, without any 
ridges or raised centres; in this, among a number of specimens, the 
primibrachs are much less regular, being mostly three in the anterior 
and right posterior rays, with four or five irregularly in the others; 
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it still shows, hO\rnver, the tendency to an exces::; of lmichials rn the 
lateral ra;ys (Plate III, figs. , 9) . 

Compared with Billing·s' :figures, it would seem that our No. 2 
might be referred to D. latibrachiatus rather than to D. h1imilis. 
The type specimen 0£ humilis cannot be found in the collection at 
Ottawa (having probably been mislaid at the time o:f the removal 
from l\fontrea1), and there are no duplicates. It was evidently a 
iiattened specimen, and thus the :figure gives the impression of a 
broader and lower calyx than was probably the fact. D. latibrachiatus 
was said by the author to be closely related, the only difference being· 
in the greater b1·eadth and length of the arms. Examination of the 
type specimen, however, and some others from the same locality, 
shows that it is thoroughly differentiated from the Kirk:field form 
hJ· the base and stem characters. While, as Billings said, the stem 
is not preserved, the facet for its attachment shows that it was very 
small, with a strongly rounded base curving in towards it-nothing 
at all like the broad, truncate base passing into a large, tapering 
stem, of the Kirkfield species. l\Ieasurements are quite decisive on 
this point; the width of the stem-facet in several specimens of lati
urachiatus is to the width of the calyx at the top of the infrabasals 
as 1 to 3, while in the Kirkfield species it is about 1 to 1·3. So 
latibrachialus may be eliminated; but I will say about it in passing 
that while the anus are more closely abutting than in any of the 
other species, some specimens show a slight development of the same 
kind of small interbrachial plates hereinbefore described. D. con
jugans is disting·uished by its narrower and much more rounded arms, 
and is distinctly represented by a few specimens of that character 
found. Of Hall's 0 . heterocostalis from New York we do not know 
the base well enough for comparison. Considering the great general 
similarity of the faunas of Kirk:field and Ottawa, and that humilis 
i,; associated at the latter with jewetti, which is thus distinctly recog
nized from both localities, I think it best to apply the name humilis 
to our species No. 2, with the characters above set forth. 

C. latibrachialtis was described from the Hudson River beds of 
Anticosti. C. polydactylt1s, another well-known Hudson River species 
:from the Cincinnati region, is of the type of G. jewetti, with strongly 
convex p1ates and deep sutuTes. So we have the two forms persisting 
from the lower Trenton into the Hudson River; thus making the 
g~nus, with its wide geographical range, one that must be recognized 
as a very stTong type of an ear1y Palreozoic Crinoid. 

56~5-:J 
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Referring now again to the suggestion of the Flexibilia in con
nexion with Hall's fig . 3a, it is to be remarked that there i a 
striking resemblance superficially in specimens of this type to some 
forms of that group. The closely abutting arms, and the widely 
gaping and often strongly sinuous sutures between the brachials, all 
recall the characters of many Flexibilia (Plate III, figs. 7a, b, c). 

The anal side, with its tube-like row of median plates, is remarkably 
similar to that of Protaxocrinus, Gnorimocrinus, etc. ; but this tube
like series is produced into a strong ventral sac rising to half the 
height of the arms, which is not found among lmown Flexibilia 
(figs. 2, 5a, 6; Plate I, fig. D). ln addition to this, and of much 
significance, is the fact that in many of these specimens of both 
species there are to be seen between the ray divisions a large number 
of small plates. They are irregular, and seem mostly to be parts of 
perisome pushed out between the rays, often in a small rounded fold 
(Plate III, fig. le, 5b); in rare cases, however we find a small, well
defined plate fitting exactly into the axil, just as a regular inter
brachial plate (Plate III, fig. 3) . 

The ventral sac in these species is much longer than we find in 
an,y form of the Flexibilia, and this would ordinarily be taken to 
indicate the possession of a rigid tegmen inconsistent with the struc
ture of that group. A long and strong ventral sac has heretofore 
been considered to neg·ative the presence of a pliant disk, being sup· 
posed to require a solid tegmen for its support. In many Inadunata 
the sac is itself the chief part of the tegmen, the anus not being 
located at its extremity, but at var ious places below it-sometimes at 
its very base, on the anterior side. In most Hecent Crinoids the 
posterior protuberance represents the anus alone; it i simply a por
tion of the perisome raised above the level of the disk by the pro
trusion of the hind gut, forming a tube with the anal opening at the 
end of it. The anal tube of Onychocrinus, etc., is similarly formed, 
except that it has a vertical series of strong plates supporting it on 
the posterior side, thus making possible a considerably greater length 
of tube. I have traced the sac in both the present species to the 
extremity, and I see nothing which might not be a mere exaggera
tion of the anal tube of Onychocrinus, Taxocriniis, etc. The strong 
vertical series of median plates runs all the way up, but the sides 
of the sac do not seem to be much different from those of the pro
truding perisome in those genera. I have not identified the anal 
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opening in these species, but have little doubt that it is at the distal 
end. For further comparison I have £gured a specimen of a small 
undescribed species found associated with 'Dendrocrinus' polydac
tylus in the Hudson River group, near Cincinnati, with the tube
like series curving over upon the tegmen, almost exactly like we £nu 
it in Onycho&rinits (Plate III, figs. 4a, b). 

If now the small, perisome-liJ;:e interbrachials became constant, 
we should have nothing lacking to proclaim a Flexible Crinoid, simi
lar to those we know, except to transform the five infrabasals into 
three-apparently one of 1.he qasiest of changes in the Crinoids, 
Fusion of t1Yo pairs of the p1·imitiYc £ve plates, as has actually 
occurred within the limits of a family between Cyathocrinus and 
Gissocrinus, and the thing is done. Even the incorporation of inter
br achials is not essential, as there are several genera of the Flexibilia 
without any. The enlarging stem of Cupulocrinus hiimilis next to 
the calyx is also a very common character among the Flexibilia, but 
rarely found in other groups. 

The number and distribution of primibrachs, however, is different 
from those in the Flexibilia generally. There the rule in the pre
Devonian genera is not exceeding two primibrachs, with one 01· two 
exceptions in the Silurian having three. More than thrne are un
known in any normal Flexibilia until found in the Carboniferous 
Oligocrinus and Onychocrinus-about the last imp0rtant modifica
tion that occurred before the non-pinnulate division of the order be
came extinct. Furthermore, except in occasional abnormal speci
mens, whatever the number may be, it is constant for all five rays
an apparent but not actual exception being in forms like I chthyoc
rinus, where the radianal so much resembles a radial that it looks as 
if there were an extra brachial in the right posterior ray. The pre
sence of three and more prirnibrachs in the species before us, and 
their unequal, and in C. hnmilis irregular, distribution among the 
rays, and of five infrabasals-a character so far unknown among 
the Flexibilia-are facts which would incline us to range them 
rather under the Inadunata, as causing less con.fusi>0n in the de£nition 
of the larger groups. But there is very clearly an intermingling of 
the characters of the two orders, and it is evident that we have here 
to deal with a transition form whose exact status is difficult to decido 
from what we can see in the fossil. 

The order Flexibilia is considered to be an offshoot from the 

5675-3~ 
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dic;rclic Iuadunata, through modifications resulting iu an open mouth 
and the loose incorporation of brachials in the calyx. We have not 
hitherto been able to point out the origin or· probable course of these 
modifications, but it was reasonably to be expected that the connex
ion would be found through the non-pinnulate Del'ldrocrinidae, the 
exact nature of whose tegmen has never been discovered. It is now 
of much interest to note that the earliest known genus of the Flexi
bilia occurs in this same lower Trenton Limestone, and that species 
of it-Protaxocrinus elegans and P. Zrevis-are found in the same 
horizon and localities as Gupulocrinits, and directly associated with 
two of its species in which the above-mentioned tendencies towards 
the Flexibilia are observed. We do not know the length of the anal 
tube or ventral sac in Protaxocrinus, but we know it was very strong, 
and constructed in a very similar way, so far as can be seen (Plate 
III, figs. 10, llb) . It is to be remembered, also, that these two 
genera are in the same stage of development as to the radianal. a 
character which is conceded to be of high importance in the phylo
geny of the Orinoids. In both of them the radianal is in what we 
call the primitiYe position, being located within the ray in the form 
and position of a radial, directly under the right posterior radial
infer-radial-giving· to that ray one more plate below the brachials 
than the other four. 

Having, therefore, two contemporaneous genera in the earlier 
Ordovician, existing in the same locality, and being in the same 
morphological condition as regards one of their strongest characters; 
the one flouri shing in profusion and the other extremely rare; "\Ye 
have the very conditions under which "\Ye might expect to find evi
dence of developmental changes marking the divergence of two higher 
groups, which are of an admittedly common origin. This divergence 
is of such a degree in these two forms that we need not look so very 
far back for a probable common ancestor, and may yet hope to find 
it in the Ordovician. With the three unequal infrabasals of Pro
faxocrinus separated into the primitive five, and the number of 
primibrachs increased from two to three or more, it would tax the 
ingenuity of any palaeontologist to show wherein it differed generic
ally from one of these Gupulocrini having an interbrachial in the 
axil. So it may be that d'Orbigny made a shrewder guess than he 
knew of when he placed Hall's 'Scyphocr·inus' heterocostalis and 
' Gyathocrinus' fobercitlatus-one of the most widely known Flexi
bilia-in the same genus. 
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0UPULOCRINUS CONJUGANS (Billings). 

Dendrocrinus conjugans, Dec. IV, p. 41, Plate I \T, figs. 1, 2. 

This species, of which there are some specimens in the collections, 
exhibits a considerable variation from the last two, but has the trans
ition characters still indicated. It wholly lacks the closely abutting 
rays, and deeply excavated brachial sutures; the arms are rounded, 
long, and very much more slender, and the first brachial does not 
quite fill the face of the radial, thus leaving rather wide interbrach
ial spaces. These are occupied by an integument of perisomic plates 
which is broader and higher than in the other species, and without 
any well-defined lower plate; it is very similar to the structure found 
between the rays in Pycnosaccus, and Nipterocrinus. The median 
series of the anal tube is relatively rather stronger than the anns, 
and it was probably longer than in the other species. The stem is 
enlarged next to the calyx, as in C. humilis, but the projecting joints 
farther down are closer together, and the stem is much longe1· and 
tapers less rapidly. It is another evidence of the tendency to varia
tion in this genus that the stem is different in these three species, 
that of C. humilis and C. conjugans being more like the most fre
quent stem in the Flexibilia, while that of C. jewetti rather more 
resembles the stem of such exceptional Flexible genera as Gnorimo
crinus, etc. Comparison of the type specimens shows that D. cylin
dricus is clearly identical with this species, and must be held a syn
onym. 

DENDROCRINUS PROBOSCIDIA'l'US Billings. 

Dec. IV, p. 38, Plate III, figs. 3a-c. 

Fairly well represented, especially in the Toronto University col
lection. The species was described from the upper part of the 
Trenton at Montreal, and afterwards figured and redescribed by W. 
R. Billings, from a specimen found at Division Street, Ottawa. 

Dendrocrinus gregarius, which is from the middle Trenton at 
Ottawa, was not found at all at Kirkfield. 

0TTAWACRINUS TYPUS W. R. Billings. 

Plate IV, figs. 5, 6, 7. 

Tr. Field Nat. Clu~ Ottawa, 1887, Vol. I, p. -19, Plate. 

The new material enables us to supplement the description of 
this genus and species by important additional information not dis
closed b;\· the original specimens, and to confirm by further facts 
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the recognition of this by :Mr. Billings as a perfectly distinct generic 
type. The most striki11g thing about it now appears to be that it 
is the first genus of the Dendrocrinidea to show a tendency to pin
n ul a tion, its character in this respect being quite remarkable. In 
the original specimen the rays were preserved only to near the first 
bifurcation, leaving the nature of the arms and ventral sac beyond 
that level unknown. The principal distinction relied on in separat
ing the genus :from Dendrocrimis was the construction of the ventral 
sac. which is formed of hexagonal plates not in longitudinal rows, 
as is the case i11 that genus, and slight differences in the form of the 
anal and raclianal platC'<. ThC' spec imens now in hand g ive the com
plete arm structure. 

There is a bifurcation on the fomth or :fifth brachial into two 
long and slender maiu branches ; these bear ramules on each side 
altemately from every fourth joint, occasionally third, or fifth. The 
ramules arc notably smaller than the arm-about half its dia
meter-and they subd ivide on the fifth or sixth joint into two very 
11lendcr branches, which may one or both branch again on the 
seventh or eighth joint, giving final divisions of extreme tenuit;y. 
It is ahout the stage of incipient pinnulation shown in Botryocrinus 
raniosus (See BathC'r, Treatise on Zoology, fig. XXI, 1). This i;; 
the mode of branching in 0. lypus; it is varied somewhat in another 
species, as will be shown presently. The ventral sac is long, extend
ing to the full height of the arms, and is composed throughout of 
irregularl,v hexagonal pieces, without an~- longitudinal arrangement. 
In 0. typ11s it is delicate, and the plates smooth. I have figured 

three specimens illustrating these characters (Plate IV, figs. 5, 6, 7). 
This gen us is further well distinguished from Dendrocrinus b;r 

the fact that the radial facets here fill the entire distal face of the 
radials. instead of being mere rounded sockets in the middle of them, 
as in that genus. Except for this last character there woulcl be 
nothing in the generic diagnosis to distinguish Gothocriniis, e~tab

lished by Dr. Bather in 1893 (Orinoidea of Gotland, p. 114), from 
Of.tawacrinus. The author characterized it as 'a Dendrocl'intts cup 
with Botryocriniis arms,' which would still hold good in view of my 
proposal (siipra) to r estri ct Dendrocrinus to forms having small. 
round radial facets. There is, however, a great difference in the de
tails of the arm branching. Jf, RS stated in the text, p. 115, the 
m·mlets of Gothocrinus are given off from each side, then according 
to thr figure (Plate V. fig . 158) they must be borne on eYrr,v sue-
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cessive brachia], like trnc pinuules, since on each side of the arms, 
whe.rn visible, there appears to be an armlet on every second brachial. 

Another fact is developed in this genus which is of considerable 
interest in connexion with the previous discussion of the modifica
t ions of the genus Cii1mlocrinus in the direction 0£ the Flexibilia. 
For here we have another Ordovician Inadunate genus showing a 
decided development of iuterbrach ial structu res, haviug the effect of 
i ncorporating, to a slight extent, t he lower brachials into the calyx. 
] n both the typical pecies and the new one described below, are 
found c.listinct plates in the axils between the rnys. This is not 
e ntirely constant in 0. typus, but is observable in the majority of 
the specimens. In the new species, it is quite pronounced in all the 
specimens. ·with strict regard for the definitions of the respective 
order , such a form would have to be excluded from the Inadunata. 
whose leadin g· character is the non-incorporation of brachials. But 
the same objections exist to referring it to the Flex ibilia that were 
found in C11puloo,rini1s, bc~ides the possession of an extremely large 
ventral sac, of the trne fistulate type. So the only rational course 
i;; to recognize it,; iHlermediate position, and see in this modification 
of a second genus among the Den<l rocrinidre a further indication 

that in thi s Ordovician Inadunate family we are not far from the 
origin of the order Flexibilia, as an offshoot from the more primitive 
order. The Dendrocrinidre seem to be a sort of synthetic family, 
embracing a number of vai·iable drnracter to which no very close 
limi ts can be assigned, but which in late r geological time became 
:fixed in different groups. The form and construction of the anal 
series and ventral sac are not \'el'J' constant; there is considerable 
shading between genera in the form of the radi al facet; round and 
pentagonal stems tend to fall into the same g·cnus; the characters 
of Flexibilia and In adun ata are found within the familJ-; there is 
a tendency towards pinnulation in Otfowacrimis; and a peculiar 
arm structure in Dendrocrinus acididaclylus sugg·ests the strangely 
folded side pieces of the Silurian Cyathocl"ini . 

The new facts thus brought to light suggest some addition to 
the generic diagnosis of J\fr. Billings' genus, which may be stated 
thus:-

Dicyclic. wi lh five infrabasals . 
Rad'ianal large, alm est under right posterior radial. 
R adiial facets filling d istal face of radial. 
Anal x followed b~' sm::dl plates of sac not in longitudinal row~; 

c;ac 1m1g. 
Arms h eterotorn ous; 10 main branches bearing branched ramuleR. 

Column round .......... .. ...... .. . .. . .. Ottawacrinu s. 
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0TTAW AORINUS BILLINGSI 11. sp. 

PLA'rE IV, figs. 1, 2a, b, 3. 

Specimens of the genus are very rare, and 111 addition to the 
few of 0. typus the collection has yielded another fine species. The 
principal specimen is fully twice as large as the largest specimen 
0£ 0. typus, has arms at least three inches long, and a huge ventral 
sac of equal length, compo ed o.f sharply elevated, stellate plates, 
with deep pits betweeh them, giying a very roug·h surface as con
trasted with the smooth and delicate sac in 0. typus. The most re
ma rkable difference, howeYer, is iu the arms, "·hich are relatively 
stronger; and in the ramules, "-hich, instead of branching by one or 
two more or less equal bifurcations, give off secondary and sometimes 
branched ramules to the number of seven or eigh.t or more, from 
every fourth joint, not alternately, but from the same side. I do 
not recall an.r variation in arm structure elsewhere quite comparable 
to this. Definitely formed interbrachials are well developed. The 
stem, as in 0. lypus, is r ound and quinquepartite, composed of very 
thin ossicles, slightly alternating near the calyx. As it is known in 
that species to be very long, enlarging di tally to a strong root, it is 
probable that certain large stem fragments, some as rn.uch as 13 mm. 
in diameter, belong to this species. The central canal is very large, 
and the walls thin; at some places along the division lines between 
the segments into which the stem is divided are to be seen pores in 

longitudinal rows at the suture lines het\\'een the columnar ossicles 
(Plate IV, figs. 4a, b, c) . They somewhat resemble the interarticu
lar pores in the column of the recent lsocrinus. 

I esteem it a privilege to associate with this remarkable and 
thoroughly distinct species the name of Mr. Walter R. Billing , 

the au thor of the g·enus. 

0ARABOCR INUS RADIATUS Billings. 

Dec. IV, p. 21, Plate II, figs. 3a-e. 

CARABOOHINUS VANCOBTJ.Al\OT! Billings. 

D ec. IV, p. 32, Plate II, £g. 4. 

Both these species were found at the Trent Canal cutting, radial us 
represented by a few individuals limited to one place, probably the 
remnants of a small colony, while vancortlandti is fairly plentiful, 
and apparently distributed throughout the Orinoid-bearing formation. 
This material shows the distinction bet1rnen the two species as pointed 
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out by Billings to be remarkably constant. He <lernribed 0 . radiatus 
as having a globose calyx, with the arms dividing on the second free 
plate, i.e., on IB1'2, as against 0 . vancortlandti with an ovoid calyx, 
and arms dividing on or be~·ond the third free plate-IBra. This 
holds absolutely good in all the specime11 from Kirk£eld. 0. radiafos 
is also uniformly much the smaller, and has a stronger calyx, that of 
vancortlandti being composed of thinner plates and usually found 
crushed. 0. radiatus also occurs in the ba al Trenton of Kentucky, 
showing there, too, its characteristic arm division. Dr. Parks has a 
new species of Oarabocrinus among the University of Toronto mater
ial, which he will soon describe. 

PAL.£0CRINUS AKOULATUS Billings. 

D r<· . JY, p. -Ii) . Plate JII. £gs. 1;0 , 71. 

Rare. 

POROCRINUS CONICUS Billings. 

Dec. IV, p. 34, Plate II, £gs. 5a-d. 

This species is well represented, associated "·i th H.ybocystis and 
Edrioaster. P. sinithi, described by Dr. Grant from Belleville, was 
not found, but occurs in the Trenton of Kentucky associated with 
the same genera. 

LV8ERT lE SE DIS. 

CLF.IOCHIKUS REOIUS Billings. 

Plate V, figs . 7, 8, 9. 

Dec. IV, p. 53, Plate V, fig.s. 1a-g. 

Specimens of this very perplexing and anomalous Crinoid were 
found, mostly fragments. One of these, however, preserving the 
lower part of the calyx, is of special importance, because it gives us 
for the first time, in connexion with some others to be mentioned, 
a perfect view of the base from the exterior. It will be remembei·ed 
that I was able, by a difficult preparation of one of Billings' type 
specimens, to discm·er the true construction of the base in this genus, 
w1ich had before been a complete puzzle to palreontologists. This 
was explained in my Memoir on Oleiocrinus C:M:em. :Mns. Comp. Zool. 
Harvard, XXV, No. 2, p. 93, et seq, 1905), showing the base to be 
composed of five large infrabasals, resting upon the column, with a 
circlet of ten plates, consisting of five basals and five alternating 
radials, surroundi!1g them; that is, the basals and radials have been 
r1ushed down over the infrabasal ring and to;i of the stem, so that they 
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are not in direct succession, either with the infrabasals or with each 
other, but overhang the stem; and the radials, instead of resting 
upon the shoulders of the basals, as in other Crinoids, are interposed 
between them at the same level-a structure absolutely unpre
cedented in Crinoid morphology. These facts were ascertained by 
exposing the interior of the base in the specimen mentioned, it being 
impossible to discover them in other known specimens, because in all 
of them the base was concealed by the few column joints which were 
always held in place by the surrounding ring, and impossible to de
tach. 

In the Kirk£eld specimen the column is completely detached by 
weathering, so that the same parts are perfectly seen from the 
exterior, or opposite side (Plate V, £g. 7). The arrangement is 
precisely as shown in my £g. 5b, Plate J, of the work cited; the five 
large infrabasals, with the alternating basals and radials enclosing 
but not resting upon them, are. plainly visible. The evidence of 
these facts is still further confirmed b:v two other very instructive 
specimens from the equivalent Trenton of Kentucky, in which the 
calyx, divested of all the upper stem joints, is to the top of the £rst 
primibrachs completely freed from the matrix, both clorsallJ' and 
ventrally. They were embedded in a coarse sand which did not ad
here, but left all surfaces well exposed ai:ter cleaning with a soft 
brush (Plate V, £gs. 10a, b, c) . All the plates above mentioned 
aTe in perfect condition, in the same singular departure from the 
normal order as already described. 'J'hus there can no longer be 
any doubt that this structure is the usual one in this Crinoicl, and 
not in any respect accidental or sporadic. 

I wish to emphasize the fact that th is remarkable structure is not 
a mere invagination. as some authors have supposed, producing a 
concavity like that in the base of the contemporary Archwocrinus. 
Tn such cases the calyx is folded inward upon itself from below, and 
the normal succession of the plates forming its wall is retained; 
whereas here there is a complete displacement of the plates from 
their normal and natural order, so that the basals, instead of abutting 
upon the infrabasals at their distal faces, lie outside of them dorsally; 
and the radials, instead of resting upon and being supported by the 
basals, are interposed between them in the same range-a sort of 
telescoping, as it were, of the infrabasals circlet and upper stem 
joint into the ring of basals, separating· the latter so that the radials 
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cnme down between them to fill up the space. I am as much in the 
dark as eYer for an e~plaua tion of the probable origin of th is extra
ord inary structm·e. 

The study of these weathered fragments has thrown new light 
upon the construction of the calyx wall in this genus. As shown by 
the specimens formerly studied, the mode of union of the plates 
rnemed to be b.r fl ,;ort of crenulatio11 , such as is found at the margin 
of ·the sutures of tlic Flexibilis generally, and was so described b;y 
me. It is iu facL something entirely different. In 0 . regiiis, when 
the exterior surface is perfectly exposed, the sutures are crossed by 
a number of parallel sli ts an anged in diamond-shaped rhombs (Plate 
V, figs. 8, 9a) . These slits lead from either side to pores on the 
suture lines, which do uot pass directly through t he test, but tmn 
to the right and left oJ the middle and con verge from the h alf of 
each sutural face into a large, funnel-shaped pore, opening to the 
interior at each comer of t he pla te (£g. 9b). The course of 
these converg ing passag·es is better shown by the figures of the sutural 
face in t he two other spec ies (figs. lOe, llb, c). Except where the 
surface is much eroded, the laTge, inward opening poTes aTe not 
visible from the exteTi or. The whole structure is thoroughly illus
trated by a seTies of drawings on Plate V, from specimens of three 
species, the details of which are explained with the plate. 

It is evident that we have here the equivalent of tl1e pore-rhombs 
of the Cystids, simi lar to those of Echinosphaera, Glyptocystis, etc.; 
and they occur on ever,,· plate throughout the entire calyx to the 
arm bases. The test of Cleiocr'im1s is very thin . <l 1Hl rnnst have been 
extremely pliant; as shown by the figures, the actual sutural surface 
is less th an the apparent cross-section of the plates, and besides the 
plates are deep]~· c·u1· ,·ed an<l chann ell ed on the ventral side (Plate 
V, fig. 9b ), forming a system of longitudinfll fluting which extends 
from the base throughout the entire brachi al seri es to the arm bases. 
J have a large specimen of G. magnifi cus i n which this is shown 
throughout by the exfoliation of the plates. 

Gleiocri1ms, therefore. is n dic.vclic P elmatozoa n, \Yith a definite 
quinqueradiate sym metry; five infrabasals, and non-successive basals 
and radials; pinnnlate arms; a thin. pliant test; and the pore-rhombs 
nnil cal:vcine pores of the C:vst icl s. It is too s:vrn metri cally organized 
to Temain with the C:vst id s, and will not nt into any of the recognized 
onlers of the Crinoids. It was evidentl y a case of premature seces
sion from the C:vsticls. with out a rranging fo r col! gen ial associati on 
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anywhere else; and until better proofs of its relations are furnished 
it will have to remain in a sort of palrnontological no-man's-land. 

The specimen represented by fig. 10a-e, on Plate V, is elaborately 
sculptured, and has a strong, angular median elevation of the plates. 
I have another broken calyx in similar condition, aud a nearly com
plete crown, :minus the arms, showing the superficial characters still 
better, but too large to figure here. They represent a well-defined 
species, for which I propo e the name Cleiocrinus sculptus. It is 
probable that the sculpturing is made sharper than originally by 
replacement of pores and cavities by in£1tration of siliceous matter, 
and the dissohing of the outer stercom; but this did not occur at 
t.he interior, where the large pores are still representeJ by openings 
in the proper position. Another species is represented by a good 
calyx, of which I only figure the details of a few plates ; these are 
enough to show its marked difference from all others in its absolutely 
smooth surface, and I feel warranted on this character alone to rank 
it as a new species, C. lmvis. It has an obscure median ridge in 
the lower part. 

The geographic range of Cleiocrinus is greater than was formerly 
known. It is reported from Tennessee in the publication of Troost's 
~fanuscript (U.S. National Museum, Bulletin 64, p. 100) ; two 
new species of it are here recognized from the lower Trenton 
of Kentucky; and a fine specimen, much resembling 0 . rnagnificus, 
was found by Dr. Bassler in the basal Trenton of P ennsylvania. We 
haYe also an important increase in its known stratigrnphic range. 
Dr. G. H. Hudson has found it in 1.he Ohazy of Valcour island, and 
his specimens show also penetration of the test by pores at the suture 
line . He informs me that he has a paper in press illustrating this. 

EDRIOASTEROIDEA. 

EoRIOASTER BIGSBY! Billings. 

Dec. III, p. 82, Plate VIII, figs. 1, 2. 

X umcrous in one spot, associated with Porocri11i1s an<l Hyboc ystis, 

The specimens here are in very £ne preservation, showing the ambu
lacra hoth coYered and open . 

.A.GELAcnrnus DICKSON! Billings. 

Dec. III, p. 84, Plate VIII, figs. 3, 4. 

N o-t uncommon. 
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0YCLOCYSTOIDES HALL! Billings. 

Dec. III, p. 86, Plate X bis, £gs. 1-7. 

Several specimens of this very rare and obscure fossil were found, 
but they do not shed any new light upon its structure or relations. 

LICHEi'IOCRIXUS. 

A small, encrusting disk, composed of many small plate , occurs 
Tather frequently, attached to other objects, evidently the terminal 
root of a column, such as have been described from the Cincinnati 
1·ocks unaer this name. 

OYSTIDEA . 

GLYPTOCYSTIS 1IULTIPORUS Billings. 

Dec. III, p. 54, Plate III, £gs. 1a-n. 

G. LOGA~I. 

Ibid., p. 57, Plate IV, figs. 1a-j. 

PLEUROCYSTIS SQUA)lOSUS Billings. 

Dec. III, p. 49, Plate I, figs. 1a-e. 

P. ROBUSTUS. , 

Ibid., p. 49, Plate I, £g. 2a. 

AMYGDALOCYSTIS FLOREALIS Billings. 

Dec. III, p. 63, Plate VI, £gs. 1a-e. 

A. RADIATUS. 

Ibid., p. 65, Plate VI, £gs. 3a, b. 

All of these species are fairly represented, but the specimens are 

mostly much crushed. 

ASTEROIDEA. 

STENASTER SALTER! Billings. 

Dec. III, p. 78, Plate X, figs. la, b. 

This species is quite abundant and in excellent preservation. 

~TiENJURA CYLINDRICUS (Billings). 

'TCl'niaster cylindricus .-Dec. III, p. 81, Plate X, £g~. 4a, b. 
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PETRAS'l'ER RIGIDUS Billings. 

Ibid. p. 80, Plate IX, £g. 3a. 

Rare, and of doubtful identity. 

PROTAS'l'ER WHITEA.VESIANUS Parks. 

Trans. Canadian Institute, 1907-8, Vol. VIII, p, 36:3. 

The last species was described by Dr. Parks from good specimens 
collected at IGrk£eld for the University of Toronto. 

ASTROPOHITES OTTAWAENSIS Lambe. 

Canadian Record Science, 1897, p. 287 and Plate. 

Some specimens of this curious fossil were found, which are nol; 
sufficient, however, to determine with certainty its systematic posi
tion. It was described by Mr. L. M. Lambe with doubt as a Pol~·zoan. 

It appears to be a flat, discoid body having lines of large oval 
pores, with grooves between them radiating from the centre, and 
ramifying by several uniform and symmetrical bifurcations to very 
smalL ultimate divisions at the perimeter of the disc. These 
produce a reticulated appearance, somewhat resembling that of the 
ventral side of the arms of Orotalocrinus. We now know that it 
was a sessile organism of some kind, the opposite side being a per
fectly flat, amorphous surface, and the disk as preserved being very 
thin. The grooves converg·e to a rounded area in the centre, which 
projects upward to a thickness considerably greater than the other 
parts. From some fragments found at the same horizon in Kentucky 
it would seem that there was a calcareous covering above this, of simi
lar structure, whereby the grooves were roofed over, so that they were 
in fact tubular passages, so numerous, and so close together, that this 
covering was held by very weak connexions, and was readily detached 
in the fossil. There is thus some ground for believing that these 
discoid bodies may represent the lower part, or floor, of an unusualb· 
highly organized terminal root of a Crinoid, consolidated by growth 
into a calcareous plate for attachment to flat surfaces. It is found 
sometimes embedded in shale, sometimes adhering to hard limestone. 
and usually perfectly flat on the bottom. Expanded and 
consolidated roots are quite common among the Orinoids of 
this formation (see Decade IV, Plate V, £gs. lg and 2a), a num
ber of smaller ones of different shapes being known, and also found 



with the prcscut collections; but none has been known before with 
such complicated and extremely regular passag·es as this. The fact 
that none of the students of the Crelentcrates have been able to find 
a plate for this fossi l in that group, would . eem to lend additional 
force to the above suggestion. 





INDEX. 

Agelocrinus diclcsoni, occurrence of.. . . 
A mygdalocystis f101·ealis, occurrence .... 

radiatus, occurrence.. . . . . . . 
A.1·c71 wocrini1 s lacimosus, occurrence. . . . . . . . . . . . . . . . . . 

microbasalis, occurrence ...... ... . 
pyriformis, occurrenee .. 

1lstroporilcs ottawaensis, occurrence .... 
a ses ile organism. . . . . . . . 

Castocrinus articulosu.~, occurrence.. . . . . 
inequal.is, occurrence ... . ............. . 

Cr.E1ocr.rnus, structure and relations.. . . . . . . . . . . . . . . 
pore-rhombs in ...... . ........... .... .. 
la;vis, n. sp .. .. .. .. .. . . . . .. .. .. .. .. 
regius, new specimen of.. . . . . . . . . . . . . 
sculptus, n. sp ............ ...... .. 

Collections and localities.. . . . . . . . . . . 
CuruLOcnrnus, discussed and defined.. . . . . . . . . . . 

ventral sac in ............... . . 
relation to Flexibilia. . . . . . . . . . . . 

l:'AGY.. 

4J 

45 
45 
11 
11 
11 
46 
46 
25 
25 

. .+1-41 
43 
44 
·14 
44 

1-4 
..28-36 

31 
35 

confugans, discussed.. . . . . . . . . . . . . . .29, 37 
humilis, occurrence and redescription ........... 28, 32 
jewetti, occurrence and redeRcription .. . .. . . . ... . 28, 32 
latibranchiatus, distinguished.. . . . . . . . . 33 
polydactylus.. . . . . . . . . . . . 29 

Cyclocystoides halli, occurrence.. . . . . . . . . . . . . . . . . 45 
DENDROCRINUS, restricted and defined.. . . . . . . 29 

casei, type of section .. . .... . 
latibrachiatus, distinguished .. 
proboscidiatus, occurrence.. . . 

Edrioaster bigsbyi, occurrence of ..... . 
Flexibilia, divergence from Inadunata ....... . 

relation to C11pulocrinus .. . . 
Glyptocrinus orncitus, occurrence .. ... ..... . 

ramulosus, occurrence.. . . . . . . . . 
Glyptocystis multiporus, occurrence .. . ... . .. . 
HETEROCRINUS, discussed. . . . . . . . . . . . . . . . . . 

belle'l:illensis, ref. to Ohiocri1111 s .. 
tenuis, occurrence.. . . . . . . . . 

Hrnocr.rnus, distinguished from Hybocystis.. . . . . . . 
conicus, structure of ............... . 
tnmid·us, structure of. . . . . . . . . . 

H YBOCYSTIS, structure and relation of .. 
ambulacra and orals .. . .. . 
eldonensis, structure of .. .. 
problematic11s, structure of .. 

5675-4 

28 
33 
37 
44 
35 
36 
11 
11 
45 

. . 26-28 
26 
25 
2:2 
24 
24 

..1 3-22 
16 
13 

. . . .15-19 



5C GEOLOGIC.AL SURVEY, CA N .ADA 

Omoc~IN us, discussed. . . . . . . . . . . . . . . . . . . . 
bellei·il lensis, occunence of. ...... . 

Orr AWAC1:rnus, discussed and redefined. . . . . . . . . . . . . . . . . . 
billingsi, n. sp. . . . . . . . 
typus, redescription of . . 

arms and ventral sac in.. . . . . . . . . 
Palceocrinus angulatus, occurrence of.. . . . . . . . . . . . . . . . . 
Pe,.iglyptocrinus biilingsi, occurrence of.. . . . . . . . . . . . . 

priscus, oocurrenoe of.. . . . . . . 
Pefraster rigidus, occurrence of. . . . . . . . . . . . . . 
Pleurocystis squamosus, occurrence of . ..... . 
Protaster whitea·vesianus, occurrence of ....... . 
PROTAxocnrnus, compared with Cupulocrinus,. . . . . 

lcev·is, anal tube and radianal of .. 
RETEoc1u~us, discussed., ........ .. ... . 

alveolatus . . . . . . . . . . . . . . 
strllaris, column of.. 

, ('YPnoc1nxcs, naine discussed .. ................... . 
heterocostalis, type of Cupulocri11us . . 

nPw figure of .. 
Stenaster salteri, occurrence ....... . 
1Tamiura cylindricus, occurrence ....... . 

!'AGE. 

27 
27 

..37-39 
40 
37 
~8 

41 
11 
11 
·16 
~.5 

46 
:iti 
12 
9 

10 
10 
31 

. .29-31 
:JO 
45 
~5 



PLATE I. 

51 



EXPLANATION OF THE PLATE . 

All specimens figured are from the lower part- of the Trenton Limestone; and, except 
where otherwise specified, are from Kirkfield, Ontario, and in the author's collection. 
All figures, unless differently indicated, are of natural size. 

PLA'l'E I . 

Reteocrinus alveolatus M. and G .. . . . . . . . . . . . . .. . . . . . . . . .. page 10. 
FIG. 
la. A mature, slightly flattened specimen with complete crown, and a few pentagonal stem 

ossicles; r. post. radial view, showing keel-like anal series to about the level of fourth 
bifurcation, and the irregular, sharply sculptured iBr plates. 

lb . Cross-section of stem at an interpolated columnal. 
2ci. Another specimen with nearly natural contour, from r. post. interradius; showing the 

deep pits at sides of basal and radial plates, the strong elevation and lateral 
buttresses of the brachia! series, and depressed iBr areas filled with small plates. 

2b. Cross-section of stem at a projecting columnal. 
3. Large crown with long stem attached, anterior view; showing the prominent and 

rounded radial angles of the stem. 
4,. Inf1·abasal plates of very large specimen with part of stem attached, the sides 

becoming broadly concave. 
(Following the terminology of Pentacrinine stems proposed by Dr. Bather in his 

recent beautiful Memoir on Triassic Echinoderms of Bakony, p. 24, the stem in this 
and the foregoing specimens would be more accurately called 'subconcavistellate '; 
but the work was received too late to enable me to adopt his terms in tbe text). 

5. A rather young specimen, with stem pentagonal in proximal part and becoming rounded 
below. 

Reteocrinus stellaris Billings. . .. .. . . .. .. . . . . . . . . .. .. .. . . .. page 10. 
Fm. 
tl. One of the types, original of Dec. IV, Pl. IX, fig. 4b, post. view, after removal of the 

matrix by further cleaning. It shows the stem to be perfectly round; the crook 
appearing in the original figure was due to unequal exposure in the matrix, and it 
was also much exaggerated in the drawing. Ottawa; Coll. Geological Survey, 
Canada. · 

7. Cross-section of stem of another type, Dec. IV, Pl. IX, fig. 4d; to show that the form 
of the axial canal is substantially the same in both species, the exterior form of the 
stem being due to secondary growth. 

Cupulocrinus humilis (Billings) .. . .page 28. 
FIG. 
8. Complete specimen with stern tapering to a fine point; r. ant. view. Note the bell-like 

shape of the projecting columnals. 
9. Posterior view of a specimen showing full length of the anal tube, and the fine distal 

branches of the arms. 

Cupulocrinus jewetti (Billings) .. . ... page 28. 
FIG. 
10. A mature specimen, showing the general proportions of the calyx and arms; from 

anterior radius. Coll. Geological Survey, Canada. 
11. Distal face of a IBr., the articular markings indistinct. 
12. A small specimen to show the characters of the stem; the proximal columnals alter

nating from the beginning, and not markedly enlarging. 

52 



GEOLOGICAL SURVEY, CANA DA PLATE I 

lo 

® \. \ . 
lb 

6 

~ 

® 
.. 

2a 

@ 
2b 

4 

10 

K. M. CHAPMAN DEL. 11 

KIRKFIELD ECHINODERMS SPRINGER 





PLATE IJ. 

55 



PLATE II. 

Hybocystis eldonensis Parks .... . .page U. 

F1&. 

1. A small specimen with 4 brachials to the arm, and ambulacra recurring on the cl,orsal 
side; from r. post. ray; lateral ambu lacrum not passing the radial. x 2. 

~- Small specimen with stem attached, left lateral Yiew: 4 brachials to the arm ; later I..-_,. 
ambulacra just passing the basi-radial suture. x 2. 

3. Medium specimen with 5 brachials , anterior >iew ; dorsal ambulacra passing only sh rl 
distance from top of arm. x 2. 

4. Medium specimen with 5 brachials, from left anterior ray; lateral ambulacrum pas ing 
down to basals. x 2. 

5. Small flattened specimen with 6 brachials, anterior •iew. Dorsal ambulacra a r e seen on 
the arm to the left; tha other brachials in sight are displaced, the upper four ha•ing 
the ventral side exposed; the lateral ambulacra in this specimen do not pass the 
radial. x 2. 

6. Large specimen with 6 brachials, right anterior view; recurrent dorsal ambulacru m 
passing full length of arm and down to radial, and lateral ambulacrum fully acr ss 
basals. x 2. 

7a. Large malformed specimen, from anterior radius; the arm broken off during life a nd 
replaced by calyx-ambulacrum extending down upon the stem; right lateral 
ambulacrum imperfectly developed. x 2. 

7b. Central part of tegmen of same, showing side and covering ambulacral plates, a nd 
integument of small plates between water pore and anal pyramid, which is broken 
off. x 3. 

7c. Detail of ambulacrum in same, showing the two sets of side pieces, and small arched 
covering pieces forming a median ridge. x 12. 

Sa. Posterior view Gf small specimen, showing crenulated anal plate. x 2. 
Sb. Tegmen of same, showing ambulacral plates in place-the covering pieces too small t6 

show in this drawing-the water pore, anal ·pyramid, and the shape of posterior oral 
when not covered by small plates. x 2. 

9. Tegmen of another small specimen with all structures well preserved; the integument 
of small plates surrounding the anal pyramid is well shown. x 2. 

10a. Posterior view of large specimen, showing the crenulated anal plate, and grooves radiat
ing to other plates. x 2. 

l(}b, T91!'men of same; posterior oral partly covered by integument of small plates surround
mg the anal pyramid. x 2. 

11. Tegmen of a specimen of H. problematicus from Woodford county, Kentucky, witb 
ambulaora removed, and oral plates fully exposed; showing how they meet by 
lateral extensions around a central space-both covered by rigid ambulacra when in 
place. x 2. 

12. Young specimen of H. problematicus from Mercer county, Kentucky, with latera l 
ambulacra not passing to basals. x 2. 
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PLA.TE III. 

Cupulocrinus humiiis (Billings). . . . . . . .... . ............ page 28. 
F10 . 
la. A nearly com plete ~row ii. anterior Yiew; showiHg (_l) bru<1 ll irregular plaLes in three 

interradii, and (2) 4 IBr ii:i anterior ray, .and 5 m th~ t wo lateral rays. 
1 b. Posterior view of same; showmg (1) the gap mg sutures . m the. rays; (2) the base of 

the anal tube with its border of small plates on either side; (3) mtegument of 
irregular plates in left posterior interradius; (4) 4 IBr in the posterior rays. 

le. Detai l of left posterior interradius at c, showing the character and number of small 
plates in th e axil ; they are more regular here than usual, being largely hexagonal. 
x 3. 

Jd, e. Detail of brachia! sutures, showing the articulation seen from the dorsal side1 and 
profile of the same; this is not a mere bevelling of the edge of the plates, but the 
distal faces are deeply sloped, indicating great mobility in the rays, as in many 
Flexibilia . x 3. 

? . A broken specimen, showing (1) the anal tube to nearly its full length; the distal encl 
is lost, but t he imprint of it in the matrix is seen, showing what must have been 
t he extremity, and h ow t he tube tapers to a small size instead of expanding into a 
sac; (2) th e median series of plates eYenly curved, without keel. 

3. Broken specim en with calyx and arms to the first bifurcation, anterior vi ew ; showing 
(1) the small interbrachial plates with lower one well defined and fitting closely 
into the axil; (2) the proximal part of the stem, composed of thin, non-alternatin g 
columnals, enlarging towards the calyx. x 2. 

4a. Small specimen of an allied form associated with 'Dendrocrinus' polydactylus, in the 
Hudson River Group near Cincinnati, Ohio; figured for com parison of anal strm
tures; posterior view, showing the tube curving over upon the t egman. x 2. 

4b. The rnntral side, showing the Lube merging into the tegm enal structures, which are 
indistinctly presened. x 2. 

Cupulocrinus jewetti (Billings) .. . . . ........ page 28. 
F IG. 

511 . Xearly complete crown , posterior view ; showing (1) anal tube with keeled median 
series of plates and bordering st ructures; (2) small plates in left posterior inter
radius. x 2. 

5b. Detail of left posterior interradius at b. Here the left anterior ray is pulled out of 
position, so that we see the later al face whi ch is usually concealed by contact with 
t he adjoining ray; it exposes a Yery peculia r surface marking-as of very small 
plates or the imprint of them-aborn the interbrachial plates, extending outward 
between transverse keels ou the brachials, and obliterating the sutures. x 4. 

6. Posterior Yiew of au injured specimen wi th arms ptir tly removed, showing anal tube 
complete; it bends to the r ight at the distal end, and t he exact construction there 
cannot be ascertained, but there is ome indication of an opening. 

'ia . .! very mature, flattened specimen with calyx and lower part of rays-anterior view- to 
~how t he deeply indented and waving sutures ; plates almost smooth, without con
necting ridges or furrows; small plates in iBr areas. 

'ib. Posterior view of same, showing base of anal tube. 
7c. Detail of IIBr at c in the right posterior ray, sh owing the strong sinuosi ty of the 

sutures. x 3. 

FIG. 
Oupulocrinus jewetti, Yar. kentuckiensis. . . . . . . . . . . . . . . . . . . . . . page 32. 

8. Specimen with smooth plates, posterior view, with part of arms removed; showing anal 
tube about complete. Woodfor d county, Kentucky. 

9. Similar specimen from same locality with arms nearly complete, from left anterior 
interradius; showing (l) a large, well deYeloped interbrachia l plate in only one in
terradius~a sporadic . occurrence, not foun~ in other specim ens; (2) proximal part 
of stem with alternating columnars, very different from that of Figure 3. 

F10. 
Protaxoci-inus lwvis (Billings) . . . . . . . . . . . . . . . . . . . . . . . . . . . .page 11. 

10. A corn plete crown, poste1 ior view; showing the anal t uhe. and radianal in primitive 
position un der right posterior radial; for comparison with structures in preceding 
figures. x 2. 

ll a. Smaller specimen from Ottawa, anterior Yiew; showing interbrachial plates. Coll. 
Geological Surrny, Canada. x 2. 

ll b. Posterior vie"· of same, showing anal tube. x 2. 
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l'LATB IV. 

Ottawacrinus billingsi n. sp .. . . ... . . ..... page 40. 

Fm. 
la. A mature specimen seen from the anterior side, n atural si ze; showing (1) the rugose 

ventral sac preserved to about its full length, with sharply raised stellate sculptur
ing on the plates ; (2) the arms, in two main divisions to the ray, with ramules from 
a lternate sides of the dichotom bearing secondary r amules from one side only. The 
imprints of the unilateral secondary ramules, as well as the ramules themselves, are 
seen at several places. 

lb. Cross-section of stem of same, showing its division into 5 longitudinal segments. 

2n. Enlarged view of another specim en, from left posterior radius; showing the anal side, 
and the sac, with details of its highly sculptured plates, and of the arms. Note the 
strong interbrachial plates at the left posterior interradius. x 2. 

2b. Opposite \0 iew of calyx of same specimen, natural size; to show the iBr plates. 

3. Another specimen from the anal interradius, showing the mode of succession of anal 
plates following posterior basal into the sac. 

4a . Cross-section of large stem found associated with the foregoing, probably of this species, 
natural size. 

4b. Side view of small por tion of same, showing the extreme thinness of the columnals, and 
the Hues of the longitudinal segments, with interarticular pores. 

~ c. The pores at a place where two segments have slightly slipped upon one another, out of 
the same level. x 4. 

Ottawacrinus typns W. R. Billings .. . ......... page 97. 
FtG. 

5. Specimen showing the heterotomous branching of the arms, from antero lateral inter
radius ; the line of longitudinal division of the stem is also seen. 

6. A complete crown, with ventral sac of smooth plates rising to the full height of the 
arms; posterior view. x 2. 

7. Another specimen from posterior side, showing arm-branching and part of ventral sac. 
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FIG. 
1. 

PLAT·E V. 
Hybocrinus tumidus Billings .. ........... .. . 

Specimen from Woodford county, Kentucky, posterior view; 
and crenulated anal plate, and lower part of arms with 
to •entral side. 

. . ......•• .... page 24. 
showing the highly arched 
transverse grooves leadinc. 

2. \ entral side of another specimen, showing the extreme arching of the anal plate, and 
traces of am bulacra; same locality. 

3. Another specimen from same locality with anal pyramid well preserved; drawn with 
posterior side up, for better view of the structures; water pore indistinctly shown. 

4. 

5. 

FIG. 
6a . 

6b. 

Small specimen from Mercer county, Kentucky, with . tegmen preserved; anal pyramid 
distinct, but ambulacral plates wanting. 

One of the types, original of Dec. IV, Pl. II, fig. le, posterior side, after additional 
cleaning; showing crenulated anal plate. Ottawa. Geological Survey, Canada. 

Hybocrimis conicus Billings . . . . ........... . .. ..... ....... page 24. 
Posterior Yiew of large specimen from Ottawa, showing anal plate with smooth distal 

margin, followed directly by plates leading to anal opening. 
Tegmen of same, showing extreme marginal position of anal opening, directly through 

a cluster of small plates without any defined pyramid; also the ambulacral struc
tures. Note the large sub-ambulacral plates. 

F rn. Cleiocrinus regius Billings ............ . ..... ... ........... page 4-4 . 
i. Small specimen from Kirkfield, basal vie:w; showing external form of the 5 large in

frabasals lying within the ring of alternating basal !l-nd. radial plates. To be 
compared with figures on Plate I of the paper on Cleiocrinus, Mem. Mus. Comp. 
Zool., XXV, No. 2. 

8. Fragment of another SJ,Jecimen from IA.x upward, showing rhombic areas with slits 
traversing the sutures. x 3/2. 

9a. Exterior of an axillary plate, probably IIIBr, from another weathered fragment in 
which the usual median ridge is worn off; showing the rhombic areas with slitE 
leading to a line of pores on each suture. x 3. 

9b. Inner surface of same plate and the b,-o next below it, showing the large pores openin" 
to the interior at the corners of the plates, and the broad ventral grooves. x 2. 

Cleiocrinus sculptus n. sp ................................ page 44. 
F1a. Mercer county, Kentucky. 
lOa. Lower part of calyx to IIBr2, with stem detached, and free from matrix inside and 

out, posterior Yiew; ~t has elaborate sculpturing, with rhombic areas of bars and 
groons crossing the suture lines, and plates strongly elevated in the middle; thl' 
lower visible range of plates are the alternating basals and radials, the posterior 
basal being much higher than the others. x 2. 

l Ob. Basal >iew of same, showing the 5 large infrabasals 'telescoped' into the ring of bas ls 
and radials, and the shallow channels at the inner edges of the plates. x 2. 

lOc. Interior of same, showing large pores opening inward at the corners of the plates, an<l 
the lip-like projections from the channels on infrabasals leading towards the interior: 
also the strong curvature of the inner surface of the plates generally. x 2. 

lOcl. Detail of r. post. IIBr and a.<ljoining anal plate, showing the rods, ridges, and groO'H'S 
radiating from the median, keel-like elevation, and the rhombs crossing the suture 
lines. The sculpturing may be accentuated from replacement of cavities by infiltra· 
tion of siliceous matter, and <lis olving of the outer stereom, the usual i:tranular 
surface being destroyed; the pores on the suture lines are obscure at the exterior. x 4. 

10e. Distal face of the same plates, showing course of the tunnels running from the pore' 
on the suture lines right and left, conYerging to form the large openings to the 
interior; also the inner curvature of the plates, and relative thinness of the actual 
sutural face; the ana l plate has :i peculiar central pit not seen on the others. x 4. 

lOf. Vertical section at middle of brachials, showing their median elevation. x 3. 
Cleioc1·inus la;vis n. sp ......... . .............. .. .. . ...... page H. 

F m. Shelby,-ille, Tenr1essee. 
lla. Dorsal side of a IIBr and connecting plates of the type specimen, which has the cah·x 

preserved to about the second bifurcation; the original surface is in perfect con
dition, showing the meshes and folds of stereom: the plates are without sculpturinJ? . 
flush with each other, having but a faint, broad median ridge, and no slits or pore
rhombs visible; but with pores along the suture line of each face. x 6. 

llb. Distal face of same plates, showing the course of tunnels at either side discharging into 
large, funnel-shaped openings 1·o the interior at the corners of the plates; the struc
ture of these is shown in greater <letail in the next figure. x 6. 

llc. The hrn funnel-shaped pores, p and p'. of the last figure; p is entirely within plat~ 
'Er' and the apposed one above it, while p1 is confined to plate 'Br1' and it.E 
successor . x S. 
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m.=l in. 

Glacial Lake Agassiz, by W. Upham. 1889. Maps Nos. 314, 315, 316. 
Northwestern portion, by J . B. Tyrrell. 1890-1. Maps Nos. 339 and 350, 

scale 8 m. = l in. 
Lake Winnipeg (west shore), by D. B. Dowling. 1898. l 

Map No. 664, scale 8 m. =1 in. B d t th 
Lake Winnipeg (east shore), by J. B. Tyrrell. 1898. J oun oge er. 

Map No. 664, scale
0

8 m-1 in. 
Coal-fields of Manitoba, Saskatchewan, Alberta, and Eastern British Columbia, 

by D. B. Dowling. Map No. 1010, scale 35 m = l in. 

NORTH WEST TERRITORIES. 

217 . Hudson bay and strait, by R. Bell. 1885. Map No. 229, scale 4 m. -1 in. 
238. Hudson bay, south of, by A. P. Low. 1886. 
239. Attawapiskat and Albany rivers, by R. Bell. 1886. 
244. Northern portion of the Dominion, by G. M. Dawson. 1886. Map No. 255, 

scale 200 m. =l in. 
267. James bay and country east of Hudson bay, by A. P. Low. 
578. Red lake and part of Berens river, by D. B. Dowling. 1894. Map No. 576, 

scale 8 m . = 1 in. 
*584. Labrador peninsula, by A. P. Low. 1895. Maps Nos. 585-588, scale 25m.-1 in. 

618. Dubawnt, Kazan, and Ferguson rivers, by J . B. Tyrrell. 1896. Map No. 603, 
scale 25 m. = 1 in. 

657. Northern portion of the Labrador peninsula, by A. P. Low. 
680. South Shore Hudson strait and Ungava bay, by A. P. Low. l 

Map No. 699, scale 25 m.-1 in. Round to ether 
713. North Shore Hudson strait and Ungava bay, by R. Bell. f g · 

Map No. 699, scale 25 m.=1 in. 
725. Great Bear lake to Great Slave lake, by J. M. Bell. 1900. 
778. East Coast Hudson bay, by A. P. Low. 1900. Maps Nos. 779, 780, 781, scale 

8 m.-1 in. 
786-787. Grass River region, by J. B. Tyrrell and D . B . Dowling. 1900. 
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815. Ekwan river and Sutton lakes, by D. B. Dowling. 190 1. l\Iap No. 751, •cale 
50 m.=l in. 

819 . Nastapoka islands, Hudson bay, by A. P. Low. 1900. 
905. The Cruise of the Neptune, by A. P. Low. 1905. 

1069. French translation report on an exploration of the East coast of Hudson bay, 
from Cape Wolstenholme to the south end of James bay, by A. P. Low. 
Maps Nos. 779, 780, 781, scale 8 m.=l in.; No. 785, scale 50 m.=l in. 

1097. Reconnaissance across the Mackenzie mountains on the Pelly, Ross, and Gravel 
rivers, Yukon, and North West Territories, by Joseph Keele. Map ~o. 
1099, scale 8 m.-1 in. 

ONTARIO. 

215. Lake of the Woods region, by A. C. Lawson. 1885. )fap No. 227, scale 2 m. -
1 in. 

"'265. Rainy Lake region, by A. C. Lawson. 1887. Map Xo. 283, scale 4 m. - 1 in. 
266. Lake Superior, mines and mining, by E. D. Ingall. 1888. Maps No. 285, 

scale 4 m. = 1 in.; No. 286, scale 20 eh. -1 in. 
326. Sudbur;: mining district, by R. 1:3ell. 1890-1. Map ~o . 343, scale 4 m. -1 !n. 
327. Hunter island, by W. H. C. Smith. 1890-1. Map No. 342, scale 4 m.-1 m. 
332. Natural Gas and Petroleum, by H.P. H. Brumell. 1890-1. Maps Nos. 344-349. 
357. Victori~ Peterborough, and Hastings counties, by F. D. Adams. 1892-3. 
627. On the .l'rench River sheet, by R. Bell. 1896. Map No. 570, scale 4 m. -1 in 
678. Seine river and Lake Shebandowan map-sheets, by W. Mclnnes. 1897. Map• 

Nos. 589 and 560, scale 4 m. -1 in. 
723. Iron deposits along the Kingston and Pembroke railway, by E. D. Ingall. 

1900. Map No. 626, scale 2 m. = 1 in.; and plans of 13 mines. 
739. Carleton, Russell, and Prescott counties, by R. W. Ells. 1899. (See No. 739, 

Quebec.) 
741. Ottawa and vicinity- by R. W. Ells. 1900. 
790. Perth sheet, by R. W. Ells. 1900. Map No. 789, scale 4 m. =l in. 
961. Sudbury Nickel and Copper deposits, by A. E. Barlow (Reprint) . Maps Nos. 

775, 820, scale 1 m.-1 in.; Nos. 824, 825, 864, scale 400 ft.=1 in. 
962. Nipissing and Timiskaming map-sheets, by A. E. Barlow. (Reprint) . Map• 

Nos. 599, 606, scale 4 m.-1 in.; No. 944, scale 1 m.- 1 in. 
965. Sudbury Nickel and Copper deposits, by A. E. Barlow. (French). 
970. Report on Niagara Falls, by J. W. Spencer. Maps Nos. 926, 967. 
'J77 . Report on Pembroke sheet, by R. W. Ells. Map No. 660, scale 4 m.=l in. 
1180. Geological reconnaissance of a portion of Algoma and 'l 

Thunder Bay district, Ont., by W. J. Wilson. Map 
No. 964, scale 8 m. = 1 in. 

1081. On tbe region lying north of Lake Superior, between the J Bound together. 
Pie and Nipigon rivers, Ont., by'"· H. Collins. Map 
No. 964, scale 8 m.-1 in. 

992. Report on Northwestern Ontario, traversed by National Transcontinental 
railway, between Lake Nipigon and Sturgeon lake, by W. H. Collins. Map 
No. 993, scale 4 m. = 1 in. 

998. Report on Pembroke sheet, by R. W. Ells. (French). Map No. 660, scale 
4 m.=l in. 

999. French translation Gowganda Mining Division, by W. H. Collins. Map No. 
1076, scale 1 m. = 1 in. 

1038. French translation report on the Transcontinental Railway location between 
Lake Nipigon and Sturgeon lake, by W. H. Collins. Map No. 993, scale 
4 m.=l in. 

1059. Geological reconnaissance of the region traversed by the National Trans
continental railway between Lake Nipij!:on and Clay lake, Ont., by W. H. 
Collins. Map No. 993, scale 4 m. = 1 1n. 

1075. GowgandaMining Division, byW. H. Collins. Map No. 1,076, scale 1 m. =1 in. 
1082. Memoir No. 6.-Geology of the Haliburton and Bancroft areas, Out., by Frank 

D. Adams and Alfred E. Barlow. Maps No. 708, scale 4 m. = 1 in.; No. 
770, scale 2 m. = 1 in. 

1114. French translation Geological reconnaissance of a portion 
of Algoma and Thunder Bay district, Out., by W. J. 
Wilson. Map No. 964, scale 8 m. = 1 in. 

1119. French translation on the region !yin!) north of Lake Bound together. 
Superior, between the Pie and Nip1gon rivers, Out. , 
by W. H. Collins. Map No. 964, seale 8 m. 
-1 in. 
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QUEBEC. 

Mistassini expedition, by A. P. Low. 1884-5. Map No. 228, scale 8 m. -1 in. 
Compton, Stanstead, Beauce, Richmond, and Wolfe counties, by R. V.1 • Ells. 

1886. Map No. 251 (Sherbrooke sheet), scale 4 m.=1 in. 
Megantic, Beauce, Dorchester, Levis, Bellechasse, and Montrnagny counties, 

by R. W. Ells. 1887-8. }lap ~o. 287, scale 40 ch.- 1 in. 
Mineral resources, by R. W. Elk 1889. 
Portneuf, Quebec, and Montmagny countie~.by A. P. Low. 1890-1. 
Eastern Townships, Montreal sheet, by R. \'V. Ells and F. D. Adams. 1894. 

MaJ? No. 571, scale 4 m. = 1 in. 
Laurent1an area north of the Island of Montreal, by F. D. Adams. 1895. Map 

No. 590, scale 4 m. = 1 in. 
Auriferous deposits, southcastern portion, by R. Chalmers. 1895. Map No. 

567, scale 8 m. = 1 in. 
Eastern Townships, Three Rivers sheet, by R. W. Ells. 1898. 
Argenteuil, Ottawa, and Pontiac counties, by R. W. Ells. 1899. (See No. 739, 

Ontario). 
Nottaway basin, by R. Bell. 1900. *~fap No. 702, scale 10 m. =1 in. 
Wells on Island of Montreal, by F. D. Adams. 1901. Maps Nos. 874, 875, 876. 
Chibougamau region, by A. P. I.ow. 1905. 
Timis~aming m!p-~be~tt_by A. E: Barlow. _(R~print). Maps Nos. 599, 606, 

scale 4 m. 1 m., .No. 944, ocale 1 m. - 1 m. 
Report on Copper-bearing rocks of Eastern Townships, by .J. A. Dresser. Map 

No. 976, scale 8 m. = 1 in. 
Report on Copper-bearing rocks of Eastern Township~. by J. A. Dresser. 

(French). , 
Report on the Pembroke sheet, by R. W. Ells. (French). 
Report on a Recent Discovery of Gold near Lake Megantic, Que., by J. A. 

Dresser. Map ::><o. 1029, scale 2 m. =1 in. 
Report on a Recent Discovery of Gold near Lake Megantic, Que., by J. A. 

Dresser. (French). Map No. 1029, scale 2 m.=l in. 
French translation report on Artesian wells in the Island of Montreal, by Frank 

D. Adams and 0. E. LeRoy. Maps Nos. 874, scale, 4 m.-1 in.; No. 
&75, scale 3,000 ft.= 1 in.; No. 876. 

Reprint of Summary Report on the Serpentine Belt of Southern Quebec, by 
J. A. Dresser. 

NEW BRUNSWICK. 

Western New Brunswick and Eastern Nova Scotia, by R. W. Ells. 1885. Map 
No. 230, scale 4 m.=1 in. 

Carleton and Victoria counties, by L. W. Bailey. 1885. Map No. 231, scale 
4 m.=l in. 

Victoria, Restigouche, and Northumberland counties, N.B., by L. W. Bailey 
and W. Mcinnes. 1886. Map No. 254, scale 4 m.-1 in. 

Northern portion and adjacent areas, by L. W. Bailey and W. Mclnnes. 
1887-8. Map No. 2901 scale 4 m. -1 in. 

Temiscouata and Rimousk1 counties, by L. W. Bailey and W. Mcinnes. 1890-1. 
Map No. 350, scale 4 m. = 1 in. 

Mineral resources, by L. W. Bai~. 1897. Map•No. 675, sea.le 10 m. -1 in. 
New Brunswick geology, by R. W. E lls. 1887. 
Carboniferous system, by L. W. Bailey. 1900. J 
Coal prospects m, by H. S. Poole. 1900. l Bound together. 
Mineral resources, by R. W. Ells. Map No. 969, scale 16 m. =l in. 
Mineral resources, by R. W. Ells. (French). Map No. 969, scale 16 m. - 1 in. 

NOVA SCOTIA. 

243. Guysborough, Antigonish, Pictou, Colchester, and Halifax counties, by Hugh 
Fletcher and E. R. Faribault. 1886. 

331. Picton and Colchester counties, by H. Fletcher. 1890-1. 
358. Southwestern Nova Scotia (preliminary), by L. W. Bailey. 1892-3. Map No. 

362, scale 8 m. =1 in. 
628. Southwestern Nova Scotia, by L. \V, Bailey. 1896. Map No. 641, scale 8 

m.=l in. 
685. Sydney coal-field, by H. Fletcher. Maps Nos. 652, 653, 654, scale 1 m.-1 in. 
797. Cambrian rocks of Cape Breton, by G. F. Matthew. 1900. 
871. Pictou coal-field, by H. S. Poole. 1902. Map No. 833, scale 25 eh. -1 in. 
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MAPS, 

1042. Dominion of Canada. Minerals. Scale 100 m. -1 in. 

805. 
891. 
894. 

•916. 
990. 
991. 

1011. 
1033. 
1041. 
1026, 

YUKON. 

Explorations on Macmillan, Upper Pelly, and Stewart rivers, scale 8 m. =1 in. 
Portion of Duncan Creek Minmg district, scale 6 m. = 1 in. 
Sketch Map Kluane Mining district, scale 6 m. = l in. 
Windy Arm Mining district, Sketch Geological Map, scale 2 m. -1 in. 
Conrad and Whitehorse Mining districts, scale 2 m. = 1 in. 
Tantalus and Five Fingers coal mines, scale 1 m. =1 in. 
Bonanza and Hunker creeks. Auriferous gravels. Scale 40 chains=l io. 
Lower Lake Laberge and vicinity, scale 1 m. = 1 in. 
Whitehorse Qopper belt, scale l m. = l in. 
1044-1049. W11itehorse Copper belt. Details. 

BRITISH COLUMBIA. 

278. Cariboo Mining district, scale 2 m. = 1 in. 
604. Shuswap Geolo~ical sheet, scale 4 m. = 1 in. 

*771. Preliminary Edition, East Kootenay, scale 4 m. = 1 in. 
767. Geological Map of Crowsnest coal-fields, scale 2 m. = 1 in. 
791. V'l est Kootenay Minerals and Strire, scale 4 m. = 1 in. 

*792. 'Vest E:ootenay Geological sheet, scale 4 m.=l in. 
*828 . Boundary Creek Mining district, scale 1 m. = 1 in. 
890. Nicola coal basin, scale 1 m. = 1 in. 
941. Preliminary Geological Map of Rossland and vicinity, scale 1,600 ft. -1 in. 
987. Princeton coal basin and Copper Mountain Mining camp, scale 40 eh.= 1 in. 
989. Telkwa river and vicinity, scale 2 m. =1 in. · 
997. Nan aim o and New Westminster Mining division, scale 4 m. -1 in. 

1001. Special Map of Rossland. Topographical sheet. Scale 400 ft.= 1 in. 
1002. Special Map of Rossland. Geological sheet. Scale 400 ft.= 1 in. 
1003. Rossland Mining camp. Topographical sheet. Scale 1,200 ft. =1 in. 
1004. Rossland Mining camp. Geological sheet. Scale 1

1
200 ft.= 1 in. 

1068. Sheep Creek Mining camp. Geological sheet. Sea e 1 m. -1 in. 
1074. Sheep Creek Mining camp. Topographical sheet. Scale 1 m. - 1 in. 
1095. lA.-Hedley Mining district. Topographical sheet. Scale 1,000 ft. -1 in. 
1096. 2A.-Hedley Mining district. Geological sheet. Scale 1,000 ft. =1 in. 
1105. 4A.-Golden Zone Mining camp. Scale 600 ft. =1 in. 
1106. 3A.-Mineral Claims on Henry creek. Scale 800 ft. =1 in. 
1125. Hedley Mining district: Structure Sections. Scale 1,000 ft. =1 in. 

ALBERTA. 

594-596. Peace and Athabaska rivers, scale 10m.=1 in. 
*808. Blairmore-Fran.k coal-fields, scale 180 eh.= 1 in. 
892. Costigan coal basin, scale 40 ch=l in. 
929-936. Cascade coal basin. Scale 1 m. = 1 in. 
963-966. Moose Mountain region. Coal Areas. Scale 2 m. = 1 in. 

1010. Alberta, Saskatchewan, and Manitoba. Coal Areas. Scale 35 m. -1 in. 
1117. 5A.-Edmonton. (Topography). Scale t m. =1 in. 
1118. 6A.-Edmonton. (Clover Bar Coal Seam). Scale ! m. -1 in. 
1132. 7 A.-Bighorn Coal-field. Scale 2 m. = 1 in. 

SASKATCHEWAN. 

1010. Alberta, Saskatchewan, and Manitoba. Coal Areas. Scale 35 m.-1 in. 

MANITOBA. 

804. Part of Turtle mountain showing coal areas , scale 1! m. =1 in. 
1010 . Alberta, Saskatchewan, and Manitoba. Coal AreM. Scale 35 m. =l in. 
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ONTARIO. 

227. Lake of the W ood.s sheet, scale 2 m. -1 in· 
f283. Rainy Lake sheet, scale 4 m. -1 in. 
t342. Hunter Island sheet, scale 4 m. -1 in. 
343. Sudbury sheet scale 4 m. = 1 in. 
373. Rainy River sheet, scale 2 m.-1 in. 
560. Seine River sheet, scale 4 m.-1 in. 
570. French River sheet, scale 4 m. -1 in. 

•589. Lake Shebandowan sheet, scale 4 m.-1 in. 
599. Timiskaming sheet, scale 4 m.=1 in. {New Edition 1907) . 
605. Manitoulin Island sheet, scale 4 m. = 1 m. 
606. Nipissing sheet, scale 4 m.=1 in. (New Edition 1907). 
660. Pembroke sheet, scale 4 m. = 1 in. 
663. Ignace sheet scale 4 m. = 1 in. 
708. Haliburton sheet, scale 4 m. =1 in. 
720. Manitou Lake sheet, scale 4 m . =1 in. 

•750. Grenville sheet, scale 4 m. = 1 in. 
770. Bancroft sheet, scale 2 m. = 1 in. 
775. Sudbury district, Victoria mines, scale 1 m. -1 in. 

*789. Perth sheet, scale 4 m. = 1 in. 
820. Sudbury district, Sudbury, scale 1 m. =1 in. 
824-825. Sudbury district, Copper Cliff mines, scale 400 ft.= 1 in. 
852. Northeast Arm of Vermilion Iron ranges, Timagami, scale 40 eh. -1 In. 
864. Sudbury district, Elsie and Murray mines, scale 400 ft.= 1 in. 
903. Ottawa and Cornwall sheet, scale 4 m. -1 in. 
944. Preliminary Map of Timagami and Rabbit lakes, scale 1 m. -1 In. 
964. Geological Map of parts of Algoma and Thunder bay, scale 8 m.-1 In. 

1023. Corundum Bearing Rocks. Central Ontario. Scale 17t m. -1 in. 
1076. Gowganda Mining Division, scale 1 m. -1 in. 

*251. 
287. 
375. 

•571, 
•665. 

667. 
•668. 

918. 
976. 

1007. 
1029. 

QUEBEC. 
Sherbrooke sheet, Eastern Townships Map, scale 4 m. -1 in. 
Thetford and Coleraine Asbestos district, scale 40 eh. -1 In. 
Quebec sheet, Eastern Townships Map, scale 4 m.=1 in. 
Montreal sheetJ Eastern Townships shee_);z scale 4 m. -1 in. 
Three Rivers sheet, Eastern Townships M.ap, scale 4 m.=1 In. 
Gold Areas in southeastern part, scale 8 m. -1 in. 
Graphite district in Labelle county, scale 40 eh. -1 ln. 
Chibougamau region, scale 4 m. -1 in. · 
The Older Copper-bearing Rocks of the Eastern Townships, scale 8 m. -1 In. 
Lake Timiskaming re~ion, scale 2 m. -1 in. 
Lake Megantic and Vlcinity, scale 2 m. -1 in. 

NEW BRUNSWICK. 
*675. Map of Principal Mineral Occurrences. Scale 10 m. -1 in. 
969. Map of Principal Mineral Localities. Scale 16 m. -1 in. 

*812. 
833. 
897. 

NOV A SCOTIA. 
Preliminary Map of Springhill coal-field, scale 50 eh. -1 in. 
Pictou coal-field, scale 25 eh. -1 in. 
Preliminary Geological Plan of Nictaux and Torbrook Iron district, scale 25 cii. 

=1 in. 
927. General Map of Province showing gold districts, scale 12 m. -1 In. 
937. Leipsigate Gold district, scale 500 ft . -1 in. 
945. Harrigan Gold dis trict, scale 400 ft. =1 in. 
995. Malaga Gold district, scale 250 ft. -1 in. 

1012. Brookfield Gold district, scale 250 ft.= 1 in. 
1019. Halifax Geological sheet. No. 68. Scale 1 m.-1 in. 
1025. Waverley Geological sheet. No. 67. Scale 1 m. = 1 in. 
1036. St. Margaret Bay Geological sheet. No. 71. Scale 1 m.-1 In. 
1037. Windsor Geological sheet. No. 73. Scale 1 m. -1 in. 
1043. Aspotogan Geological sheet. No. 70. Scale 1 m. -1 in. 

NoTE.-lndividual Maps or Reports will be furnished free to bona fide Canadian 
applicants. 

Reports and Maps may be ordered by the numbers prefixed to titles. 
Applications should be addressed to The Director, Geological Survey, Depart.· 

ment of Mines. Ottawa. 
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