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A Paleontological Study of the Gunflint Mierofossil Assemblage

vay 20, 1965

Je Williom Schopf



Precarbrian nicrofogsils discovered in nonfervuginous cherts of the

lover "alpal”™ wevbers of the Gunflint formation of southern Ontario

are of great inteyest in the cvolutlenavy scheme of prinitive 1ife.

The environuent of deposition of the deposit, and the indigencus and
biogenic nature of the nicrofessil agsenblage are considereds 4 discussion
of the gpell but diversified assecblage, including twelve nicro-lorus,
seven of which have not previcusly been reported, is presented.

nhomucTIon

This atudy was carried out by the writer as the soccond half of an
henors project in the Ceology Departnent of Cberlin Cellege, Cberlin, Uhie,
during the second semester of the 1962-1263 school year. Chert nodules f{rom
the lower "algal” wembers of the Gunfling mmmz:.if;m Untarie, were kindly
obtained from Dr, Hiso 8, Barghootn of Heprvard Univervsitys. The nodules,
approxivetely 8 % & x 3 ome in size, wore extracted from a thin chert bed,
vorying from 2 to 12 inches thickness, exyosed near the botton of the
lower “algal™ menbers on Schreiber Desch, 4 wmiles east of Schreiber, (ntaric,
Age determinntions done on this Jm.mi'i.e«aga formation, utilizing votagsiw
argon and rubidiug mstz*nmtﬁun decay mtios, have yiclded consistant ages of
1900 nillion years « 200 million years {mriey,m. alay 19627,

The originel disoovery of nidrofos:ile in the Cunflint cherts was vade
by the late Dr., Stamley 4. Tyler, of the Univevsity of Wisconsin, in 1952, and
the £irst paper dealing with this digcovery of the "oldest struecturally presceved
organisms that elearly exbibit cellular differventiation and original carbon
ecouplexes”{Tyler and Darghoorn, 1954}, appeared in the f:‘rxf.;;:mii,:%ﬁ,;}ﬁ:“ﬁa’ﬁ igsue

In 1957 a secon! paper, dealing with the biochemicsl analysis

of an antbrm:i‘.%:m coal £rom the Precembrisn of gorthern Michigan, the results
of which are applicable to the algel cherts of the Cunflint forsation (Tyler,

L P

Barshoorn and Bavrett, 1957, pe 13032, appearsd in the October issue of the

dulletin of the Jeological Soelety of fwericas A third paper, dealing in




soe depth with the microfossil assserblage, the plates of which the writer
has kindly been pervitted to excuine, i8 in prepsration by Derghoorn at
present and will be subnitted Eor publication in the fall of 1943

In this study the writer has attenpted fo sstablish the probable
envivoment of depositdon of the deposit, to ésm%ﬂ ish that the nmaterial
thought to be worphelogically sinilay to existing orgonioms is indigencus
to the chert and is biogenic in nature, and finally, to establish that »
diversifiad floral and faunal assenbleage is present. Although these related
problems ave neceesary to a cunplete puleontological understanding of the
now favous Cunflint asscublage, ﬁm;f have never Doeen previously assenbled
by any suthor.

It should be noted at the outset; that, becsuse of the Iimi: ea;a time
availeble for its coupletion, thie study is prelininary and scwewhat cursory
in soope, - Thus, the cesclusions drawn freom it, espocially with vegard o
the possible affini’ ies to modern organiscs of the Precarbrion nicro~organiong
which have been found, are necesserily tentetive and subject to alteration
at a later date. Purther work will be carvisd out by the writer in the next
four or five years mnd it is hoped that et that tive these and other problous
agsociated with this anciont chert deposit ecan be clarified.

J‘wﬁ. Kg }:f‘ﬁ} ::

A

The study of the chert ncdules, and the organie vateriasl extracted fvom
them, has been carried out utilising & vaviety of techniques. The cellulosew
apetate peel technigue was used to free 2 thin layer of the chert and cubedded
micrefossils for nicroscopic imvestigetion; & maeevation techmicue using concentrated
hydrofluverie acid wes used to free the inscluble orgenie material frem the
silieie matviy for further gtudy) staining of the residue obtained lrom a

hydrofluoric macerstion with Safvonined was used to establish the organic



nature of certain of the microfossiley the normal vethod of thin seetion
preparation and transuitted light photomicrography were used Yo study the
Lithology and the miafafassii sgsenblages an ash determinntion, discussed
in some detall in the text,; was utiliged to detercine the percentage of
corbustible vate-ial in the cherty and observation of thin sections in polariged
light vas used to cetablish the nature of the pineral Filling the dehydration-
contraction eracks presont in the chert.

ACINCULEDGITENTS

The writer is indebted to Dre He 5. Barghoorn, Harvard University, for

‘bis gift of the sanples op which this study is baped and for the advice, intercat,

and congideration he has shown during the progress of this studye. Ur. Barghoom
alse kindly permitted the examination of his unpublished plates, for which

the writer is grateful. The writer is grateful to Dr. J. He Schopf, Chio

State Uniwersity, for his belp in the prepsration of thin gections and fov

hig kind advice and intevest regaerding the entire project, The writer horeby
gratofully schnowledges the assistance in the proturencnt of egquipnent
necescary to the study, and apprecilation for the intercst and criticisgs

offered by professors F. Poreman, Je L. Powell, W, As Covrdon, R Ce Schoonmoker,
Ve Ue Dromund, and Mrs., K¢ U, Clisby, all of Oberlin College. Thanks are due

to Mrs. ., P, Foveusn, and professors Ae. R, Drusmett, Le T Giibar., Ge Te Jones,
Me ¥y Filosa, Wa Fa Walker, and B. J. Kormondy, all of (berlin College,

and to Dr, Aureal Cross, Michigen State University, for the interest and

advice they have kindly extended to the writers Grateful appréeciation is

hereby expressed to the Hetional Seienee Foundation which afforded funds

for photographic matevialse



DESCRIPFIION OF S/PLES
The Gunflint nodules studied consist of o demse, black, £ing to
nediun grained chect, containing occasional carbonote rhombs, and neny
oolite=-"illed pochetn which eontain spherites, often exhibiting a"greenalite
cove gurrcunded by aiterﬂ&ting‘léyawa of hematibe, vagnetite and/or chaleedony™
(Gill, 1927, pe 703-705)s Pyrite gramiles, lacking the altermaaiug, congentric
banda, ave also precent. Dehydration-eontraction eracks ave present, both
cutting through the chert nodules and in the layered spherites (Plate I, 3.
hese evacks ave filled with chaleedony sinilar to that of the &a%ﬁﬁ&:v
.Santimﬁa eut trangverse to the bedding show browm, thin,izregular aﬁxata
forving thinble shaped nesses with a@iit&miiliaé depressions iﬁ@atw&@nﬁﬁiata I, 3=20a
in the writer's opinion, these thinblé shaped magses were formed, mumhiin
the save manner as ove similar structures formﬂﬁ by medern blue-green algae,
by the upard pngtmﬁraahzn growth of the algal member GL the sssenblage.
Microgseopic investigation supporis ﬁha& view by revealinp that the bron,
.irregular lines ave conposed of mats of both the algal and fungal menbers of
the asseoblage. During the growth of the thimble shaped structures, banded
spherites are thought to have ecollected in the intervening éepraéaians;,
Tiwe, in the opinion of the nriter, the convex thicbles ave &hwu~ut to be
directed upward and the intervening oulite-£1llsd depressions ere though
to be directed dowmiard. Seé Figure 1 for ¢ drawing of a seation throush
the chert cut perpendiculsr to the sirata.

BHVIORENTY OF DRPOBIT
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The Yhysical and ehemiecal enviromment of deposition of ¢he chert deposit

mugt be established so that the ecological affinities of the organisme present

in the assenblage may be reasonably inferved.



Section through cert nedule cut perpendiculer to strata.
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Frow converging aroupente it is believ

that the orgenisms present in the Sunilint chert liwved in & shallow, narineg
envirvonvent, woeet probably net beneath the wave base, and close enocugh to
the surface to ukilize penetrating lisht. There are several veasons for
believing this. Plrst, it secus probeble that the spherites .Mz.is:ﬂ‘; ing
alternating, coneontric layers of hematite, vagnetite aw&f&i chaleadony
surrounding the greenslite c:cam, were kept in suspension by si%mmw;zmzw

in shallow water, or that they were swept up after originel depesition and
had additionel layers of the ninerels added, the banding being dve to vhythmie
pregipitetion of these substances. Purther, it hag been noted that this type
of goherite is found only in the algal facies and in a lower intralormationsl
conglemerate (G411, 1927, p. 703), the latter of which has been terved the
Rakabeka Zormation (loorhouse, 1960, p. '3"}.:_- It is well established that

%

the conglomerate wap forwmed in a shallow water ewvivonment {(GIll, 1927, p. 7032

and thus, the conditions recuisite for the fornation of this tyre of spherite

a"re % = & £

8 thought to have been identical in both instantese It i8 noted that the
spherites exhibit delydration-contraction wracks £illed by chert sinilar to
that of the watriw, ag, secovding to Gill do other types of granules prosent

in the Gunflint (8411, 1927). PFurther, there is no evidence of deformation

due to tectonic activity in the avea of deposition &nd only winor grawvity

faulte appear to have ocourred since Gunllintetives Qloorhouse, 1960). Thus,
it seume Loprobeble thet there has Leen sny cons ible altevetion of

these apherites sinee original consolidation of the watrix. The fact that

delicate, viloro-ovganisws bove been preserved in the ehert would further conficn

et

Secondy the fact Lhat see neubevs of the o alpa

3

in noture would necessitate thet the orgenisme lived close enpush to the surface

)



to be able to absorb penetrating 1isht and thus earry on photesynthesis,
Liniting depth for wvodern ovganisus of this type is largely deternined by
light penetration and is generally less than 60 fect {Goodwin, 19564 p. 5700
Third, that the organisus did not 1&.@ boneath the wave base is inffm:x;e&
fron the faet thet similar wodern orgenisns are kpown to {lourish only
in ghallow water vhere agitation by wave action promotes the exchange of
gases and nutriments. And fourth, Coodwin notes frow the a-zémiim?:imm of
lateral facies velationships thatthe lower “algal™ wembers were deposited
in a shallew basin border ing oven sea-wvater at the norvilvastern exient of
its avea, the warine basin constituting an extended arm of the Aninikie sea
(Coodwing 1956, p. 5917+ Purther, the presence of greenalite, in an ahalogous
amer to the interpretetion of the presence of glauconite, is taken as
an indication of warine conditions,

THE CUEMICAL UNVIRBOMMENT: The pregsence of Lematite is thought o
be an indication that the c’im?w itiomal envivemsent was oxidiming iﬁ. nature
{MRbar and Dodgers, 1961, p. 212)s In the chert studied this can easily be
attributed to the oxygen byw-product of the photogynthatic algse in the asseiblage.
whether the atwosphere was oxidising In nature, i.e. wvhether {ree oxygen had
appeared by this time in the evolution of the atz*:ﬁsphwé, cannot be éeé:mm:imé

froc: the material studied becsuse it is caeeily cobeciveble that the oxidizing

3ot

nature of the samples gtudied was a local phengrencn dependent only on the
phiotesynthetic algses Coodwin, howsver, belioves that the aticsphers wag
oxidising during the Tormation of the hematite and magnetite bearing svherites,

as dete

vined by hin frow studies of the Cunflint facies which hawe shoun that
the ferric state of oxidation was resched during preecipitation and lithification

rather then by later weathering or other alteration (Qoodwim, 1956, p. 500«591).
w ’ ’



. Purther, Goodwin states that the preponderamee of ferrous iron minerals
together with the guantitative absence of reducing agents in the Gunilint
(the algal facles excepted) indicate that iron wag transported and deposited
largely in the ferrous state (Coodwin, 1956, ps 390-5%13. This strongly implics
the presence of an acid epvircnuent which appears to have resulted fronm largew
goale diseharge of acid vmlaanic solutions into the basin of depogition {Gooduwing
1956, pe 591)« In osupport of this hypothesis Barghocra has noted the f£inding
of pyroelastie waterial in the thin section material prepared by Jo He Schopf
viﬁarghbnrn, ﬁarﬁﬂﬂﬁl comsunication, April, 1963).
Although an cxidizing environment is inferred in tha'g#nﬁlint ¢chert, the
presence of the rﬁﬁncxn@~lndaaatar, pyxit&, seomg to present no problem,
It is the writer's opinion that as organie matter sank to the basin bottoem
its accumletion caused the forwation of a localized reducing enviromment,
_'zhmﬁ permitting the formation of pyrite, The granuvles, which notably lachk
the rhythnie eoncentric bands of the spherites formed in more shallow water,
then accumulated in the preserved chert facies, The preservation of the ferric
fron in this reducing envirenment is probably due to the protective layers of
chalcedony which, in all cascs observed, appear to completely surround the
hematite layers.
MODE OF PRESERVATION

The . fact that nicro~crganisme of such a delicate mature as t. 2 discovered
have been presesved sfter unearly two-billion years warrants explanation,
The fidelity of préservation is attested to by the coumparison ol the gualigy
of preservation of the Gun’lint assenblage with that of the celebrated Rhynie
chert deposit of the middie Devonian of Scotlend (Tyler and Barghoorn, 1954).

As wentioned above, acidie solutions, mainly constituted of silieie L&ﬁﬁ?iai,



pe 92-93), it is appropriate to dispel amy doubt as to whether such

were depogited by vai#aaniﬂ aetivity into the shallow marine basine This
gilicie materialy thought by Gill to bave been carried in & finely divided colloidal
condition (Gil11,1927), permeated the interstices of the floral nats, thus

encaging thew, following 1ithification, in chert, nicro-crystalline cuart

CAfker original deposition the chert bag, in general, undergone no ﬁitﬂration

due to land moverents,; and thus the originsl material is precerved much ag it
was when it was deposited. Only winor altar&tian of the cqntenis i the chert
has oceurred, and this is due to the debyiration of the silicic matviz, leaving
as evidence the contraction eracks present in the detrix and in many of the
spherites, According to Barghoorn, who hag attempted to duplicete these
dehydvation phenomena in the laboratery, the dehydratiom of ﬁﬁe silicic matrix
has probalby caused the shrinking of the eriginal organic “dt 12l to bgtween
172 and 13 of its oviginal size (Burghoorm, personal coumumication, April, 1963},
end has ¢hmg Ghiiﬁeratgci much of the very fj’ﬁﬁ detsil present in the original
unaltered material,
HDIGRROUS NATURE OF THE MICROPORSILS

In View of the fact that wuch eriticisn has been directed toward some
investigators dealing with unusual microfossil discoveries, especially those
dealing with the "organic™ remsine reported in carbonaceous chondrites {?itabﬂ?ﬁ@éﬁ)
ond those claiming to have discovered viable bacterie of great age (ZoBell, 1946,
riticisy
could be justifiably directed toward the work done on the Gunflint assenblage,.
The wmost imporitznt of those criticisme leveled against other investigators is
that the micro-orgonisweg which they have reported are nﬁﬁUﬂlly dus to modern
contamination and are thus not indigencus to the rock with which they are working.
For several reasonp it is believed that such eriticism is untenable with

regard te the Gunflint asseublage., First, the material theought to be morphologically



10

gimilar to certain existing arganiﬁms is, without any question, within the
rock as demonstrvated by thin section analygis. In addition, this material
iz very profuse, a fact which m&&&s detailed, systematic work very tinme consuming,
and which would be inpossible o explain by econtamination. Fﬁrt&ar, nicropeopie
investigation of cellulese acetate peels obtained from a polished
section etched in hydrofluoric acid and using acetone as a bond between the'.
celiulose acstate and the section, reveal that the organic material is part
of the chert, And f£inally, the silicic matrix can be dissolved in hydrofluorie
acid, and the inscluble mewbers of the assemblage can be concentrated in the
residue, washed free of acid, pipetted onto microscope slides and exemined
directly, free of the mineral wmatrix
URGANIC NATURE OF THE ASSTMBLAGE

In addition to the view sometimes advanced that soue reﬂmmbn @ier Qe
fosails are not indigencus te.*ﬁa vaterial from which they are veported,
the other 1np@r£ ant criticiss often leveled against unusual discoveries of
this sort is that the reported mierofossile are not biaganic in pature.
Thus, it is important to establish that the wmicrowforms extrocted from thbv

'3

Gunflint are, in aectuality, of erganic origin. 7The most obwious way of

establishing the bilogenie natufe'af‘tha forme reported is that of considerin
their wmorpholeogy. The wovrphology of several o the formg discovered oan Le
coupared to nembers of existing genera, and the ecological affinities of the
existing orgenisus to which théy’may be compared coincide with the environuent
of the Gunflint suggested above. Purthar, the eaéyleziﬁyimr the Orw nisus

sugoested iz not unreasonable. in terms of  evelu
B akac . per haps the 66 a8t

o Eah X

R CONE &era&t

i "
SaT and most ava anie method o‘f'

#{ Wevey . &l muaﬁ* yorpho Qg el L .
egﬂbhhshqg 10VEEe BLEROVEY SSTRRCLIRY wn@a‘natutef it is not as conwineing as ave the

biochenical analyess done on the naterial. After 4 vashing about 27 grovs
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of the chert in bonmens and ealeahc«.i, to romove poszible gurface m:*ga:,nia:
regidue, the material was heated to 110°C to drive off any free mmr.
Pollowing weirhing, the material was emersed io hydvelluoric aeid, to dissclve
the siljcic matrix. The remaining residue was concentrated, washed free of
acid, and agan weighed alter deying in & phosphorus pentoxide ﬁaé:iumtw.

The sace procedure was followed &iter swersing e remaining ma;:m*ial in hot
eoncentrated hydrochlorie aeid to disselve ihe earbonates, hematite and wagnetite .-v
After prolonged drying {72 hours), the regidue was weighed ﬁim«szztlﬁf priow

to ecovbustion in a platinum erueible at approximately 1000°C, Pinal weighing
indicated that about 0.01% of the material was coubustible, & fact strongly
sugriestive that this percentage of the original material wvus of organie
nature, After final weighing a small avount of non-corbustible fm:er
resained in the erueible, Trestment with nitrie seid rowoved ouch of this
naterial, and thus it is theorized that sowe of the remaining naterial was
pyrite. +he uaterial remaining after nitric scid treatment may be inseluble
fluerite, formed by the reaction of hydroflucrie aecid with ealeiuw carbonates

See Chart 1 Yor further datailsa.

CHART 1

uineral ' Forpula Splubility
Chaleedony 5804 Spluble in i
Greenalite : wunwmgmmm%ilmam Soluble in #¥
Galelte .at.ﬁ;,w . Boluble in HCi :
Dolonite Calig{Chg)y Spluble in conme. HOL
tlematite Poy0g Soluble in conc, UC
Magnetite 4 FexOy4 Seluble in HCL
Pyrite ' FeSy Soluble in cone, NG
Fivorite {(nay be forved by: Cafy Insoluble

2UF + Cal0z = CaFy + Hp(03)
Weight of original vaterial: 27,4582 gne Percent of Uiwsoluble
' u.\mmzaiﬁ: 99 . 88595
Wedisht after HY treatwent: | 00,0312 gn. TFercent of Cl-soluble
wineralg: G, 0065%
Yeight after HCl treatmenty 6 08501 gn,  Percent of combugtible
naterial: .0961%
Fercent of m@w‘m*xwm

n‘g%@zkt wr ,%94&%3%%%% ?g " ﬁ?éﬁ%%‘y“ “'*‘i, -
f' (“mn-acmwustibin, - Pereent of ﬂ%};i!;% t:ibi&g; ki
] inﬁalui:ka naer wl) TIRE W " T insoluble matey :mi, D.0008%
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In addition, the writer has discovered that the floval microfogsils
of the assemblage, extracted frow the silicie metriy with hydrefluorie aeid,
which constitute the wmajor part of the combusiible residue ventioned above,

will eabsorb a2 Safranin~C stain, a stain ugsed on modern and ancient pollen

and thoupht to be abscrbed only by organie matter, Purther, vuch biochemigal

analyeis of the Gunflint micro-organism-bearing vaterial has besn done by the
x Ay 5

Jergey Gil Cowmpany. The results of this work, veported by Tyler, Barghoorn and
Harrett, uhy be summarised s followst

1) Various extractive and chrovatographic techniques dewonstrate the presence
of strongly piguented orgonic coupounds. :

2) Orgenie extractives shew strons fluorescence im VPSP 10t 1ieht, solublity
in both acid and base solutions, coler chunge with il change, relatively
featureless sbsorption spectra in the visible and U EFAVIC oy 156, and high
therwpal gtability.

5) The extractives are soluble in erganic solvents, and unsble to diffuse through
a dialyzing menbrane, ’

4) Absorptionm epectrophotonetrie wessurerents in both visible and Bitravielet
light indicate the presence of porphyrin or wetalloe-porphyrin couplexes.

: {Tyler, €t. ale; 1957),
3% should be noted that although the results sumarized above ave taken from
work dealing with an anthracitic veal frow o Precsvbrian shale deposit in
northern Michigan, it s stated in the article that substances “exldbiting
similer propertics, theugh present in swaller amounts,” have been seecured
frot the algel cherts of the Guaflint forvation (Tyler, et. als, 1957, pe 130353,

In addition, Barghoorn veports that degagsing of Gunflint maeterial vields

vethane and avovatie hydrosarbons (Barghoorn, personal cocmuniestion, Appil, 19635

MICROPOSSIL ABY
I g » Dhylogenic relstionships to any new found
The assigment of p?x yrof i 2

?,;'f:
o
]
5
fale
s
ol
Peta
o
]

fornidable task, but it becores wmuch wove dif ieult when the naterisl is of

such entiguity as is the Jun’lint assevblage. This dificulity arvises [row the

Tact that the vost reliable method of detervining such relationships is te compare
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the fogeil forms with ,.xi.mx}.ar edern lorms in order to arrive at a maécmbié
conelugion regarding the affinitics of thﬁ é@&@i& materiale -zzmwer,

1900 miliion y«;zzv*s is an extresely long peried of tive in which mvkm

the mechanisms of ewolution &t “o?“‘h and it would beé remarkable, iﬁéeac},

if any of the Cunflint organisss eould be placed with gertainty in‘any existing
genera oY perhaps families, In addit :.m,, although the pmsﬂr'vatiom is

vnesually disiimt, mﬁ&uﬁh of ths fine éﬁ? tail Lms boon lost, pg,mag;qs becavse

.x:{“ the dehydrationwcontraction of the » '*%rm, te meke detdlled car:»..warwssn betueen
the ancient and related medewn forus very :i“a fmu?at. Henee, ;zez:.;mms:m of this
ctype is lisited to only the grossest of év@rphqlez;ica}; detail, Hinece this

vethod 15 not antirely satizlactory, & comparigson of the newefound forus

with xﬁwt' Tied fossil material of the save age would be desirable. ﬁ;zfc»rimnamly,
however, only seven photonierographs of members of the Gunflint assecblage

have been published (Butten, 1962, 15. E3=59), and thege include only tue types

of m:*gmiaxl:za which the writer hag aiwwsmmm tganination ¢f Barsbooen's

wnpubl isheﬁ-platéa has added three wore types, making a. total of five forns

about which the writer can vely on .t‘m judgenent of a wellwversed scicntiste
Congultation with other workers agquainted with organisus of the type found

has added helpful sugrestions and sueh inte-est, but nothing in a conerete

nature in terys of possible affinitics. In addition to other <difficulties

e

encountored, and perlaps wore impovtantly, the writerts own lack of previous
expmr:&c&ﬁﬂe in the sssignwent of phylogenie relationshipe te fossil naterial
has served as & severe bandicop, Thus, 4s was stated at the outset, the
eonclusions which are %o be dravn concerning the affinities of the feseil
agsemblage are neccssarily tentative snd are subject to alteration at a

later date.

| Gearing the nm obgservations in mind, then, the writer would tentatively

sugagast tixat the following types of m:*g;:mmm are present in the Guekl
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mgteriel studied:

%

In the Plant Kipgdon

1)} One merber of the Cyanophyts, member of the Oseillatoriscess,
perhaps covparable to certain verbers of the existing genera
Ugeilletoria or Lyogbva.

2} Tuo types of aguatie Ffungi (fungal tyre "A" and fungal type "B"),
baving structural features gowparable to thoge found in certain
existing Phyconycetes. '

- 33 é}“wwrma free ammmﬁk& be&wa, both sporangin and spores,
probably of fungsl erigin,

In the inival Kingdowi

1) Omey possibly twe twoes of radiclarisng; planktonie protescans usually
with on opaline siliceous skeleton.

23 Ome, possibly two *Ly\;az:z of coeslenterates, which nay be related to
the Oetogorallia.

3) One form poscibly sis wmr 'h:} the éxisting genus ;nsma Yo, a4 group
of planktonic caleareous varine flagellates of umeertain systenatie
position, probably related to the Coceolithophorides(Tyler and Barghoorn, 19543,
4) “One form which may be velated to the hystrichospheres, a group
. of spherieal organiers exhibiting nuwwerous hooked hollew npyfa radiating
v Evom the central sphere. The hystrichospheres have at variou ‘,:5;1‘ o8
' been considered radiolarians end deswid gpoves, and at pres ,g,nt are
usually considerad to be the re wmff ovst«like stage of unicellular
dinoflagellates i%mi@, 1960, p. 198). It i¢ noted that this wicrow
*«"am bears spines which appear sinilar to those present on soue existing
34 tinnmanm

In mamwn, mmmw z.z%c,wuimm of unknown poss iu!e: affinity, grouped undery
the wmorphologic i term “aﬁmwiﬁs,“ um:} elumps of humic matter of organimed
but undet imaei norphology, aré pwmnt.

DISCUSIIOR OF FLOBA
The {loral asseumblage consists of alpgal, fungal, and ilsolated sporew
- 1ike mevbers (Plate 1%, 1+3). The algal wewber is deseribed by Tylew and
" Dmpghoorn as éaﬂ:«: isting of “free, unbranched filavents, devoid of lwterporats

-

and spores, with filasents aprroxivately 1.5 nierons in dismetor” and is thought

by them to be couparable to “eertain species of the existing genera yyngbya

or Oseillatoris™ (fyler end Borghoorn, 1954)s All filapents fdentified



Cthe writer as belonging to this group exhibit a chapracteristie uneven
clunping of the waterial wii&iﬁ the £4lavent which the writer believes nay

be due to the coagulation of intermal humic material in an analogous manner

o the wayf in which migroscope slide: g:»mpamiﬁicm& of nodern algaﬁ gouetives
exhibit a clunping due to cytoplasmic coagulstion (Plate 1%, 4«0J¢ The fungal
mewbers ave of twe types, differentiated Ly the mode of attachuent of the
spore-Llike bodies, md less delinitively, by the diameter of the hyphae.
Fuagal type "A" is conpidered ﬁavba similar to the fungal type described by
Tyler and Barghoorn as consisting of "uanywbranched hyphee, aprarently nom=
septate, bearing swall laterally attached spoves,” and is thought by then

to exhibit structural features “comparaeble fo those found in certalin existing
Phyzamyﬁataa"‘i?ylar ané Bargheorn, 1954), Altheough frow the writer*s investigoetion
the hyphae appear to bronch eonly rérﬁly {Piate 11, 9-10J, the lateral.
attachment of &éail, segsaile, reticulate sporves which wmey exhibit horizental
and wertical suture lines, is well docuvented (Plate 113, i-7)s The hyphae

of fungal type “A" are approxinately 2.5 picrons in disweters Th xaticulat&
or ruguse sporeelike budies of fungal type "B ave attached to the hyphese by
short rvinged sto’ks (Plate I1I, 3-10) and ave thus probably ﬁpaxaagia rather
than sporess The hyphee of this fungal type are aprreximately 2 microns in
diameters 4 thin hypha attéqhﬂé to a termingl reticulate spore-like body

has been discovered and is interpreted to Le a gerninating sporangiospore
{flate 11T, 31~14)¢ possibly related to fungal type "I". DNunerous small,
isolated spores and sporangia, with well defined reticulate structure and
probably of fungal origin, have besn noted in all thin secticns of the chert
ﬁtuﬁimé (Plate 111, 15-107. Usually these bodies are rupbturedy indicating
either their place of attachuent to the hypha or thely sode @ﬁrspﬁra

dispevsal.
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DIGCUSSION OV PAUNA
The faunal rewbers of the assemblage congist of tne or two types of
radiclarisns, one or twe types of coelonterates, one micro-form thought to

be sinilar to members of the existing geuus Discogster, and one individual

thought to be related to the hyéﬁxieﬁasphﬁraaq The niewa*larm theuﬁhﬁ with
be related ko

nogt ascurance to/the Radiclaris e ﬁlbita a perforated central sphere from
whieh radiate segmented gpines (Plate V, 1»8}‘ slso visible is the suggestion
of  an outer capsule. Aiéhmuﬁh the smallest paleogoic radiolarian ia;a?praximatgiy
60 microns in the diampter of the central sphere (Poreman, H. P, personal
contwnication, May, 1965}, and the central spheve of this form is approxiuately
5 microne in diameter, It does not seem incéaeeivable_tm the wéitar that fomms
of this size could have been in existe nté at the tire of Gunflint depositions
The second form tentatively identified as a ra&imi&rian consists of a spinovus
body «ith biradial or pentrametal sysmetry (Plate 1V, Emé}ﬁ The spines,

which appear to be sheath-enclosed as they ewerge from the body, radiate
frow a central ring which may be the equivalent of the radiolarian’s

central spheve, It should be noted that although many radiolariens exhibit
radial sysmetry, spherieal and bilateral nembers are also known {Canpbell, 195&3«

The coelenterate menber is similar to forms tentatively identili eé

by Barghoorn as being wembers of the (oelenterata, and photoricrographs of
well defined imdividuals will appear in his fortheoming article, Figuve 2

is a drawing nade from his photographe and shows the salient characteristics

of this forme Tﬁa form consists of a reticulate capsule connected by a
£ilamentous strend to a fﬁu&“ﬂﬁaus body with tetrametsl symmetry, Well defined
radiating projections are visible, snd it is thought by Barghoorn that these

may be radial cmals. The prewvalent eight-fold syumetry of the wevbrancus body

and the shape of tht cupsule suggest that i€ this Corm is 2 coslenterate it
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Plgure 2

Organisn identified by Dre Rarghoorn ag probelly belonging

to the Coclenterata, Mete retienlate capsule connected

by a filamentous strand to o nembranous body with tetrometal
symmetrys OUotted lines indicate pesition of well defined
radiating projections, theught to be radicl conals, This
nigco-forn may be related to the Octocorallia,  Howevery
prall size and reticulate naturve of the capsule &wgﬁ .
the writer thet it way be related to the fungal venbers of

the Gunflint asseublage, (See Plate V, 9=17, ‘or photo-

nierographs of siviler organis g.)

O 10 20 30 40 50

| \

microns




m&y'@m related to the Uctoeerallia, The individusla discovered by the
writer demongtrate all defining chovacteristics of Barghoorn®s prototype,
although the tetravetal symmelry of one individual secems to have been
destroyed in dlagencsis (Plate ¥V, 9-17)e The Tget that the tvwo vembers of
this gﬁﬁﬁ?lﬁiﬁﬂﬁVﬁﬁéd by the writer differ markedly in size is suggestive,
#lthough Tar from conclusive, that they nay be twe diffevent types of
coclenterates. However, the small size of the organisus, as well as the
shape and reticulate nature of the capsule, lead the writer to wonder if
this form may have cloger affinities to the fumgal menbers deseribed above
than to the Coelenterata.

Two individuals, thought possibly to be related to Discoaster are
present in the assemblage (Plate IV, 15-23). Doth individuals demonstrate
thatacteristics covwon to the genus which are as follows: a discoidal body,

batween 2 and 30 nicroms in dilameter, with variable symnetry determined

by the nusber of projections usually radiating frow a centrzl ring. It

should be nmf?d/aé; individual pictured (Plate IV, 15-19) i{s comnected to
clunped ovganie nmaterial of unﬂafiﬁéﬁ vorphology, and it is possible that
this waterial may be the rewmains of the capsule uentioned above as being
characteristic of tle ceelenterate vewbér of the assenblage. Thus, this
individual ney possibly belong to the coelenterate group rather than be
related to ueubers of the gemus Discoasters

-

Uystrichospheres way be characterized ns exhibiting a2 sphevoidal smooth

2

body, usually 40«60 microne in dismeter, from which ewerge numercus hooked,

&

hollow spines. It is sovevhat questionable whether the individual terned

"Hystrichosphere (?)" in the assenblage is a venber of this group, but possible

o

# to other groups appear even nore rvewmote, The individual discovered

exhibits & spheroidal veticulate bedy through whieh pairved, segmented projections,
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having knobby ov curled-back ends, ewmerge via vaised openings (Plate IV, S-14),

It has been suggested to the writer that the curled ends of the paired

#

projections is & fpature similar to that exhibited by certain existing chitinogoans,
altheugh the body ig dissinilar to known Zorus {Oroas, Al personal comounication,
May, 1963).

DISCUSIICR OF PROBLEMAT

IOA
In addition to those wewmbers of the assemblage for which affinitics
have been suggested, several forms have beem noted for which possible affinities
ave unknown, The most numerous of these are these forme which uay '% grouped
under ‘he vorpholog *ica-zl tern “astet ofds." 1In general, these '*aai.cwma"
exhibit segrented fi Zamnm of variable number radiating irregulerly from
a central structure of unde’ined merphology(Plate ¥V, 18-25), Frow a consideration
of the size zmé structure of the £ilments it seems wost probable that
these forms way be z;*e‘iamc} te the floral venbers of the asseublage, In additilong
large clunps of hus ic materlal whieh appeor to be vt‘g:ém‘.zs:ﬁ* as evidenecnd
by their reticulate matute, but which exhibit undefined wnorphology, are
pregent in the nﬁ“i'i g; (}“L*te Vs 26=27)s
| EUMARY ABD OONCLUSTONS
Although the diseowvery of ngarly two-bill i@ﬂ-year-czl&, structurally

praserved micvoworganisns occurring in the Gunfl! nt formation of sout hen

Ontario was made in 1952, & liuwited awmount of data hes been published dealing
with the paleontological aspects of this unusuzl deposit, ‘E‘zm paper sunnarizes

the resulis of a prelic izmry and somewhat cursory investigetion inte several
related problens associated with this Precambrisn wierofossil asseublage.

- Converging arguvents suggest that the algel emd fungal wembers of the
assenblage grew in thinble shaped nmagses in a shallow, varine environuent
uwhich constituted ol owiended arn of the sninikie ses. Acidig, silicin

cwakerialy probably derived frou volcanie activity ond corried in o fLinely
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divided geolleidal state, permeatad the interstices w. e [loval nats,
encasing then in vier~wgrystslline quartz which, upon lithification, Lecare

a thin chert layere It iz well established thet the uicrow-forms reporied

to be present ﬁﬁ “he wmaterisl arey in fact, indigenous Lo the deposit.
Furthor, from bBiochenmical snalyses aﬁé an ash deterninatiom, there can be
little doubt ﬁhﬁt organic matted is present in the chert. In addition,

the faot that the flgrai members of Che assenblage absord Safr&ginwﬁ &tdiﬁ‘
is strongly sugpestive that they sre biogenic in natuve. Morphelegy sivongly
suggests that a wariety of faunal wembers are present. Purther work must be
done, not only te discover a grester pucber and voriety of ulcro-organisss

in the deposit, but to establish, perhaps with the aid of the petrographic

picroscope, the nature of the skeletal waterial present by which possible

&

fEinities of the founal wenbers of the assesblage way be move strongly

infarveds



411 photographs taken of waterial in thin section

with trangmivted Lights



Section through spherite-filled cavities showing downward bend

of mycelial mats on sides of cavities, See Figure 1 and text

for discussion of interpretation,

e Edge of cavity meeting mycelial mats; X 35.

25 Bottom of cavity with mycelial mats crossing cavity; X 35.

Spherite with greenalite core surrcunded by alternating concentric
layers of hematite, magnetite, and/or chalcedony; dehydration-
contraction crack visible in core; X 125,
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PLATE 1T

1=2 General view of floral assemblagej algal, fungal, and spore-~
like bodies visible; both, X 280,

> Same as 1 at higher magnification; spore in early stage of germinatim
is visible in upper right-hand quadrant; X 440

4=-8 Free,unbranched filaments of algae, devecid of heterocysts and
spores, thought to be similar to species of the existing genera
Oscillatoria or Lyngbyae
4,5 Clumping of material within filament is thouzht to be
due to coagulaticn of humic materialy X 1175,
PIATE 1II (cont.)

647 Same filaments as in 4 shown at lower magnificationj
X 1080,
By Algal filaments are shown; X 1080,
9-10 Branched, apparently non-septate hyphae of the type bearing small

sessile laterally attached spores (fungal type "A") thought
to be similar to certain existing Phycomycetes; both, X 1080,
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PLATE 1II (cont.)



PLATE ITI

1-2 Hypha of fungal type "A'" with attached sessile snore; vertical
and horizontal suture(?) lines visible on the reticulate spore;
both, X 108C,

3w Hypha and laterally attached sessile spore of fungal type "A", and

hypha and stalked sporangium of fungal type "B".

3¢ Detail of fungal type "B" hypha is shown; X 1080,

4 Reticulate nature of fungal type "B" sporangium is shown; X 1030,

Bs Rugose nature of fungal type "B" sporangium and stalk of
sporangium are showmgy X 1070,

6, Stalk of fungal tyne "B" sporangium and reticulate nature of
fungal tvre "A" sessile spore are shown; X 1080,

75 Detail of fungal type "B" sporangium stalk and hypha, and
reticulate nature of fungal type "A" sessile spore are shown;
X 1175,

PLATE ITI (cont.)

8-9 New Form. Stalked sporangium and hypha of fungal type "B".
8, Reticulate nature of sporangium is shown; X 1080,
9, Section through sporangium showning cross-section of

stalk; X 10820,

10-13 New Form. Germinating fungal sporangiospore and hypha.
10, Thin hypha and finely reticulate spore are shown; X 1080,
11, Same hypha and spcre as pictured in 11 at slightly decper
focus; X 1080,
12, Cross=section through spire shuwing atitachment to thin hypha;
X 1080,
15, Thicker area of spore (part of mother sporangium?) visible

on underside of spore; X 1080,

14=18 Free, reticulate spore=like body,
f’l@, Reticulate nature of ruptures spore=like body is shown; X 1175.
15, Cross=section through sane body as in 14 is shown; X 1175,
16, Reticulate nature of underside of same body as in 14 is shown;
X 1175,
17, Same as 14, at lower magnification; X 1020,
18, Same as 16, at lower magnification; X 1080,
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PLATE



PIATE  III (cont.)



PLATE v

1-4 New Form. Radiolarian (?), Hystrichosphere (?). Spinous body
with biradial, pentrametal symmetry. Note: "filament”™ which
appears to be attached to spinocus body is an artifact of preparation.

1 Spines radiating from body are shownj; biradial symmetry is
suggested; X 1175.

24 Detail of spines radiating from sides of body is shown;j
spines appear to be sheatheenclosed as they leave body;
X 1175.

By Spines radiating from body are shown; X 1175,

4, Detail of the central areca showing projections radiating

from central ring suggesting pentrametal symvetry; X 1175.

5«14 New Form. Hystrichosphere (?), Chitinozoan (7)., Spheroidal
reticulate body with paired projections having knobby or curled
ends emerging from body throush raised openings. '

5,9 Six pairs of projecting spines are visible at varying depths
on the spheroid; 5 X 1175; 9 X 1080,

6,10  Segmented projections with knobby ends, one pair ol which are
wel! curled back from one another, are visible; 6 X 1175;
10 X 1080,

11, = Reticulate nature of sphercid is visible on raised opening;
X 1080.

7,12 Detail of segmente: paired projections with knobby ends is
showny; 7 X 1175; 12 X 1080,

8,13,14 Reticulate nature of spheroid is showmy 8 X 1175;

13, 14, X 1080,

PIATE IV (cont,)

15=19 Discoaster (7), Coelenterate (?)., See text for defining characteristics.
Disceidal body with radiating projections connected to organic
ciumped material,
15, Discoidal form showny; X 1175,
16, Two radiating projections and connection to organic clumped
material visible:; X 1175.
~17,18 Same as 16, shown at deeper focal depthsy; X 1175,
19, Five radiating projections shown; X 1175,

20=23 Discoaster (?). Discoidal body with radiating projections.
20,21 Disceidal form and four poorly defined projections shown;
both, X 1175,

22, Four projections radiating from central area of disc are shownj
X 1080,
25, Four projections radiating from central area and reticulate

"webbing" between two projections are shown; X 1080,
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IV (cont.)

PLATE



9-15

16=17

PLATE

18-25

26=27

PLATE V

New Form. Radioclarian (?)., Radially symmetrical body with

perforated central sphere, radiating segmented spines and the

suggestion of an outer ecapsule.

Ly Radial symmetry is shown; X 1080,

2-6, Perforated eentral sphere and suggestion of outer capsule
visible; X 1080,

7,8 Detail of segmented, radiating spines shown; X 1080,

Coelenterate (?). Reticulate capsule ccnnected by filamentous
strand to membranous body of tetrametal (?) symmetry. See text
and Figure 2 for discussion of Coelenterate characteristics.
9,12 Reticulate capsule, connected by filamentous strand to
membrenoys body, is showny; 9 X 1175; 12 X 1080,
10,13 Reticulate nature of capsule is shown; 10 X 1175; 13 X
11,14,15 Irregular symmetry of membranous body is shownj
apparently in digenesis the tetrametal symmetry
has been destroyed; 11, X 1175; 14,15 X 1080,

Coelenterate (?)es Reticulate cansule connected by filawentous
strand to membranous bedy with tetrametal symetry.

164 Reticulate nature of capsule and connection to membranous
body are shown; X 1080,
17 Tetrametal symmetry of membranous body shown; X 1080,
V (econt.)

7~

New Form, "Asteroid" A morphological group of unknown affinity;
segmented filamenis of wvariable number radiating irregularly from
central structure of undefined morphology.

1080,

18-23, Varying focal depths of the same "asteroid" showing segmented

irregularly radiating filamen's; 18-20, X 1080; 21-23, X
24, "Asteroid" similar to the individual pictured in 18-23;
segmented nature of the filaments, however, is less clearly
defined; X 1175.
25y "Asteroid" similar to that pictured in 24, but of smaller
size; X 1080,

New Form, Large clump of humic material of organized but undefined

morphology.
26, Undefined morphology shown; X 1080,
27, Organized, reticulate nature of material shown; X 1175,

1175,
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Vv (cont.)
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