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A.RT. XXXVI.-On the History of Eozoon Oanaliense. 

WITH A PLATE. 

IN volume xxxvii of this Journal, at p. 272, will be found a 
note to one of the Editors from Sir W. E. Logan, dated Feb. 17, 
1864:, announcing the discovery in the Laurentian limestones of 
Canada of orga·nic remains, which, after n careful microscopic ex· 
amination had been pronounced by Dr. Dawson, to belong to a 
gigantic Rhizopod. On page 431 of the same volume is a further 
note by Dr. T. Sterry Hunt, dated April 2, 1864, in which he 
states that in these organic remains the calcareous skeleton reo 
mains unchanged, while the sarcode is replaced by certain sili­
cates, pyroxene, serpentine, and a mineral allied to chlorite in 
composition; the minute tubuli of the fossil being injected by 
these silicates in a manner analogolls to that presented by the 
tertiary and modern Rhizopod:;, which are filled with glauconite. 

These were the first announcements of this remarkable discov­
ery, which has since been zealously followed up. Specimens 
of this fossil, which Dr. Dawson has named Eozoon Oanadense, 
have been submitted to Dr. W. B. Carpenter of London, who is 
well known to be the great authority on Rhizopoda, and the re­
sult of his examinations has been to confirm completely the de­
terminations of Dr. Dawson, and to adu to the description by 
the latter some further structural details, which the more perfect 
specimens examined by Dr. Carpenter enabled him to detect. 

The results of the various investigations of the Eozoon are 
found in four papers published in the Journal of the Geological 
Society of London, for February, 1865. The first of these by 
Sir W. E. Logan describes the general geological relations of the 
Laurentian rocks, and is accompanied by two sections which we 
reproduee below. 

He also relates the history of the first discovery of the fossil, 
specimens of which were exhibited by him to the American 
Association, at Springfield in August, 1859-and were then re-
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garded by him and by Prof. James Han as organic, although the 
microscope had as yet failed to detect the beautiful structure 
since found in such perfection in the specimens from other 
localities. 

Sir William Logan moreover recalls the fact that Dr. Hunt bad 
already from tbe presence of iron-ore beds, graphite, and metallic 
sulphurets, argued for the existence of life during the formation 
of the Laurentian rocks. See on this point a paper read in Jan. 
1859 before the Geol. Society of London, and published in the 
Journal of that society, of whicb a review will be found in this 
Journal, [2], xxx, 134. This view is further developed in Dr. 
Hunt's paper on American Geology in tbis Journal, [2], xxxi, 
896, where he concludes on chemical grounds to "the existence 
of an abundant vegetation during the Laurentian period." 

The second paper is by Dr. Dawson, and gives his zoological 
description of Eozoon and its affnities, with a lithographed plate. 
'1'he third is an extended note by Dr. Carpenter, in which he 
fully confirms the sagacious determination of Dr. Dawson as to 
the rhizopod characters and foraminiferal affinities of Eozoon, 
and is illustrated with a wood-cut and ten lithographed plates. 
In the fourth place we have a paper on the mineralogy of Eo­
zoon by Dr. '1'. Sterry Hunt. 

~'bese four papers are reprinted in the Canadian Naturalist for 
April, 1865, with a single lithographed plate containing selec­
tions from tbethree just mentioned, and with the addition of a 
nature-printed section of Eozoon, both of which we place before 
our readers, together with extracts of the papers. 

The EozoOn bas also been carefully studied by Prof. T. Rupert 
Jones, who in the Popular Science Review for April, 1865, has 
given an excellent paper on the geological anu zoological relations 
of the new fossil, together with a colored plate. In addition to 
this the Intellectual Observer for May, 1865. contains an essay 
of twenty-four pages on the same subject by Dr. Carpenter, with 
two excellent plates. As a further contribution to the literature 
of Eozoon we may mention that the pages of the London Reader 
for June, contai n a correspondence between Dr. Carpenter and 
Messrs. King & Rowney, of Galway, who venture to question 
the opinion of Messrs. Dawson, Carpenter and Rupert Jones as 
to the organic nature of EozoOn. This correspondence is chiefly 
interesting as giving from Dr. Carpenter the authorized an­
nouncement by Milne-Edwards, that he, after a careful study, 
fully concurs in the views of the latter named observers as to 
tbe structure and affinities of Eozoon. 

We now proceed to notice Sir William Logan's description of 
the Laurentian. rocks, the general facts in whose history are 
briefly given in a paper by Dr. T. Sterry Hunt in this Journal, 
[2], xxxvi, 222. 
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"The oldest known rocks of North America are those which 
compose the Laurentide Mountains in Canada and the Adiron­
dacks in the state of New York. By the investigations of the 
Geological Survey of Canada, they have been shown to be a 
great series of strata, which, though profoundly altered, consist 
chiefly of quartzose, aluminous, and calcareous rocks, like the 
sedimentary deposits of less ancient times. This great mass of 
crystalline rocks is divided into two groups, and it appears that 
the Upper Laurentian or Labrador series rests unconformably 
upon the Lower Laurentian series. The united thickness of 
the two groups in Canada cannot be less than 30,000 feet, and 
probably much exceeds it. The Laurentian of the west of Scot­
land, also according to Sir Roderick Murchison, attains a great 
thickness." In that region the Labrador series had not until re­
cently been certainly recognized, although from the descriptions 
of Mcculloch, and from an examination of the specimens col­
lected by him, and now in the Museum of the Geological Society 
in London; Dr. Hunt in 1863, had expressed the opinion that 
the rocks of SI{ye belong to this series. (See as above, page 
226.) Prof. Haughton of Dublin has since visited the islands of 
Iona and Skye, and confirmed the observations of Dr. Hunt. 
(Geol. Magazine, Feb. 1865, page 73.) 

The labradorite and hypersthene rocks from that island are 
identical with those of the Labrador series in Canada and.New 
York, and unlike those of any formation at any other known 
horizon. This resemblance did not escape the notice of Em­
mons, who, in his description of the Adirondack Mountains, re­
ferred these rocks to the hypersthene-rock of McCulloch, al­
though these observers, on the opposite sides of the Atlantic, 
looked upon them as unstratified. 

Sir William then proceeds to notice the ancient gneiss which in 
Bavaria and Bohemia underlies the primordial zone, with a great 
intervening mass of clay slates. This old gneiss, which is esti­
mated by Gumbel and Crejci to have a thickness of 90,000 feet, 
may, as Sir William suggests, include both the Upper and Low­
er Laurentian, and perhaps the Huronian, which is believed to 
be more recent than the Labrador series, although the two groups 
have never yet been found in contact. He then proceeds to re­
mark: 

" '1'he united thickness of these three great series may possi­
bly far surpass that of all the succeeding rocks from the base of 
the Palreozoic series to the present time. vVe are thus carried 
back to a period 80 far remote, that the appearance of the so­
called Primordial fauna may by some be considered a compara­
tively modern event. We however find that even during the 
Laurentian period, the same chemical and mechanical processes 
which have ever since been at work disintegrating and recon-
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structing the earth's crust were in operation 
as now. In the conglomerates of the Hu­
ronian series there are enclosed boulders 
derived from the Laurentian, which seem 
to show that the parent rock was altered to 
its present crystalline condition before the ~?' f' 
deposit of the newer formation; while in· ~.;:!;' ~ 
terstrntified with the Laurentian limestones 1.51: ~ 
there are beds of conglomerate, the pebbles 
of which are themselves rolled fragments 
of an older laminated sand. rock, and the 
formation of these beds leads us still further 

., ., ., 

into the past." ~ 

.. "In both the Upper and Lower Lauren· ~ 
tian series there are several zones of lime· g 
stone, each of sufficient volume to consti tute !> 

an iudependent formation. Of these cal· 
careous masses it has been ascertained that 
three, at least, belong to the Lower Lauren. 
tian. But as we do not as yet know with §>.. ~? Ii 

certainty either the base or the summit of 
this series, these three may be conformably 
followed by many more. Although the 
Lower and Upper Laurentian rocks spread 
over more than 200,000 square miles in 
Canada, only about 1500 square miles have 
yet been fully and connectedly examined in 
anyone district; and it is still impossible to 
say whether the numerous exposures of Lau· 
rentian limestone met with in other parts of 
the province are equivalent to any of the 
three zones, or whether they overlie or 
underlie them all." ~ !'l ?!-

In this connection are given the two fol- 0",00 

lowing sections, which serve to show the j;! ~ ill 
Cl"d 0 

structure of the Lower Laurentian rocks, ::;:::r' is.. 
and their relation to the overlying Labrador -~~ ~ ~ 
and Lower Sil uri an series. :.0 Cl ., 

The Eozoon Canadense occurs at Gren· is'::;- ~ 
ville, and in the Petite Nation seigniory at . ~.~ 
the two points indicated in the first section, !" ~ "'" . 

and in both places in the third or upper- ~ ~ 
roost band of the Lower Laurentian lime- It 
stone. The same fossil has also been ob· '" 
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~ C?: 
tained to the south of the Ottawa, in Bur· t9 
gess, and farther west at the Grand Calumet . 
on the Ottawa, in both instances in a limestone band whose pre· 
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cise place in the series has not been determined, llor is it known 
whether the fossil extends to the two lower conformable lime­
stone bands, or to the calcareous zones in the uncon formable 
Upper Laurentian series. 

"'rhe Gren ville zone of limestone is in some places about 
1500 feet. thick, and it appears to be divided for considerable dis­
tances into two or three parts by very thick bands of gneiss. 
Ooe of these bands occu-.. . 
pies a position toward the Fig. 2.-Ser.tz~n aC1·o88. Tremblmg 
lower part of the limestone, Mountam (21 mIles). 
and may have a volume of as 

M 
between 100 and 200 feet. g 
It is at the base of this P=l 

limestone formation that b 
the fossil occurs. This part _ ' II 

of the zone is largely com- f l' e e' d e' el' f l' 
posed of great and small b. Upper Laurentinn. e'. Second limestone. 
irregular masses of white c.,Fu~rth.gneiss. I e. S~conc~ gneiss. 
crystalline pyroxene, some d .Th!rd hm~tone. 1'. F~rst IUII?stone. 

f th t t d · d. Third gneiss. f. First gllelds. o em wen y yar s In 

length by four or five wide. They appear to be confusedly 
placed one above another, with many ragged interstices, and 
smoothly-worn, rounded, large and small pits and sub·cylindri. 
cal cavities, some of them pretty deep. The pyroxene, though 
it appears compact, presents a multitude of small spaces filled' 
with carbonate of lime, and many of these show minute struc­
ture similar to that of the fossil. These masses of pyroxene 
may characterize a thickness of about 200 feet, and the inter­
spaces among them are filled with a mixture of serpentine and 
carbonate of lime. In general a sheet of pure clark green ser­
pentine invests each mass of pyroxene; the thickness of the 
serpentine, varying from the sixteenth of an inch to several 
inches, rarely exceeding half a foot. This is followed in differ­
ent spots by parallel waving, irregularly alternating plates of 
carbonate of lime and serpentine, which become gradually finer 
as they recede from the pyroxene, and occasionally occupy a 
total thickness of five or six inches. These portions constitute 
the unbroken fossil, which may sometimes spread over an area 
of about a square foot, or perhaps more. Other parts, immedi­
atelyon the outside of the sheet of serpentine, are occupied with 
about the same thickness of what appear to be the ruins of the 
fossil, broken up into a more or less granular mixture of calc­
spar and serpentine, the former still showing minute structure i 
and on the outside of the whole a similar mixture appears 
to have been swept by currents and eddies into rudely pal'a1lel 
and curving layers; the mixture becoming gradually more 
calcareous as it recedes from the pyroxene. Sometimes beds of 
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limestone of several feet in thickness, with the green serJlentine 
more or less aggregated into layers, and studded with lsolated 
lumps of pyroxene, are irregularly interstratified in the mass 
of rock; and less frequently there are met with lenticular patches 
of sandstone or granular quartzite, of a foot in thickness and seve­
ral yards in diameter, holding in abundance small disseminated 
leaves of graphite." 

"The general character of the mass produces the impression 
that it is a great Foraminiferal reef, in which the pyroxenic 
masses represent a more ancient portion, which having died, and 
having become much broken up, and worn into cavities and deep 
recesses, afforded a seat for a new growth of Foram1'nifem, rep­
resented by the calcareo·serpentinous part. This in its turn be­
came broken up, leaving in some places uninjured portions of 
the general form. The main differenee between this Foraminif­
eral reef and more recent coral· reefs seems to be that, while with 
the latter are usuaHy associated marine shells and other organic 
remains, in the mQre ancient ones the only remaiIls yet found are 
those of the animal which built the reef." 

The structure and appearance of the unbroken fossil will be 
understood from the following nature· printed section, the prepa­
ration of which is thus described by Dr. Hunt. 

" The replacing min­
eral in this specimen 
being serpentine, the 
calcareous septa were 
dissolved from the pol­
ished surface by the 
action of an acid, and 
the fine material re­
placing the tubuli have 
mg been removed by 
the aid of a brush, a 
wax mould of the 
etched surface fum· 
ished the electrotype 
cast from which the 
above figure is printed. 
The lights thus repre­
sent the calcareousskel· 
eton, and the shaded 
portion a thick mass of 
serpentine, w hieh is 
distinguishable from a 
contiguous thin stra· 
tum of the same min- 3. Nature·printed section of a specimen~ of l!a~ 
eraI, that seems to form Oanadcnse from Petite Nation Seigniory. 

AM. JOl1& SOL-8EOOND SERIES, VOL. XL, No. 120.-N"ov., 1865. 
45 
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the base of the Eozoon. The gradual passage from the wide 
chambers and thick septa to the narrower and thinner Olles, and 
finally to the irregularly aggregated mode of growth, designated 
by Dr. Carpenter as acervuline, is well seen. The white patches 
in the upper portion of the figure do not arise from any imper­
fection in the electrotype, but represent the irregular growth of 
this part of the calcareous skeleton." 

Slices of the fossils having been prepared for microseopic ex­
amination, and submitted to Dr. Dawson, were at once recog­
nized by him as presenting the characters of ForaminifeJ al shells. 
After a careful examination of a large number of specimens he 
named and described the fossil as follows. 

"EOZOON CANADENSE; gen. et. spec. nov. 
General jorm.-Massive, in large sessile patches or irregular 

cylinders, growing at the surface by the addition of successive 
laminre. 

Internal structure.-Chambers large, flattened, irregular, with 
numerous rounded extensions, and separated by walls of varia­
ble thickness, which are penetrated by septal orifices irregularly 
disposed. Thicker parts of the walls with bundles of fine brallcli­
ing tubuli." 

The grounds on which he inferred its foraminiferal character 
are thus stated by Dr. Dawson: 

"1. The serpentine and pyroxene which fill the cavities of the 
calcareous matter have no appearance of concretionary struc­
ture. On the contrary, their aspect is that of matter introduced 
by infiltration, or as sediment, and filling spaces previously ex­
isting. In other words, the calcareous matter has not been 
moulded on the forms of the serpentine and augite, but these 
have filled spaces or chambers in a hard calcareous mass. This 
conclusion is further confirmed by the fact, to be refered to in 
the sequel, that the serpentine includes multitudes of minute for­
eign bodies, while the calcareous matter is uniform and homoge­
neous. It is also to be observed that small veins of carbonate of 
lime occasionally traverse the specimens, and in their entire ab­
sence of structures other than crystalline, present a striking con­
trast to the supposed fossils." 

"2. Though the calcareous laminre have in places a crystal­
line cleavage, their forms and structures have no relation to this. 
Their cells and canals are rounded, and have smooth walls, 
which are occasionally lined with films apparently of carbonace­
ous matter. Above all, the minute tubuli are different from 
anything likely to occur in merely crystalline calcspar. While 
in such rocks little importance might be attached to external 
forms simulating the appearances of corals, sponges, or other or­
ganisms, these delicate internal structures have a much higher 
claim to attention. Nor is there any improbability in the pres-
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ervation of such minute parts in rocks so highly crystalline, 
since it is a circumstance of frequent occurrence in the microscopic 
examination of fossils that the finest structures are visible in 
specimens in which the general form and the arrangement of 
parts have been entirely obliterated. It is also' to be observed 
that the structure of the calcareous laminre is the same, whether 
the intervening spaces are filled with serpentine or with py­
roxene." 

"3. The structures above described are not merely definite 
and uniform, but they are of a kind proper to animal organisms, 
and more especially to one particular type of animal life, as 
likely as any other to occur under such circumstances; I refer 
to that of the Rhizopods of the order Foraminifera. The most 
important point of difference is in the great size and compact 
habit of growth of the specimens in question; but there seems 
no good reason to maintain that Foraminifera must necessarily 
be of small size, more especially since forms of considerable mag­
nitude referred to this type are known in the Lower Silurian. 
Prof. Hall has described specimens of Receptaculites twelve inch­
es in diameter; and the fossils from the Potsdam formation of 
Labrador, referred by Mr. Billings to the genus Archreocyathus, 
are examples of Protozoa with calcareous skeletons scarcely infe­
rior in their massive style of growth to the forms now under con­
sideration." 

"These reasons are, I think, sufficient to justify me in regard­
ing these remarkable structures as truly organic, and in search­
ing for their nearest allies among the Foraminifera." 

"Supposing then that the spaces between the calcareous lam­
inre, as well as the canals and tubuli traversing their substance, 
were once filled with the sarcode·body of a Rhizopod, compari­
sons with modern forms at once suggest themselves." 

"From the polished specimens in the Museum of the Canadi­
an Geological Survey, it appears certain that these bodies were 
sessile by a broad base, and grew by the addition of successive 
layers of chambers, separated by calcareous laminre, but commu­
nicating with each other by canals or septal orifices sparsely and 
irregularly distributed. Small specimens have thus much the 
aspect of the modern genera Oarpenteria and Polytl·ema. Like 
the first of these genera, there would also seem to have been a 
tendency to leave in the midst of the structure a large central 
canal, or deep funnel-shaped or cylindrical opening, for commu­
nication with the sea-water. Where the laminre coalesce, and 
the structure becomes more vesicular, it assumes the' acervuline' 
character seen in such modern forms as Nubecularia." 

"Still the magnitude of these fossils is enormous when com­
pared with the species of the genera above named; and from the 
specimens in the larger slabs from Grenville, in the Museum of 
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the Canadian Survey, it would seem that these organisms grew 
in groups, which ultimately coalesced, and formed large masses 
penetrated by deep irregular canals j and that they continued to 
grow at the surface, while the lower parts became dead, and were 
filled up with infiltrated matter or sediment. In short, we have 
to imagine an organism having the habit of growth of Oarpen­
teria, but attaining to an enormous size, and by the aggregation 
of individuals assuming the aspect of a coral reef." 

"The complicated systems of tubuli in the the Laurentian fos­
sil indicate however a more complex structure than that of any 
of the forms mentioned above. I have carefully compared these 
with the similar structures in the 'supplementary skeleton' (or 
the sbell-substance that carries the vascular system) of Oalcarina 
and other forms, and can detect no difference except in the 
somewhat coarser texture of the tubuli in the Laurentian speci­
mens. It accords well with the great dimensions of these, that 
they should thus thicken their walls with an extensive deposit 
oftubulated calcareous matter; and from the frequency of the 
bundles of tubuli, as well as from the thickness of the partitions, 
I have no doubt that all the successive walls, as they were form­
ed, were thickened in this manner, just as in so many of the 
higher genera of more modern Foraminifera." 

Dr. Dawson further ascertained that certain parts of the fossil 
present that irregular mode of growth which Dr. Carpenter has 
designated as acervuline, and moreover that considerable masses 
of Laurentian limestones are made up of fragments of the fos­
sils. He further points out the presence in these limestones of 
other fragments, which are probably organic, and which may in­
dicate the existence of other animal remains. Films of carbon­
aceous matter in some of these limestones also exhibit under the 
microscope forms which indicate that they may be the remains 
of plants. He further adds, that" although the abundance and 
wide distribution of Eozoon, and the important part it seems to 
havo acted in the accumulation of limestone, indicate that it was 
one of the most prevalent forms of animal existence in the seas 
of the Laurentian period, the non-existence of other organic be­
ings is not implied. On the contrary, independently of the in­
dications afforded by the limestones themselves, it is evident that 
in order to the existence and growth of these large Rhizopoda, 
the waters must have swarmed with more minute animal or veg­
etable organisms on which they could subsist. On the other 
hand, though this is a less certain inference, the dense calcare­
ous skeleton of Eozoon may indicate that it also was liable to the 
attacks of animal enemies. It is also possible that the growth 
of Eozoon, or the deposition of the serpentine and pyroxene in 
which its remains have been preserved, or both, may have been 
connected with certain oceanic depths and conditions, and that 
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we have as yet revealed to us the life of only certain stations in 
the Laurentian seas." 

Subsequent to the above examination and description by Dr. 
Dawson, specimens of the new fossil from Grenville, and also 
more perfect ones from a similar and newly discovered locality 
in the Petite Nation Seigniory were taken to London by Sir Wil­
liam Logan and submitted to Dr. Carpenter, who fully confirmed 
the above results, and made out some additional structure. More 
especially he observed in specimens from the new locality, the 
preservation of the fine tubulation of the original cell-wall, which 
had not before been clearly made out. The additional points 
are thus stated by Dr. Carpenter: 

"Although Dr. Dawson has noticed that some parts of the 
sections which he examined present the fine tubulation charac­
teristic of the shells of the N ummuline Foraminifera, he does 
not seem to have recognized the fact, which the sections placed 
in mv hands have enabled me most satisfactorily to determine,­
that the proper walls of the chambers everywhere present the 
fine tubulation of the N ummuline shell (plate, figs. 3, 6); a point 
of the highest importance in the determination of the affinities 
of Eozoon. This tubulation, although not seen with tbe clear­
ness with which it is to be discerned in recent examples of tbe 
N ummuline type, is here far better displayed than it is in the 
majority of fossil Nummulites, in which tbe tubuli bave been 
filled np by the infiltration of calcareous matter, rendering the 
shell·substance nearly homogeneous. In Eo'Zoon tbese tubuli bave 
been filled up by the infiltration of a mineral different from that 
of which the shell is composed, and therefore not coalescing with 
it; and the tubular structure is consequently much more satis­
factorily distinguishable. In decalcified specimens, the free mar­
gins of the casts of the chambers are often seen to be bordered 
with a delicate white glistening fringe; and when this fringe is 
examined with a sufficient magni(ying power, it is seen to be 
made up of a multitude of extremely delicate aciculi, standing 
side by side like the fibres of asbestos. These, it is obvious, are 
the internal casts of the fine tubuli whicb perforated the proper 
wall of the chambers, passing directly from its inner to its outer 
surface; and their presence in this situation affords the most sat­
isfactory confirmation of the evidence of that tubulation afford­
ed by thin sections of the shell-wall." 

"The successive layers, each having its own proper wall, are 
often superposed one upon another without the intervention of 
any supplemehtal or intermediate skeleton such as presents itself 
in all the more massive forms of the Nummuline series; but a 
deposit of this form of shell-substance, readily distinguisbable by 
its homogeneousness from the finely tubular shell immediately 
investing the segments of the sarcode-body, is the source of the 
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great thickening which the calcareous zones often present in ver­
tical sections of Eozoon. The presence of this intermediate skel­
eton has been correctly indicated by Dr. Dawson; but he does 
not seem to have clearly differentiated it from the proper wall of 
the chambers. All the tubuli which he has described belong to 
that canal·system which, as I have shown, is limited in its dis­
tribution to the intermediate skeleton, and is expressly destined 
to supply a channel for its nutrition and a.ugmenta.tion. Of this 
canal·system, which presents most remarkable varieties in dimen­
sions and distribution, we learn more from the casts presented by 
decalcified specimens, than from sections, which onli, exhibit 
such parts of it as their plane may happen to traverse. ' 

" It docs not appear to me that the' canal-system' takes its ori­
gin directly from the cll.vity of the chambers. On the contrary, 
I believe thnt, as in Galcarina (which Dr. Dawson has correctly 
referred to as presenting the nearest parallel to it among recent 
Foraminifera), they originate in lacunar spaces on the outside of 
the proper walls of the chamber9t into which the tubuli of those 
walls open externally i and that the extensions of the sarcode­
body which occupied them were forrned by the coalescence of 
the pseudopodia issuing from those tubuli." 

We have here a dia­
gram by Dr. Carpen. 
terwbich he has given in 
his paper in the Quarter- B 
ly Geological Journal j 
and from hissnbsequent B 
memoir in the Intellect· 
unl Observer extract the 
following remarks: It 
will be understood that 
not only the chamber, 
but the canals and mi· 
n ute tubuli in the fossil B B 
are injected with ser-
pentine, which, when B B 
the calcareous skeleton 
is removed by an acid, 4. Diagram illmtrating the atrueture of EozoOn.. 
remains, and Dr. Car· 
Penter especially notices A I, A I, AI. Three chambprs of one layer, commu­

nicating with each otber directly at a, and by 
"the marvellous com- three passages through a. shelly partition at b. 
pleteness with which .A.2, A2, A9. Three chambers of a more superficial 
the minutest extensions layer. 

f h d b d f B, B, B. Proper wall of the chambers, composed of 
o t e sarco e· 0 y 0 finely tubular shell-substance. 
the animal are repre· C, C, C. Intermediate or supplemental skeleton, 
sented in decalcified traversed by D, a. stolon. of communication be· 

. b h tween two chambers of different layers, and by 
SpeCl.menS y t ese ser· E, E, a canal-system originating in the lacanar 
pentme models; even space F. 
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the most delicate pseudopodial threads, consisting of the softest 
and most transitory form of living substance which were put 
forth through pores in the shell-wall less than one ten-thousandth 
of an inch in diameter, being thus perpetuated to all time." 
"The proper walls of the chambers are everywhere formed of a 
pellucid vitreous shell-substance minutely perforated with tubuli, 
so as exactly to correspond with those of Nummulites, Operculina, 
etc." The serpentine casts of these tubuli are frequently de­
tached by the disengagement of the gas while the skeleton is 
being removed by an acid, but they often remain behind, stand­
ing side by side like the filaments which form the pile of velvet, 
their lower ends resting on the subjacent segment, while their 
upper extremities present a uniform surface. These casts of 
tubuli are distinguished from the adjacent serpentine, which is 
pale-green by their whiteness, yet the two are fonnd by Dr. Hunt 
to be identical in composition, and thus, as he, and Dr. Carpenter 
after him, remarks, their whiteness is due to their fine division; 
many groups and bunches of this white substance being found 
by Dr. Carpenter to be aggregations of the elementary forms of 
sarcodic prolongation, which he has described in detail. 

With regard to the intermediate or supplemental skeleton, 
which resembles closely that existing in Oalcarina as described 
by Dr. Carpenter in his admirable Introduction to the Study of 
the Foraminifera, it is an exogenous deposit on the outer surface 
of the proper walls of the chamber, where it seems to be produced 
by the sarcodic layer which is formed by the coalescence of the 
pseudopodia after they have issued from the tubuli, and is trav­
ersed by a more or less minutely distributed canal-system, occu­
pied during life by prolongations of that sarcodic layer. In 
those portions of the fossil where the chambers, instead of be­
ing regularly arranged in floors, are piled up in the acervuline 
manner, there is little or no trace of this intermediate skeleton, 
but in these irregularly aggregated chambers the structure of 
their proper walls is still well scen, both in transparent sections 
and in decalcified specimens. 

In the solid masses of limestone which are made up of frag­
ments of Eozoon, Dr. Carpenter could find no trace of the inter­
mediate skeleton, though these specimens afford the most perfect 
examples of the Nummuline tubuJation. He hence concludes 
that" the breaking up of the surface of the original Eozoon 
must have taken place before the proper walls of its highest 
tiers of chambers had been strengthened by exogenous deposit." 

Space will not permit us to follow Dr. Carpenter in his com­
parison of Eozoon with other Foraminifera. He remarks, how­
ever, the resemblance in its mode of growth with the discoidal 
modern Oycloclypeus from the coast of Borneo, which attains a. 
diameter of more than two inches and is made up of many 
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thousand segments, while in Globigerina the continuous increase 
of the individual body by segments soon ceases and new indi­
viduals are formed by the separation of the segments. 

Reverting to Dr. Dawson's remark as to the important part 
played by the Eozoon in the Laurentian seas, Dr. Carpenter ob­
serves the significance of the fact that this lowest type of ani­
mal life known to the physiologist (the Rhizopod) should have 
attained such a great development and apparently culminated in 
the very earliest known period in the history of the life of our 
globe. 

The serpentine marbles of Tyree and of Skye, whose problloble 
Laurentian age had been pointed out by Dr. Hunt in the paper 
already cited, offer, according to Dr. Carpenter, "a structure 
clearly identical with that of the Canadian Eozoon." A like 
structure has been discovered by Mr. Sandford in the serpentine 
marble of Connemara, known as rrish green marble. "I have," 
says Dr. Carpenter, "examined decalcified specimens of several 
portions of this rock, and have not the smallest hesitation in 
identifying them with the acervuline portion of the Eozoon Can­
adense, although I have met with nothing corresponding to the 
lamellated structure of other portions of the Eozoon. More­
over in place of the continuous asbestiform layer covering the 
segments, long straight bundles of filaments radiate from them." 
The age of the Connemara rock is by no means certain. Sir 
Roderick Murchison was at first disposed to regard it as Lauren­
tian, but has since expressed the opinion that it is of Silu­
rian age. 

In this connection we call the attention of American geolo­
gists and microscopists to the crystalline limestones of the 
Highlands of New York, which are doubtless of Laurentian 
age,' and also to the figure and description, given by Dr. Em­
mons on page 60 of his Geology of the 2nd district of New 
York, of a banded arrangement in rounded or oval masses of 
serpentine and carbonate of lime, much resembling in external 
form the Eozoon of Canada. The specimen figured by him is 
from Warrensburg, Warren County, N ew York. 

The mode in which the Eozoon has been preserved by the in­
jection of serpentine has already been noticed, but is further 
described in Dr. Hunt's paper, from which we make the follow­
ing extracts: 

"The details of structure have been preserved by the intro­
duction of certain mineral silicates, which have not only filled 
up the chambers, cells, and canals left; vacant by the disappear­
ance of the animal matter, but have in very many cases been 
injected into the tubuli, filling even their smallest ramifications. 
These silicates have thus taken the place of the original sarcode, 

1 See this Journal, [2]. xxxix, 97. 
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while the calcareous septa remain. It will then be understood 
that when the replacement of the Eozoon by silicates is spoken 
of, this is to be understood of the soft parts only; since the cal­
careous skeleton is preserved in most cases without any altera­
tion. The vacant spaces left by the decay of the sarcode may 
be supposed to have been filled by a process of infiltration, in 
whicb the silicates were deposited from solution in water, like 
the silica which fills up the pores of wood in the process of sili­
cification. The replacing silicates, so far as yet observed, are a 
white pyroxene, a pale-green serpentine, and a dark-green 
alumino-magnesian mineral, which is allied in composition to 
chlorite and to pyrosclerite, and which I have referred to logan­
ite. The calcareous septa in the last case are found to be dolo­
mitic, but in the other instances are nearly pure carbonate of 
lime. The relations of the carbonate and the silicates are well 
seen in thin sections under the microscope, especially by polar­
ized light. The calcite, dolomite, and pyroxene exhibit their 
crystalline structure to the unaided eye; and the serpentine and 
loganite are also seen to be crystalline when examined with the 
microscope. When portions of the fossil are submitted to the 
action of an acid, the carbonate of lime is dissolved, and a co­
herent mass of serpentine is obtained, which is a perfect cast of 
the soft parts of the Eozoon. The form of the sarcode which 
filled the chambers and cells is beautifully shown, as well as the 
connecting canals and the groups of tubuli; these latter are seen 
in great perfection upon surfaces from which the carbonate of 
lime has been partially dissolved. Their preservation is gener­
ally most complete when the replacing mineral is serpentine, 
although very perfect specimens are sometimes found in pyrox­
ene. The crystallization of the latter mineral appears, however, 
in most cases to have disturbed the calcareous septa." 

"Serpentine and pyroxene are generally associated in these 
specimens, as if their deposition IJad marked different stages of 
a continuous process. At the Calumet, one specimen of the 
fossil exhibits the whole of the sarcode replaced by serpentine; 
while, in another one from the same locality, a layer of pale 
green translucent serpentine occurs in immediate contact with 
the white pyroxene. The calcareous septa in this specimen are 
very thin, and are transverse to the plane of contact of the two 
minerals j yet they are seen to traverse both the pyroxene and 
the serpentine without any interruption or change. Some sec­
tions exhibit these two minerals filling adjacent cells, or even 
portions of the same cell, a clear line of division being visible 
between them. In the specimens from Grenville, on the other 
hand, it would seem as if the development of the Eozoon (con­
siderable masses of which were replaced by pyroxene) had been 
interrupted, and that a second growth of the amimaJ, which was 
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replaced by serpentine, had taken place upon the older masses, 
filling up their interstices," 

The paper of Dr, Hunt contains numerous analyses of the 
various minerals noticed above. We extract his account of the 
loganite, which replaces the Eozoon from Burgess. The cal­
careous septa in these specimens are represented by a "some­
what ferriIerous dolomite, the analysis of which was made upon 
portions mechanically separated from the enclosed silicate j it 
yielded carbonate of magnesia 40'7, carbonate of lime, with a 
little peroxyd of iron, 59'0=99'7, The septa of the specimen 
from this locality are in some parts more than 3'0 millimeters in 
thickness, and exhibit the chambers, cells and septal orifices; 
but no tubuli are seen, rIhe replacing material has the hardness 
of serpentine, for which it was at first mistaken, Its color is 
blackish,green, but olive-green in thin sections, when it is seen 
by transmitted light to be crystalline in texture. Its fracture is 
granular, and its lustre feebly shining. It is decomposed by 
heated sulphuric acid, and wus thus analyzed, yielding the re­
sult 1. The centesimal composition of the soluble portion is 
given under II. 

I, II. III. 

Silica, • , , .. , .••.••••• 33''15 35'14 36'50 
Alumina ............. 9''14 10'15 10'80 
Magnesia .•••. ,.", ..• 30'24 31'4'1 28'20 
PJ'otoxyd of iron " , , , , 8'19 8'60 9'54 
Water., ...• , .....••• 14'08 14-64 14'62 
Insoluble sand. , ....•.• 2'50 .... 

98'51 100'00 99'66 

"The silicate which here takes the place of the pyroxene and 
serpentine observed in the other specimens of Eozoon is one of 
frequent occurrence in the Laurentian limestones, and appears 
to constitute a distinct species, which I long since described un­
der the name of loganite, and which occurs at the Calumet in 
dark brown prismatic crystals, I have since observed a similar 
mineral in two other localities besides the one here noticed. The 
result III, which is placed by the side of the analysis of the Bur­
gess fossil, was obtained with a greenish-grey sparry prismatic 
variety from North Elmsley, having a hardness of 3'0, and a 
specific gravity of 2'539, These hydrous alumino,magnesian 
silicates, which I have included under the name of loganite,' are 
related to chlorite and to pyrosclerite in composition; but these 
last are distinguished from it by their eminently foliated mica­
ceous structure," 

"When examined under the microscope, the loganite which 
replaces the Eozoon of Burgess, shows traces of cleavage-lines, 

1 For a description of this and similar silicates, see Geology of Canada, p, 491, 
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which indicate a crystalline structure. The grains of insoluble 
matter found in the analysis, chiefly of quartz sand, are distinctly 
seen as foreign bodies imbedded in the mass, which is moreover 
marked by lines apparently due to cracks formed by a shrink­
ing of the silicate, and subsequently filled by a further infiltra­
tion of the same material. '£his arrangement resembles on a 
minute scale that of septaria. Similar appearances are also ob­
served in the serpentine which replaces the Eozoon of Grenville, 
and also in a massive serpentine from Burgess, resembling this, 
and enclosing fragments of the fossil. In both of these speci­
mens also grains of mechanical impurities are detected by the 
microscope j they are, however, rarer than in the loganite of 
Burgess." 

"From the above facts it may be concluded that the various 
silicates whi.ch now constitute pyroxene, serpenti.ne, and loganite 
were directly deposited in waters in the midst of which the 
Eozoon was still growing, or had only recently perished j and 
that these silicates penetrated, enclosed, and preserved the cal­
careous structure precisely as carbonate of lime might have 
done. The association of the silicates with the Eozoon is only 
accidental; and large quantities of them, deposited at the same 
time, include no organic remains. 'l'hus, for example, there are 
fOlmd associated with the Eozoon limestones of Grenville, mas­
sive layers and concretions of pure serpentine; and a serpentine 
from Burgess has already been mentioned as containing only 
small broken fragments of the fossil. In like manner large 
masses of white pyroxene, often surrounded by serpentine, both 
of which are destitute of traces of organic structure, are found 
in the limestone at the Calumet. In some cases, however, the 
crystallization of the pyroxene has given rise to consirlerable 
cleavage-planes, and has thus obliterated the organic structure 
from masses which, judging from portions visible here and there, 
appear to have been at one time penetrated by the calcareous 
plates of Eozoon. Small irregular veins of crystalline calcite, 
and of serpentine, are found to traverse such pyroxene masses 
in the Eozoon·limestone of Grenville." 

Veins of fibrous serpentine (chrysotile) in like manner :inter­
sect the serpentine of this region, and are sometimes found cut­
ting across the masses of Eozoon. It is stated in a note to this 
portion of the paper that, "Recent examinations have shown 
that some of these masses encrusted with Eozoon replaced by 
serpentine, consist of crystalline pyrallolite (rensselaerite); which 
seems, like the other silicates, to have replaced the organic mat­
ter of the Rhizopod." 

" These observations bring the formation of siliceous minerals 
face to face with life, and show that their generation was not in­
compatible with the contemporaneous existence and the preserv-
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ation of organic forms. They confirm, moreover, the view which 
I some years since put forward, that these silicated minerals 
have been formed, not by subsequent metamorphism in deeply 
buried sediments, but by reactions going on at the earth's sur· 
face." In support of this view, I have elsewhere referred to the 
deposition of silicates of lime, magnesia, and iron from natural 
waters, to the great beds of sepiolite in the unaltered tertiary 
strata of Europe; to the contemporaneous formation of neolite 
(an alumina-magnesian silicate related to loganite and chlorite 
in composition) j and to glauconite, which occurs not only in 
secondary, tertiary, and recent deposits, but also, as I have 
shown, in Lower Silurian strata." This hydrous silicate of pro. 
toxyd of iron and potash, which sometimes includes a consider· 
able proportion of alumina in its composition, has been ob­
served by Ehrenberg, Mantell, and Bailey associated with or­
ganic forms in a manner which seems identical with that in 
which pyroxene, serpentine, and loganite occur with the Eozoon 
in the Laurentian limestones. According to the first of these 
observers, the grains of green-sand or glauconite from the ter· 
tiary limestone of Alabama are casts of the interior of Poly­
thalamia; the glauconite having filled them by , a species of nat· 
ural injection, which is often so perfect that not only the large 
and coarse cells, but also the very finest canals of the cell-walls, 
and all their connecting tubes, are thus petrified and separately 
exhibited.' Bailey confirmed these observations, and extended 
them. He found in various cretaceous and tertiary limestones 
of the United States, casts, in glauconite, not only of Foramin­
item, but of spines of Echinus, and of the cavities of corals. 
Besides, there were numerous red, green, and white casts of 
minute anastomosing tubuli, which, according to Bailey, resem· 
ble the casts of the holes made by burrowing sponges (Cliona) 
and worms. These forms are seen after the dissolving of the 
carbonate of lime by a dilute acid. He fOllnd moreover, simi­
lar casts of Foraminifera, of minute mollusks, and of branching 
tubuli, in mud obtained from soundings in the Gulf-stream, and 
concluded that the deposition of glauconite is still going on in 
the depths of the sea" Pourtales has followed up these investi­
gations on the recent formation of glauconite in the Gulf-stream 
waters. He has observed its deposition also in the cavities of 
Millepores, and in the eanals in the shells of Balanus. Accord­
ing to him, the glauconite grains formed in Foramt'nifera lose 
after a time their calcareous envelopes, and finally become 
'conglomerated into small black pebbles,' sections of which still 

• This Journal, f2], xxix, 281 ; xxxii, 286. Geology of Canada, p. 0'1'1. 
: Th~s Journal, 2], x~xiii, 2'1'1. Geology of Canada, p. 48'1. 

This Journal, 2J, XII, 280. 
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show under a microscope the characteristic spiral arrangement 
of the cells.· 

"It appears probable from these observations that glauconite 
is formed by chemical reactiolls in the ooze at the bottom of the 
sea, where dissolved silica comes in contact with iron-oxyd ren­
dered soluble by organic matter; the resulting silicate deposits 
itself in cavities of shells and other vacant spaces. A process 
analogous to this in its results, has filled the chambers and canals 
of the Laurentian Foraminifera with other silicates; from the 
comparative rarity of mechanical impurities in these silicates, 
however, it would appear that they were deposited in clear 
water. Alumina and oxyd of iron enter into the composition of 
loganite as well as of glauconite; but in the other replacing 
minerals, pyroxene and serpentine, we have only silicates of 
lime and magnesia, which were probably formed by the direct 
action of alkaline silicates, either dissolved ill surface-waters, or 
in those of submarine sprin~s, upon the calcareous and mag­
nesian salts of the sea water.' 

In the second part of Dr. Hunt's paper on Natural Waters, 
published in this Journal for July, there will be found in § 41 
some observations bearing on the formation of the silicates of 
lime and magnesia. Thc chemical and mineralogical relations 
of the Eozoon, or rather of its replacing silicates, (ne by no 
means the least important points in the history of this remark­
able fossil. 

Explanation of the Plate illustrating the Structure ana .Affinities of 
Eozoon Canadense. 

Of the figures here given, 1, 3, 6 a, 6 b, and 7, are selected 
from two plates given by Dr. Carpenter to illustrate his paper; 
while 2, 4, and 5, are from the plates accompan'ying Dr. Daw­
son's description, and are from drawings by Mr. Horace H. 
Smith, the artist of the Canadian Geological Survey. 

The figures, with the exception of 7, are from transparent 
sections of specimens in which the original shell was well pre­
served, and its minutest cavities infiltrated with serpentine. 
Figure 7 is from a specimen from which the calcareous skeleton 
was removed by an acid, and represents the internal casts of the 
tubes, as seen by reflected light. 

Fig.!. Vertical section of regularly stl'atified portion of Eozoon show­
ing the ordinarily continuous connection of the chambers of 
each stratum; magnified 10 diametel's. 

2. Horizontal section of Eozoon from Grenville, maO'nified 25 
diameters j a, systems of tubuli j b, secondary ch:mber. 

3. Portions of two chambers of different layers, showing at a, a, 
the proper wells of their chambers j at b, b, the intermediate 

• Report of United States Coast Survey, 1858, p. 248. 
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skeleton; and at c, c, a stolonirerous passage; magnified 25 
diameters. 

Fig. 4. One of the systems of tubuli cut transversely j magnified 100 
diameters. 

o. Part of a system of tubuli cut transversely i magnified 200 
diameters. 

6. Portions of the proper wall of the chambers, showing its 
Nummuline tubulation, as seen at a in longitudinal, and at b 
in transverse section; magnified 100 diameters. 

7. Cast of the interior of canal-system; an entire group magni­
fied 10 diameters. 






