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"There is no necessary connection between the size
of an object and the value of a factesoethough the
objects I have described are minute, the conclusions
to be derived from the facts are great."

"One geologist remarked to me, 'Sure every geologist
now agrees in principlé that there are facies, but
the difficulty is in getting some of these fellows
to admit that there are facies in some set of beds
on which they are working®."

P, Be King (19,4.9, Po 166)
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ABSTRACT

In the Ottawa Valley, the Ottawa Limestone Megagroup can be
subdivided into the Black River Group (in ascending orders the Pamelia,
Lowville, and Chaumont formations) below and the Trenton Group (Rockland,
Hull, Shexman Fall, and Cobourg formations) aboves The megagroup is of

Middle Ordovician age, lying approximately withiri “the Wilderness and

Barnveld (= Trenton) stages.

The Ghaumont Formation and adjz;nex;xt gtrata were s’r:udied in
detall for 130 miles along the Ottawa Valley. In the eastern region
(Hawkesbury to Ottawa), the Chaumont and lower Hockland formations are
characterized by fairly uniform, thick-bedded to massive calcarenites
(poorly washed pelmicrites and biopelmicrites)s, The underlying‘ Lowville
is primarily of médium-bedded caleilutites and calcisiltites (micrites
and pelmicritesj with a 3-5 ft. Tetradium-bearing unit at the tops In -

the western region (Ottawa to Pembroke), there is considerably more

variation in the Chaumont lithologies - most of the carbonate textural
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spectrum being representeds’ In particular, interbedded micrites and

¥

pelmicrites (typical of the Lowville) indicate that three minor regressions
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occurred within the overall tranagreséion during Chaumont deposition in

TS

this regions The final minor transgressive phase is characterized by a
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(lower Rockland) succession of medium- to thick-bvedded, frequently cross-
stratified, coarse calcarenites and calcirudites (intrasparudites and
biosparudites), some 50 ft. thick in the west and wedging out eastwards
Just west of Ottawa.

The Black River Group and lower Rockland Formation are closely

analogous to most modern shallow bank carbonate sediments in facies ﬂ




113

distribution, grain-types, sedimentary features, fauna, and energy regimes. -
The Pamelia and Lowville formations are regé.rded_ as originating as shallow-
water, restricted, lagoonal sediments with the Ghaumoﬁt representing a

mora open bank enviromment in a slightly higher energy regime. Thg lower
Rockland calcirudites are considered to have been local, moderate to

high ehergy, ehbal bankse -All four formations are thought to be essential~

1y lateral facies equivalents of each other and hence on a regional scale

diachronous.

The Chaumont and adjacent strata were closely sampled at 25 .
localities and the conodont fauna obtained from the three westermmost
sections is systematically described. Of the 63 species representing 23
genera described, 10 species and one genus are new - all Neurodontiformese
The fauna does not chénge significantly in generic composition laterally
within the Ottawa Valley, although the Chaumont fauna from the tjpe area
(Watertown, New York State) is rather impaverished.

In the eastern region, a marked vertical faunal change occurs
#pproximate]y at the arbitrary Ghaumont-Rocklend boundai'y and becomes
stratigraphically lower eastwards (with respect to the Lowville~Chaumont
contact)e The higher (Rockland) fauna occurs at only one locality (at
Pakenham) in the western region. Here, the faunal change occurs in the
Ohaumonf, only a few feet above the Lowville~Chaumont boundarfr; and
depogition on the flanks of a now=buried Precambrian monadnock is postulat= '

‘ede In each case, markedly diachronous lithofacies are indicated.

The Chaumont conodont fauna, compared to other Middle and Upper
Ordovician faunas, is of North American midcontinental aspect, related

to the faunas of the eastern faunal subprovince, and closest to the
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Plattin Formation conodonts of Missourie It is placed within the known

evolutionary sequence of Middle and Upper Ordovician conodont faunase

The provincialism and subprovincialism of the Middle and Upper
Ordovician conodont faunas appear to be a reflection of clima£ic control,
faunal migrations being initiated by shifts of climaticvbelts. A bio=
facies anal&sis of +the wéeternmost faunal collections indicates that
paleoecologicai‘controla were dominant in producing differences in populat-
ions from a;ea4to~area and sample-to-sample (microfacies-to~microfacies).
Post-mortem effects on conodont redistribution are found to be insignificant
with currents weaker than those in the upper lower-flow regime., The most
favoured habitat of the conodont=bearing organism is descfibed; evidence
is againat a burrowing mode of life. High salinitiés,lasaociated'with
relatively high temperatures and pbor circulation, are shown to be de-
trimental to the conodont-bearing org#niam; producing low populations of
poor variety which were, at times, possibly dwarfed. In the envirorments
studied, these seem to be the only conditions which greatly affected the

generic composition of the assemblages,

Seven dlstinct groups of phosphatic incertae sedis are system-

atically described, most seemingly for the first time, and their sig-
nificance discussad; some may have close biological affinities to
conodonts. A partial biofacies analysis alsoc shows that most of these

groups have the same preferred habitats as conodonts.
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CHAPTER 1
INTRODUCTION
Purpose and scopse
This is a study of the conodont faunas of & formation in the
Ottawa Iimestone Magagroup with particular attention given to the faunal

variations, and with speciel reference to conodont palsoecologye

The Chaumont Formation was chosen, because it is fairly thina
(25-35 fte) over an extensive area and laterally tracesble, Prior to the
selaction of this formation, spot samples from most of the other formations
within the megagroup were used to check conodont yields and some strat-
lgraphic problems were discuseed with Dr. B. A« Liberty, Geological Survey
of Canadas The formation was studied over about 130 mlles betwsen
Hawkesbury and Pembroke in the Ottawa Valley (see fige 1). More than 250
samples (ave weights L lbes) from 25 straﬁigraphic sections were used in
the studye

The conodont fauna: from the three western localities is - systamat-
ically described and the faunas of the other sampled areas compared with
ite Both the paleontologic and stratigraphic significance of the fauna are
cohsidered in detail. A4 bilofacies analyels of the fauna reveals the factors
involved in the lateral and vertical distribution of the conodonts. Prime
consideration is given to the paleoscological and post-mortem criteria
affecting the corodonts and the conodont=bearing organiseme

In order to elucidate the enviromments of depoaition,' and hence
conodont habitats, a detailed field description was made for each section,
. enabling the facies pattern to be determineds The enviromments suggested

by these facies are further investigated with a petrographic study of the




CHAPTER 1
INTRODUCTION
Purpose and scope

This is a study of the conodont faunas of a formation in the
Ottawa Limestone Magagroup with particular attention given to the faunal
variations, and with special reference %o conodont palececclogye

The Chaumont Formation was chosen, because it is fairly thin
(25-35 £te) over an extensive area and laterally tracesbles Prior to the
selection of this formation, spot samples from mest of the other formations
within the megagroup were used to check conodont yields and some strat-
igraphic problems were discussed with Dr. B. A. Liberty, Geological Survey
of Canadae The formation was studied over about 2%0 miles between
Hawkesbury and Pembroke in the Ottawa Valley (see f£ige 1). More than 250
samples (ave weights L 1lbs.) from 25 atraﬁgraphic sections were used in
the study.

The conodont fauna: from the three western localities is - systemat-
1cally described and the faunas of the other sampled areas compared with
ite Both the paleontologlc and stratigraphic significance of the fauna are
considered in detail. A biofacies analysis of the fauna reveals the factors
involved in the lateral and vertical distribution of the conodonts. Prime
consideration is given to the paleoecological and post~mortem criteria
affecting the conodonts and the conodont~bsaring organisme

In order to elucidate the enviromments of draposition,' and hence
conodont habitats, a detailed field description was made for each section,
. enabling the facies pattern to be determined. The enviromments suggested

by these facies are further investigated with a petrographic study of the




limestones, an analysis of the sedimentary features, and a comparison of

“all these parameters with modern carbonate environments.

During the course of the conocdont investigation, a variety of

phosphatic incertae sedis was: encountered. Because they sppear to have
p'oaeible'bi.ological affinities to conodonts, they are also systematically

described and a partial biofacies analysis attempted.

The study has discovered a number of paleoecological controls
upo;1 the conodonts. Very little is known about conodont paieoecology and
this knowledge must be forthcoming to evainate properly their role as index
foseiln.‘ The faunai'déecription has contributed to knowledge of conodont
faunal sequences in the Ordovician, which will ultimately allow a zonal
scheme to bs erecteds Further extension of the systematic palsontology is

plannsd in the near fubture.

i’revious reaearch _

The stratigr#phic sequence and faunas of the Ottawa Limestone dre
desoribed by Wilson (1946, 19k6b, 1okbo, 2047, 19L8, 1951, 1956s, 1956v,
1961), Frits (1957, énd in the Ottawa-Bonnechere graben (Fourth Chute -

‘Pembroke area) by Kay (1942)e In particular, Wilaon (19h6a) includes a

useful hiator(y. of earlier reaeamli and bibliographye A1l formations within
the megagroup have previously been regaidbd as esgentlally chronoaigratigraphic
unitse No recognition of lateral facles changes has been made, nor any
interpretation of sedimentary envirommentse. GCarbonate petrographic studies
have not been previcusly undertaken, and only Uyeno (1965;Hm Formation

conodonts) has investigated some of the conodont faunase

Field work
This study began in Beptember 1961, the field work taking place
primarily during the summers of 1962 and 1963, although the close proximity




3
of the area allowed many additional shorter trips. The Black River~Trenton
standard aect:iom between Watertown and Ingham Mills, New York, were w
examined with Mre T. Te Uyeno, Geological Survey of Canadae Shorter field
excursions in 3.W.Ontario and the Montreal arsa allowed further comparison
with the strat:lgraphic correlatives.

A weekto viéit, in July, 196k, to Ohio State University enabled
exgmination of the Ordovician conodont collections there and extremely
valuable discussione with Mre T.J.M.Schopf, Dro 8.M.Bergstrdm, and Professor
W.CoSweote Mre T.T.Uyeno also kindly allowed examination of the Hull

"conodont collections.

Physlography and structure of the area studied

The ground examined within the Ottawa Valley is relatively flat=
lying with low ridges of faulted limestones or Precambriau metamorphié
rockse Most of the region 1s covered with a markedly variable thickness of
glaclial deposits, especially lake clayse Further details of theze aspects
are pregented by Chapman and Putnan (1951)e Good expesures of the Ghaumont
are restricted to roadcuts.,and quarriese The region' atudi‘od, beﬁraen |
Hawkesbury and Pembrokn,' is woll serviced by paved and airt roads.

The area lies along the northern edge of the Ordovician basin in
the Ottawa<8t, Lawrence lowlandso It has been affected by extensive faulting
and minor flexuring in the Tertiary (?) which produced the Ottawa-Bonnechere
grabene Wilson (1946a) and Eay (1942) both present maps of fault patterns |
and ingclude additional comments.
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CHAPTER 2

FIELD AND LABORATORY PROC:EDURES
Field proc sdures.
Most of the outcrop area of the Chaumont wes examined and the
.best sectlons exposed were studied in detaii. Ai". each hcaﬁty, each bed,
“including the uppermost Lowville and lowermost Rockland unite » were described

and measured to the nearest inch, excepting the shale inter-beds which were
taken to the nearest quarter-inch.

The writer collected selscted single-samples rather than continuous
vertical samples in order to examine the implications of enviromment upon
the conodont assemblages. These being obtained from the uppermost Lowville
and lowest Rockland wherever possible and close to these boundaries within
the Chaumont, the remainder were secured at sbout 2-2% ft. intervals, more
or 1aas equally spacede As many different 1lithologies ae possible were

sampled; the study does not require rigid random sampling methoda.

Laboratory proc sdures

a) Treatment of samples and concdonts

All samples were broken into walnut-aize fragme.ts, exsept for
a hand-apecimen of each. The frogments were then digested in 10%~15%
acetic acid (commercial grade); morochloracetic acid was tried over a period
of four months, but "very 1little digestion occurreds Because of restricted
space, small plastic boxes (12 x 5 x 6 ins.) were uaeci, with an averagse of
eight changes of asid (twice weekly) per sample being required for camplete
digestions Acid changes were made with siphons to minimize loss of sediment,
yot allowing maximum drainages

The insoluble residue was wet sieved and the - 20/4140 fraction




retainsd. After drying, the ‘reaidues were passed  through bromoform (ap.

gre 2¢8)e The light residue was saved and the héavy residue was run through %
a Franz iesodynamic magnstic separatore A sett':i.ng o£~5° forward and side

slope with a current of 1.5 amps. was found to give maximum separation

without bringing the conodonts into the upper channel. This nas faster than
assessing the various settings suggested by Dow (19b0). In gemeral, the

heavy fraction was split by at least half, thus saving time in hand picking.

To reduce the possibility of breakage, a paper "slide" was fitted into the

lower collecting buckete IFinal picking was maci; on a‘holed squared tray

with a fine sable=hair brush; mounting wae with the ég,id of Tragacanth gum.

The hand-specimens retained from each sample gave a record of the
uthélogies and allowed thin-sections, acetate peels, and etchings to be
mede when desireds Thin sections were produced by the departeent technicians,
in particular, those of the Bahaman carbonate sands by Mre M.JeJackason

Those photographe taken in the field were printed by the writer -
nearly all from Kodachrome slidese The photamicrographs and the plates of
conodonts were also produced by the writeres This was accomplished with a
Cooke, . Troughton, and Simms Research Polarizing microscope and (pin-hole)
benoﬁa camera using Ilford FP3 cut-film. In the conodont photography, &
leitz objective (x302) lens was usede




CHAPTER 3
STRATIGRAPHY AND SEDTMENTARY FEATURES

INTRODUCTION

The Ordovician System 18 represented in the Ottawa Valley by some
2,200 fto of sediments that have been described by Wilson (1946a) so that
only a brief summary need be given here. Table 1 illustrates the aeciuence
of chronostratigraphie and lithostratigraphic units. Lower, Middle and
Upper Ordovician Formations are present, but bbecause of periods of non-
deposition and erosion, some stages are not represented. Shoreline
fluctuations, 1t is thought, gave rise to many different lithologles, with
deposition within several contrastiné enviroments. Neaﬂy all forﬁatiom,
however, seem to have originated in shallow marginal, or epeiric seas wifh
many aspecte of sedimentation influenced or controlled by the éurrounding
positive areas; the Frontensc Axis, Beauharnois Anticline, “Adi.mndaclda." R
and probebly the Shield area directly north of the Otawa =~ St. Lawrence
lowlands (see figs. 1,3)s A8 a result of marine fluctuations, many formations
are solely distinguishad as particular lithofacies and are likely to be time-

transgressive,

The oldest Ordovician formation is the ﬁepean Sandstons, éemral‘.ly
a cleanr-washed, well sorted and cemented;, orthoquartaite. This i1s correlated
lithostratigraphjnaﬂy with the Upper Cambrian Potsdam Sandstone of New
York, but in Ontario it seems more likely to be of Beekmantown age (Kirwan,
196%). These sandstones grade upwards into impure carbonates (mainly
dolomites) - the March and Oxford formations. A Beekmantown age is confirmed

by the meagre fauna present in the carbonates.

The overlying Aylmer Group, bounded above and below by unconform-
ities, is composed of shales and siltstones with interbedded sandstones,




Regional setting of thesis area and location of st.ratigraphic
sections studied in detail,
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8
often of a lensing character, (Rockcliffe Formation); the upper part being
predorinantly shaly and dolomitic limestones (St. Martin Formation). m
Hofmann (1963) correlates this groué with the Chazy Group of Southern

Quebec and discusses the assoclated problems of chronostratigraphy.

Above the Aylmer lies a contimuous sequence of limeatones - the
Ottawa Limestons Megagroup= which can be divided into seven formationse
These grade wpwards, via the Eastview Formation, into the fime clastic
rocks of the Utica Group and the following Carlsbad, Russel and Queenston
formations. Derived from the east and south-éaat, these fime detrital
rocke represent the clastic wedge formed as a consequence of the Taconic

Orogeny. Black shales are lowest in this clastlic succession followed

upward by grey shales with some interbedded dolomitic limestone, and red
shales.

With the possible exception of some of the red shales, the local
Ordovician strata appear to be of marine origine No previous detailed
sedimentological studies have been conducted on any of the Ordovician

formations within the Ottawa Valley and the depositional environnente of
many remain obscuree.

STRATIGRAFHIC NOMENGLATURE -

Most publications concerned with the Ottawa Limestone have been
imprecise in their etratigraphic nomenclature and the distinction between
lithostratigraphic and biostratigraphic units has been especially vague.
Table 1 shows the terminology and classification adopted here.
Becauée of the fluid nature of Ordovician classification, especially with

respect to time, some explanations are necessary.

In recent papers on Ordovician chronostratigraphy (e.ge Twenhofel




Series
Subseries
Megagroup
Group

Stage
_Formation

QUEENSTON

Richmond
. RUSSELL

Mayaville CARLSBAD

BILLINGS
EASTVIEW

. Eden UTICA

Cincinnatian
]

Barnvald ’ COBOURG .
SHERMAN FALL
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HULL

i BOCKLAND

Wilderness
. CHAUMONT
BLAGK _—

RIVER

OTTAWA LIkisSTONK

Mohawkian

LONVILLE

Champlainian

PAMELIA

\ ST. MARTIN

Marmor AYIMER
ROCKCLIFFE

t Chazyan

o v = = -

OXFOR:

"Beekmantown"
MARCH

Canadian

NEPEAN

TABIE 1

Ordovician chronostratigraphic and lithostratigraphic nomenclaturé R

Ottawa Valley. ' q




et al., 195k; Cooper, 19565 Eay, 1958, 19603 Bexrry, 1960), differences

between the proposed subdivisions are marked. Many other papers on this

subject are restricted either stratigraphically or geographically (e.g.
Flower, 1957; Fisher, 1962; Templeton and Willman, 1963) and it is clear

| that the problem is still very much in a state of fluxe Thus, the chronostrat-

igraphic unite aciopted herein are those which appear to be most meaningful

to the Ottawa Valley sequence rather than to the Ordovician as a wholee

The classifications of Fisher (1962) ard Templeton and Willman (1963),

developed from work in New York and I1linois respectively, are the most
useful in this reespecte

The Champlainian is used herein as a series of the Ordovician,
with Chazyan and Mohawkian as subseries. The stages proposed by Eay (1958,
1960) seem far too refined for the present methods of tims correlation and,
hence, those proposed by Cocper (1956) and modified slightly by Fisher (1962)
are f_avoured. Actual placing of these stages within the rock sequence of
the Ottawa Valley is beyond the scope of the present studye

Subdivision into lithostratigraphic units is the easier because
of the inore tangible nature of the criteria. Much argument exists, however,
a8 to the correct status of certain units. Many authors agree to a group
status for the Black River and the Trenton so it 1s logical to refer to the
Ottawa Limestone as a megegroupe Swann and Willman (1961) defined the
Ottawa Limestone Megagroup; however, the term is at variance with that
proposed by the International Subcommission on Stratigraphic Terminology
(1960) which recommends the term supergroup. Swann and Willman present
cogent reasons for this deviation which is followed heres Their definition
(ops cite, pe 4TB) of the Ottawa Limestone Megagroup iss

"We extend use of the name, in the form of the Ottawa q
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Limestone Megagroup, to the entire body of Ch lainian T ——
(Middle Ordovician carbonates, lyingdgn eanif;?;ones, m
sandy shales, or sandy dolomites usually referred to as i
the St. Peter, Glemood, Simpson or Aylmer, and lying

beneath ehales of Cincinnatian (Upper Ordovician) or of

late Ghamplainian age." That is "...it includes the

equivalents of seven formations of Black River and

Trenton rocks recognized in New York".

Calvert (1964) has spplied the term Ottewa Limestons Supergroup
to the Simpson Group carbonates as well as the Black-River - Trenton

limestone sequence.

The Chazyan strate are herein termed the Aylmer Group (called
the Aylmer Formstion by Raymond (1905). Cooper (1956, p. 17) gives it a
formational rank because its component unitss the Rockecliffe and Ste
Martin formations "are partial facies of each other and would be better

congidered as members of the Aylmwer formation". This, however, does not

seem to be a valid reason since, for example, 1maxv of the higher limestone
‘formations appear to be partial facies of each other, yet are obviously of
formational rank and indeed are so credited by Cooper himself. Calling these
units the Chaszy Group allows confusion with the aub-series“term and, moreover,
the strata represent only a part of the Chasy Groﬁp of Southern Quebec and
the type area (Hofmann, 1963) and correlations are uncertaine

The term Black River (Vanuxem, 1842, p. 2Lk) had a variety of
meanings and definitions during the latter part of the last, and the first
part of the present centurye Méinly through the studies of Kay (1929, et
geq.) and Young (1943), the Black River Group is now restricted to include
the Pamelia, Lowville and Chaumont formations, all being defined from
iocalitiea in north-west New York State.

Likewise, the Trenton Group has had varied treatment and Kay
(1937, pe 237-2L9) reviews in detail the nomenclatural history of the
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Mohawkian components. He (ibid.) defines the Trenton Group as including
rocks younger than the Chaumont Fomatioﬁ and older than the Gloucester |
(Holland Patent)o Some ‘diaagmemant exists as to the position of the top

of the Trenton Group. The Utica black shales are lateral facies equivalents
of the Cobourg limestonss and hence many authors have favoured grouping

them together as a single grows In dealing strictly with lithostratigraphic
units, it seems advisable to class the distinctive Black shale formations as
a /group and place the top of the Trenton Group at the top of the limestone
aéquance. This is the logicai proc.;edure héving defined the top of the
megagroup at this level. |

}

Legs controversy exists over the units given formational ranke
The actual location of boundaries of these formations, however, is often
daifficult and open to personal interpretatione The Trenton formations are
those used by Wilson (1946a)s MNore recent work on the standard New York
secf:ions_has greatly refipéd the stratigraphy of the Trenton Group and the
formational naniea of'i?pckland, Hull, and S8herman Fall have largely been
- replaceds Untll corresponding work is done in this area, it is felt best
to adopt- these subdivisions herein.

| OTTAWA LIMESTONE MEGAGROUP

The prssent study is primarily confiqed to certain features of
the Chaumont formation; the writer has, however, .spent considersbls time
examining the other formations of the megagro@ in an attempt to understand
enviromments of deposition. In certain cases, groups of formations may be
faciea equivalents and it is necessary to eppreclate the sedimentological
features of associated formationa. The following part of this chapter will,

therefore, be devoted to the maln features of each formatione




The thickness of the megagroup is estimated at 690-700 ft.

(Wilson 19k6a, 1956). A.recent bore-hole at Ottawa was cored by the
Geological Survey of Canada, under the supervision of Dr. B.A.Liberty.
The results, when published, are likely to show discrepancies in the
previously published thicknesses, together with a possible stratigraphic

revision. Most regrettably, the writer has not been granted permiésion to

examine the core.

The limestones exhibit a variety of facies, of which one tends to
dominate a particular formation; thus, it is possible to map formations

using gross lithology, but the placing of formational boundaries on purely
lithologic grounds, is often arbitrary.

When one 1s unable to use gross lithology, as at a small exposure,
even assigmment to one formation can be extremely hazardous. Raymond (191L)
initially subdivided the megagroup into biozones (e.ge Prasopora~-zone,
Dalmanella-zone), but he later adopted only formational names (e.g. Shermen
Fall, Rockland)e In distinguishing these at Ottawa, Raymond (1913, 1916)
relied more on lithological characfceristica s With the gernera initially
cited being merely guide fossila,

Each carbonate facies » 1t appears, has a partichlar assemblage of
fossils that are environmentally controlled (e.ge Tetradium in the Lowville,
Lyopora in the Chaumont, Prasopora in the Sherman Fall). The degree of
facies control is often uncertain and the recognition of those forms which

are independent of such control is very difficulte In mapping formations,

y
!
!
§
!

therefore, faunas can be useful for correlation of similar facies but

rarely for chronostratigraphye The faunas, in general, are varied, often

abundant, but normally poorly preserved and difficult to extract. Wilson
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(1946b, 19kbc, 1947, 19L8, 1951, 1956, 1961) described much of the paleontology
of the megagroup. She believed (19146&; Pe éh-aas) that the faunal assemblages
are largely ecologically controlled with the paleontological limiﬁa of the
formations being mainly indefinite and only a few fossils having a short time-
range.

It would be misleading and over simplified to generalize on the
type of carbonates that comprise the Ottawa Limestone. A brief description

of the‘characte.ristics of each formation will thus follow.

Pamelia Formation

Wilson (1932) divided the Pamelia Formation into two divisions
which ‘"are not sharply definede Both divisions are exceedingly variable"
(pe 136). The lower part is characterized by considerable amounts of aa;xdn
stons and shale together with some thin limestones, locally coaree-textured,
and occasional dolomites, The upper Pamslia has a predominance of iime=
stones and dolomltes, but also contains some shales and rare sanmdstonss.
The limestones are often impure, especially the lower ones and tend to be
ca]cilutitesj the dolomites are generally fine grained, thick-bedded, and
weather t;a .a rusty coloure Wilson (ibid.) estimates the Pamelia to be
somewhat over 69 fte in thickness. Sedimentary structures are abundant;
in_traclast conglomergtes‘, mud-cracks, ripple marks and borings are part-
icularly common,. - | -

Hofmann (1963, pe 285) believes that "The two phases (of the
Pamelia) also contain different faunas (Wilson, “19529., pe 10=1444)e The
lower one contains obscure pelacypods, gastropods, some ostracods and
fragments of a Lingulella (?), all of which are, however, diagnostic of
neither the typical Chazy, nor of the typical Black Rivers The upper
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Pamella Formation
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which .“are not sharply definede Both divisions are exceedingly variable®
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stons and shale together with some thin limestones, locally coarse-textured,
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stones and dolomites, but also contains some shales and rare sandstones.
The limestones are often impure, espacially the lower ones and tend to be
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somewhat over 69 fte in thickness. Sedimentary structures are abundant;
in_traclast conglomergteé, mud-cracks, ripple marks and borings are part-
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Pamelia) also contain different faunas (Wilson, 1932a, pe 139=1hk). The
lower one contains ohseum pelecypods, gastropods, some ostracods and !
fragments of a Lingulella (?), all of which are, however, diagnostic of

nelther the typical Chazy, nor of the typical Black River. The upper
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phase contains gastropods, pelecypods, ostracods, fucoids (ichno fossils?),

Tetradiiim and Bathijuris Bxtans (Hall), charact ristic of the Black River".
The present writer, after an examination of the relevant publications an&
several gsectlons in the field, but with no detailed faunal study, suggests

. that the slight difference in faunas is merely a reflection of the change
in faciese The lower Pamelia is a near-shore, shalluw-water, 1littoral
faclies with considerable clastic sediments, indicative of a harsh enviromment
for organiems. However, the upper Pamelia indicates a shallow-water
enviroment further away from shore, with fewer clastics, more carbonates,
and probably salinities more favourable to marine faunas. It should be-
noted that the fossils are only common in the carbonates and these faunas

are generally restricted in the varlety of species and higher taxae

The lower boundary of the Pamelia is unconformable to disconform-

able on the underlying rock; in obscure sections the Chazy is mcogniz’e@

by the presence of species of Camardtaecliia. The upper boundary with the
Lowville is gradational and arbitrary. Wilson (1932,_ ps 137) states thats
"The 1ine betwsen the Lowville and the Pamelia has been
placed arbitrarily below the first bed of the fine-grained:
1ithographic limestons which shows Tétradium producing the
"birdseye® effect characteristic of the Lowville',
I;‘.xpoauresq'of the Pamelia are scarce and mostly 1;womplete. Wilson
(1932) described a few measured sectionse The upper bsds are quarried in
the deeper excavations into the Lowville and Chaumont and can be seen at
localities 11, 1), and 16 (see Appendix for detalls of locatlon of all

exposures listed in the text)e

Lowville Formation
This formation is composed predominantly of pure caleilutites,

normally with less than 10% allochems but commonly containing large, 1ittle
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broken, but clearly transported shells, mainly molluscs and brachiopods,
together with the primitive coral Tetradium’s Even in the very fossil-
iferous .bed, the carbonate matrix is only rarel& coarser than very finely
crystallines Oslites aLre rara, but have been observed in some localities,
usually restricted to a few feet of bedsy no oBlitic beds have been cbserved
elsewhere in the Ottawa Limestone. Marny of the silt-sized carbonates are

undoubtedly pelletal, but no study of the Lowville limestones has been under—
taken to assess the importance of this sediment=typee

The beds are gemerally in the range of L;~10 ins. in thickness,
but are not uncommonly up to 2 ft. thick and are often separated by thin
(% in.) shale partings. Wilson (1956) gives a total thickness for the

formation of some 25 fte

Mud-cracks, ripple marks and intraclast conglomerates are frequént-
1y observed within the Lowville, but thors 1z an cbvlous decreacs in their
mumber from the Pamelia, through the Lowville, into the Chaumonte Borings
are .frequently observed, but marked ly less abundant than in the adjacent

formationsg.

The faunas of the Lowville in New York and S.W.Ontario have been
reviewed by Young (1943, pe 237-238); the Ottawa Valloy faunas appear to
be similare In general they are comcentrated in specific beds alternating
with barren calcilutites. As stated previoﬁs]y most of the fosails are
obviously transported and exhibit minor degrees of breakage, but are not
well preéerved and are difficult to extracte The assemblages are much»more
varied than those of the Pamelia and individuals more numerous. In practice,
collecting yields only a few species for each major taxon and the faunas

were restricted to a certain degree and the presence of many forms was
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broken, but clearly transported shells, mainly molluscs and brachiopods,
together with the primitive coral Tetradium's Even in the very fossil-
iferous beds, the carbonate matrix is only rarel& coaraer than very finely
crystalline. Oslites are rare, but have been observed in some localities,
usually restricted to a few fest of beds; no oBlitic beds have been cbserved
elsewhere in the Ottawa Limestone. Many of thé silt~asized carbonates are

undovbtedly pelletal, but no study of the Lowville limestones has been under—
token to assess the importance of this sediment-type.

The beds are gererally in the range of L4~10 ins. in thickness,
but are not uncommonly up to 2 ft. thick and are often separated by thin
(% in.) shale partingse Wilson (1956) gives a total thickmess for the

formation of some 25 fte
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formations.
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reviewed by Young (1943, pe 237-238); the Ottawa Valley feunas appear to
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collecting yields only a few species for each major taxon and the faunas

were restricted to a certain degree and the presence of many forms was
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ecologlcally controllede It seems likely that much of the benthos was
concentrated on patches of lithified or rocky bottom that protruded above
the aoft lime mud, and efter deathbwae transported by storm-waves into the
surrounding sediment. Such is the case today in the carbonate muds west of
_ Andros Island, Bshamas, as reported by Newell et al. (1959) and Cloud (1962,
Pe 33)e | |

The Lowville Formation is best seen in the many quarries of the
region (e.ge localities 9,11,1},16 and 21); natural outcrops are rare and
emalle Its upper Loundary in ..the Ottawa Valley is herein.drawn at the top
of a 2=5 fto series of beds with profuse Tetradium (mainly T cellulosum)e

At this level there is a change from the thinner-bedded calcilutites to the
thicker-bedded calcarenites.

CHAUMONT FORMATION

This formation will be described in detail later in this chapter.
In 1ts typical development at Ottawa, it consists of 25 fte of medium grey,
thick=bedded fine to coarse calcarsnites. Beds are gemrally 1-3 ft. in
thickness and separated by shaly partingse. Normally the carbonates are of
finer grade in the lower 5 ft. or so and.heri:e tend to be somewhat gradat-
jonal from the Lowville calcilutites. Fosslls are 'plentiful, nainly poorly
preserved and difficult to‘extrac’o; fossil debris is generally distributed
uniformly throughout any particular bed and averages 157%=40% of the total
volumes Occas; jonally, the debris is concentrated in small patches or

pockets where the biogenic content averages 30%-60% = often in close

-asgociation with irregular intrabed shale laminas. Only rarely in the east-

ern region do thin (2-6 inss) beds of laminated (sometimes with low-angle

cross<laminations) calcarenitic spreads ocours
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The Chaumont fauna has been desoribed in general by Young (1943)
and more specifically in the Ottawa Valley in part by Kay (19L2), by

Sinclair (1954) and by Wilson. Compared to the Lowville, the fauna is
more varied with many phyla represented and gensrally wiﬁh quite large
pqpulationn. It is clear that 1life in this environment was fairly prolifig »
but the preserved sksletal remains have been subjected to smﬁe transportation
~and damage. 3ince extensive movement is not suggested, it is possible that
much of the bregkage and fragmentation was ‘caused by the action of organisms.
Destructive activity by organisms is further indicated since a) the rate of
depﬁsiti_on, and thus burial, appears to have been relatively slow (i.ecs if
analogous to similar modern sediments), b) there is ample fossil evidence of
flourishing benthonic and necitonic life, c¢) borings, especially in the
lowsr part of the Chaumont, indicate burrowing, substrate-reworking organisme
which caused minor disruptions of the internal beddinge

The boundary with the Rockland is arblitrary and in grosé litvhology
the two formations are in most respects identical near Ottawa. Marked
_ 1ithologic differences occur further up the Ottawa Valley howevere. Because
the Chaumont can be readily recognized there, and also in other areas e.ge
New York, the writer does not féel Justified in proposing new names or in
grouping the Chaumont and Rockland together as a new formations Exposures
are mumerous in the Ottawa Valley, this formation being.fawured as road-
metal and local inferior building stone. The Chaumont, because of its thick
beds overlying the thinner bedded and more shaly Lowville, often forms a
scarp in the tilted fault blocks, and is commonly exposed in road cutse

Rockland Formation
To repeat, The Rockland Formation, as noted above, is basically




like the Chaumont in gross lithologys medium grey, thick-bedded, fine to

coarse caloarenites. Beds are 1-3 ft. thick, again separated by shale
partiﬁgs, which in places may thicken into definite shale or shaly limestone
interbeds, generally less than 9 ins. thicke There are rather more of the
thin (28 ins.) microbedded calcarenitic spreads in the Rockland, but these
are of uncertain value in stratigraphic correlation. Possibly they reflect.
periode of excesciv_e shoaling in the Carp -« Pembroke area with extensive
transportation of the finer material out from the shoal regions If so,

such beds could represent useful marker horizonse The few observed in the
Chaumont, however, did not appear to be extensive. The alternative explanat-
ion is that these beds represent local incréaeed current activity. These
beds are generally of uniform lithology and thickness when exposed, but a

few lens out, clearly representing shallow channel depositse Both the above
mechanisms could 2lso operate simultaneously. In many.localities the Rockland
unit appears slightly more massive and the limestones not quite g0 argillace
eous and often slightly darker grey in colour than the Chaumont unitse

These very minor differences in places ensble ome to draw an érbitrary
boundary witﬁ the Chaumont only in extensive exposures, Hencb, ih Wilson's
paleontological papers, most fossils are only listed as from the ”I;e'ray;- *
Rockland beds"e '

The thickness of the Rockland is gererally estimated at some 65
fto About LD ft. are exposed at the type section (Stewart Quarry, Rocklandj
locality 21). The writer agrees with Uyeno (1963,‘1).- 223=230) that the
bourdary with the overlying Hull Formation can be seen in a mnall quarry,
1/3 mle north of the Little Chaudiere Rspids, Hulle Here, the lowest 10

fte or so of thick-bedded medium calcarenltes, bearing Receptaculites,

grade rapidly into typical lower Hulle Upper Hull and the lowest Sherman
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Fall beds also outcrop close to the quarry. (4ugust, 196l this quarry is
now virtually filled in)e '

~

Exposures of the Rockland are generally poor and rarely extensive

verticallye _ The facies variations within the Rockland will be considered \

later with those of the Chaumonte '
N ' |

Hul]l Formation

There are two distinct lithostratigraphic units within the Hull
Formation which are presumably of member -rank, but which will be referred to
informallir as lower anx.'i upper Hulle The very sharp break between these is
well exposed in a quari'y on the east sid;e of Ste Laurent Boulevard, L0O
yds. north of Montresl Road, Ottawas This boundary is also considered to
be present in the Canada Cement do.. Quarry (Plant No. 3), Hulle Here, the

units'are_ exposed and are, in fact, quarried separate]yj they conform to

the general uthologio de'scriplti‘ons glven belowe It should be noted that
Raymornd (1913) réfer'red to ﬁo biozones within the Hm = the Crinoid beds
below and the Totradlum beds sboves Shortly after their introdustion,
these names -were discarded by Rsymond (1916), but he still recognized ﬁo
divisions based on a combination of lithostratigraphic and paleontologic
criteria. However, the divisions do not equate with those presented here

and the boundary between the biozdnes 1lies within the upper Hulle

The lower Hull is characteristically dark-grey, sometimes bluish,
fine to coarse crystalline, medium calcarenites, often exhibiting laminat-
ions, which are commonly cross-stratified. The beds are thin (averaging
3-7 ins,) and generally with smooth but irregular surfaces, separated by
shale partings or very thin shale interbeds. Rérely, platy lumps of dark

grey to black chert occur in the lower Hulle Some 50 fte. of such atrata
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are exposed in the lower half of the Canada Cement Coe Quarry, Hulle Fossil
debris 1s usually not clearly visible, but the rather argillaceous upper :

surfaces of beds often revesl well preserved macrofossilse Except in quarries

near Ottawa, the lower Hull is rarely exposed and no new information can be

offered cohcerning ite lateral extent or facies change.

The upper Hull is typically composed of coarse calcarenites to

medium calciruditess massive to thick-bedded (9 ins. to 4 £t.) medium light
grey, often slightly brown grey, and coarse to exbfemely coarée]y crystalline.
Some beds, especially when weathei-ed, show 1afge scale cross-stratification.
Very thin (less than % in.), dark, presumsbly argillaceous laminae within

the bede are valusble in determining the internal sedimentary structures.
Very 1ittle shale is present in the upper Hull and only minor shale partings
and stylolites occure Dark grey and black chert is ﬁery‘conmoxrx, moat-iy in
lenticular plates',- and it is far more plentiful than in the lower Hull.

Some large slump and "balled-up® structures occur in one 5 fte bed in the
Canada Cement Co. Quarry, Hull. The-individusl beds, where exposed in
quarries, are fairly mm in thickness. Fosslil debris is cdmmon to
abundant and many beds are richly bioclastic, with considersble amounts of
algal material. Macrofossils are rarely well-preserved although some
excellent echinoderms have been collected from the thin shaly partings
(Sinclair, 1954). The thickness of the upper Hull is in the order of 60=
80 ft. Bxposures are plentiful because of its usefulness as a bullding
stone and for cement. When traced laterally, the same lithology 1s
encounted at Bertrand et Frére Construction Coe Quarry, near Hawkesbury
(see Hewitt, 1960, p. 80 for exact location) and in the Montreal area
(Clark, 1952)s Kay (1942) describes the Hull in the upper Ottawa Valley

where differences in lithology are apparents the beds are still coarse ‘




textured, but thinner and paftially dolomitized,

The boundary between the Hull and Sherman Fall is fairly sharp,
although the coarse bioclastic beds of upper Hull type persist into the
lower few feet of the Sherman Fall. These lower few feet also contain
abundant Prasopora. which can be a useful guide fossil, although it is also i
sbundant in the shaly limestones of the Rocklande |

x
Sherman Fall Formation ‘ :,
Exposures of the S8herman Fall Formation are scarce in the Ottawa
Valley, for although the lower few feet are revealed at several localities
in the Ottawa area, most of the formation is céncealed. However, the ‘
Clarence Township Quarry, 3 miles east of Sarsfield (20 miles east of
Ottawa) is cut into Sherman Fall stratas Wilson (1949, Map 587A, Casselman,
1s 126,720) mepped the area as Sherman Fall and as the rocks bear little
similarity to either the Hull or Cobourg, as exposed at Ottawa, this quarry
appears to be one of the few gbod exposures of Sherman Fall in the Ottawa
Valleye The lithologies here also correspond closely to the gensral

dsscriptions of this formation given in the sarlier literature.

The strata are thin (2-9 irs.) and very variable in both carbonate
type and bed morphologye Many are basi.éally calcilutitic, but with consider-
gble fossil debris enclosed, whilst othersare coarsely crystallime, coarss
calcarenites to fine calcirudites, with a higher biogenic contente These
are the two most common lithologies, but others occur in minor proportionse
Shaly partings are very frequent, although actual thin shale beds are raree
On weathered surfaces the cross-stratification of mary beds i1s etched out
and there is a great variety of sedimentary structures e.ge discontimuity |

gurfaces (Jaanusson, 1961) are particularly common. Macrofossils are fairly ’




abundant and are reasonably well preserved. The lower five feet of the
formation, as exposed at.Ottawa, are rubbly, "pseudo-nodular" calcilutites
inter-bedded with much shale with a carbonates shale ratio of about 60%-

T0%. Macrofossils are common, especially Prasopora, and are easy to extract

and well preserved.

The Clarence Township Quarry exposes about 50 ft. of limestones
which, if Wilson's Sherman Fall - Cobourg boundary is accurate in this area,
represents the higher parts of the formation. However, the boundary appears
to be gradational and arbltrarye Most estimates of the thickness of the
Sherman Fall are genefal‘.ly in the order of 125 fte (e.go Wilson, 1956a).
Because of poor exposures, the lateral facies changes of the formation
cannot be clearly ascertainede Clark (1952) and Kay (1942) described the
formation (or its equivalents) at Montreal and in the Pembroke area

respectivelye

Cobourg Formation

The Cobourg Formation has two fairly distinct lithostratigraphic
units ("members")e These are both clearly seen in excellent, if rather
inaccessible c)iff exposures on the south side of the Ottawa River from

Chaudiere Falls to Governors' Bay at Ottawae

The lower Cobourg is typically medium grey, fine to coaraely
crystalline, fine to coarse calcarenites in compact beds, 3-9 ins. thick,
with fairly smooth regular surfaces separated by shale partings. Many
beds are cross-stratified and intraclasts are fairly commone Macrofossils
occur on a few surfaces; fossil debris is plentiful and averages perhapg
20%-=l0%, Burrows and trails both on and in beds are common and range up

to 1% ins. in diameters
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The upper Cobourg generally forms beds up to i £t. thick, which
rapldly break down on weathering to a rubble, so that the thick-bedded

nature is obscured. The carbonate type is usually a medium light grey -

medium to coarse calcarenite which is fine to coarsely crystalline, and

argillaceous. Laminae, partings, and thin- beds of shale are commone

Macrofossils are common and quite well preserved; fossil debris is 1ikewiee \
quite abundant and gerieral‘ly evenly distributed except for occasional 1
a

bioclastic spreads forming beds wp to one foot thick.

Exposurss of the Cobourg are relatively good, especially of the
uﬁper part which in some places forme a scarp. Only rarsly are there

oextensive vertical sections of the formation outside Ottawa. The writer has

no new evidence for lateral facies changea. The boundary between the lower

and upper Cobourg is fairly clearcut, a gradational change occurring over -
about 10 ft. 'That between the Gé)bourg and the Eastview Formation is nc.;t |
exposed, but appears from the literature to be also gradétional over a few

feat. |

CHAUMONT FORMATION
Inﬁroduct.ion

The term Chaumont was introduced by Kay (1929, pe 664) to inclﬁde
the leray and Watertown limestones and the Glemburnie Shale. The limestonss
were traditionally grouped within the Lowville, but Cushing et al, (1910)
recognized lithologic and faunsl differences and introduced the above names.
These two limestone "members" were distingulshed in the Watertonn area by
the abundance of chert in the I.éra;y 1imestone, but this criterion has only
very local significance and recognition 6f the two divisions beyond the type [

area is impossible. When traced into S.W.Ontario, a two=foot shale member

<
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The upper Cobourg generally forms beds up to L £t. thick, which
rapidly break down on weathering to a rubble, so that the thick-bedded
nature is obscured. The carbonate type is usually a medium light grey
medium to coarse calcarenite which is fine to coarsely crystalline, and
argillaseous. Laminae, par_tings, and thin: beds of shale ‘are conmmone
Macrofossils are common and quite well preserved; fossil debris is 1ikewise

quite abundant and gerierally evenly distributed excopt for occasional
bioclastic spreads forming beds wp to one foot thicke

Exposures of the Cobourg are relatively good, especially of the
ui:per part which in some places forms a scarp. Only rarsly ars there
extensive vertical sections of the formation outside Ottawa. The writer has
no new evidence for lateral facies changes. The boundary between the lower
and upper Gobou;'g'ia fairly clearcut, a gradational change occurring over -
about 10 ft. .That bhetween the G;bourg and the Bastview Formation is nc')t
exposed, bub appears from the literature to be also gradational over a few
feot.

CHAUMONT FORMATION
Infrodmtion

The term Chaumont was introduced by Kay (1929, pe 66l4) to inclﬁde
the leray and Watertown limestones and the Glenburnie Shals. The limeatones
were traditionally grouped within the Lowville, but Cushing et al. (1910)
recognized lithologic and faunal differences and introduced the above names.
These two limestone ."members" were distinguished in the Watertown area by
the abundance of chert in the I.éray limestons, but this criterion has only
very local significance and recognition o6f the two divisions beyond the type

area is impossible. When traced into S.W.Ontario, a two=-foot shale member
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occurs within the Chaumont and Kay (1929, p. 66;~665) termed this the
Glerburnie Shales But later this was found (Young, 1943) to répresent a

locally developed shale facies which occurs at more than.one horizon within
the Chaumont.e

The formation was thus defined in north-west New York as a group
of fine and medium calcarenitess thick to maaive‘-bedded, medium to medium
dark grey, mainly finely crystalline, with a biogenic content of some 10%~
30% and some thin localized shale inter-beds or inteinal irregular shale
laminae. The writer re-axamined Klock's Quarry in Watertown described earlier
by Cushing et ale (1910, ps 8L4~87) and referred to by Young (1943, pe210).
In June 1963, the quarry waé largely filled in (see fige 16)e The descript-

ion of this section (locality 30) ie given in the Appendix and the conodonts

obtained from these units are discussed in Chapter 6. The location of this
quarry is at Hmtimﬁn St. and California Avenue North (formeriy Clinton
8te)e The limestonss closely resemble those of the Chaumont at Ottawa,
only slight differences being apparent. |

Raymond (1913) extended the name leray to the Ottawa Valley and
its use was contimued by Wilsone Cooper (1956), however, chose to use the
term Chaumonte In south-west Ontario, the confusion caused by using
1ithostratigraphic and bioastratigraphic terms synonymously, together with
difficulties encountered in correlations with outsids areas, has led
Liberty (1963a) to introduce a series of new names for these carbonates
of the Mohawkian sub-seriese Clark (1952) uses the term Ieray in the
Monbreal area, but reports (ps L7-L8) that the Glerburmie and Watertown

"pombers” appear to be absents
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Definition in the Ottawa Valley E

4s nmoted above, Raymond (1913) referred to limestones between the

beds of rather impure, grey to black limestone. The fauna is a large ::one,

some of the more common and characteristic species being Colunnaria halli,

Hormoceras ¥enuifilum, Bumastus tallleri, Dalmanella gibbosa and Strophomena

Lowville and Rockland as the Ieray which he described (p. 11-12) as "thick \
‘,
i
i

Wilson (1921, et _sgg.) always used this term but never chose to

apply definite lithologic or faunal boundaries, and gensrally referrad to |

the limestones as the "Leray beds®s In 1921, however, she descri‘ped three
measured sections of tﬁe Ghaumontﬂwhich reveal some lithostratigraphic
limitse Of her three sections, only that at Stewart Quarry, Rockland,
is completes The reasons for placing the boundaries at particular levels -

are not presented and 1t seems extremely doubtful that major faunal changes

occur between any two beds. MNost probably, a gradual vertical faunal
change was recognized, and the boundary with the Rockland was placed at the *
most obvious lithostratigraphic changee. Even this break is doubiful, as !

is apparent from figure 1, which shows the north-west face of Stewart

Quarry.

Kay (1937, 19);2) is the only other writer who has discussed the
Chaumont boundary probleme In mapping ’ Kay seems to have relied heavily
on 1lithostratigraphic criterias. However, he made detailed faunal analyses
of each formation at widely spread intervals along the strike, whilst
noting the presence of the more characteristic forms at intervening localities. f
It is sometimes difficult in places, however, to determine the relative i

importance given to the 1lithologic and faunal criteriae ,
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After studying the section at Stewart Quarry, Rockland, Kay (1937)
concluded that the "leray proper" ,(léwer 9 fte 6 ins.) and the "transition -
beds" (upper 8 ft. é ins.) of Wilson (1921) were all boat-WaterEown in a;ge.
Kay later decided (1942, p. 599) that only the transition beds were poste
Watertown and likely to bé the Selby member of the Rocklands "The lithology
as well as the fauna, of the "transitional beds" resembles that of the
Selby member of the Rockland which is post.-éhamﬁonﬁ“. The writer has not
seen the type Selby of S.W.Ontario, but has visitedhmany localities in the
Black River Valley of New York and does not agree that the lithology
resembles that of the New York Selby (cf. figs. 1 and 17)e It is far more
cloeély allied to the New York Chauont lithology and it is extremely
douvbtful if, at Stewart Quarry; Rockland, any definite 1lithologic boundary
betweeﬁ the Chaumont and Rockland can be made that is other than arbitrary
(see descriptions locality 21, Appendix)s It seems more plausible hers
on lithologie grounds, to include the "transition beds" within the Chaumont

~ -

- at the type Rockland.

Kay (1937, pe 251) also states that "In localities from Rockland
to Pembroke i’.o (the Rockland) is underlain in r’ﬁany exposures by from 3 to 5
feet of shaly limestones in which are large maases-_ of Tetradium spe cf. T,
fibratum Safford; these latter beds are tentatively referred to the upper
Black River Chaumont Formation and succeed limestones lithologlcally like
the lowville limestone, béaring TI. §_e11uloaum (Hall)e Present experience
shows this bed to be an extremé]y useful marker, occurring in almostevery
examined exposure of the uppermost Lowvilles But T. Eellulosum seems to be
the most abundant species of the genus rather than _'1:.. fibratum, the latter
being dominant in only a few localities. The writer has placed this bed

in the Lowville and draws the Lowville-Chaumont boundary directly above this

)
1
R
|
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unite Since Kay (1942) reversed his opinion and recognized Chaumont strata

above this unit, he also nay now wish to regard it as Lowville. The abund-

ance of I. €elluloswn and the caleilutitic matrix allies this unit more cloee-.
1y to the Iowville than the Chaumont and marks the change to a different
lithologye

For the Ottawa-Bonnechere graben area, the writer is in general
agreement with the formational boundaries proposed by Kay (1942)e Only
three sections were described and sampled in this area and only at Meath
Hill (locality 1) was the Lowville definitely recognized. The lowest beds
at Fourth Chute (locality 3) are tentatively placed in the Chaumont. Thus
the Lowville - Chaumont junction is not so clear-cut in this region as that
of the east, but given a good exposure its assignment is not difficult.

- The Chaumont - Rockland boundary is far easier to place in the field where
irregular, thin bedded, platy, cross-laminated, medimm dark grey, medium
to coarsely crystalline, medium calcarenites (Chaumont) are overlain by
even, thick bedded, light brownlsh grey, coarse to extremely coarsely
crystallins, fine calcirudites with high blogenic content, occasionally
thinly bedded and scmetimes broadly cross=stratified (Rockland)e

The latter distinctive calcirudites can be traced as far east
as Carp, from there east to Hawkesbury, the upper boundary is arbitrary,
since the Rockland is basically the same in lithologye With good exposures,
slight changes in grosé 1ithology make it possible to place arbltrary junct-
ions and from Ottswa to Rockland, and perhaps even to Alfred, the formation
appears to be 20-25 fte thicke No macrofaunal evidence has been used to

determine this divislone -

Tn conclusion, the writer feels it would be best to regard the
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Chaumont and Rbckland as one formation and toclass units such as the western
lower Rockland calciruditg wedge as memberse Since the Rockland was not

studied completely, thie recommendation cannot be applied in the current ‘\
studys. The_ confusion in delineating the Chaumont to the east of Carp should i
therefore be seen in peespectives The whole megagroup is in need of a complete

stratigraphic revision, which through redefinition of units, could solve

such problems as those outlined aboves

STRATIGRAPHY OF THE CHAUMONT FORMATION

INTRODUCTION

This account of the stratigraphy of the Chaumont is divided into
two parts, based on facies change, which will allow generalizations to be
made for each areas Details of individual sections are given in the Appendix.
The interbedded calcilutites within the Chaumont, and the low)Rockland
caleirudites, extend eastwards from the Ottawa - Bonnechere graben to the
proximity of Carp (see e.ges localities 6, 7 and 8)s These features are
absent at localities to the east of Carpe Thls absence, however, can be
predicted for both characters show a gradual weakening in development |

eastwards from the graben area.

The Chaumont to the east of Carp was studied at 17 localities of
which 13 exposed over 75% of the formations The most easterly sections are
at Alfred, some 60 miles east of Carp; unfortunately no adequate localities
could be found between Alfred and Hawkesburye A4t 12 localities, the Lowville-
Chaumont boundary could be ascertained and Rockland strata are believed to

be present in at least ninee

Terminology of limestonses
The grain-size scals for the 1imestones is only elightly modified

-




Transported
Constituents

Authigenic
Constituents

Very coarse calcirudite

6Lymm ' Extremely coarsely
Coarse calcirudite
16mm : crystalline
| Medium calcirudite
Lymm . Lymm
Fine. calcirudite ery coarssly
crystalline
mm 1mm
Coarse calcarenite '
0.5mm | Coarsely crystalline
Medium calcarenite
0025mm ' 0.25mm
Fine calcarenite Medium crystallline
Calclsiltite Finely crystalline
0.008mm 0.008mm
Very finely
Calcilutite crystalline
TABLE 2

Grain-size scale used for Chaumont carbonates

(modified after R.L. Folk, 1959).
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from Folk (1959, 1962). The term calcisiltite is still useful and it is here
used in place of Folk's coarse, medium and fine calcilutite, the latter term

being restricted for g'i'aina witﬁ a mean diameter of less than .008mm. The

subdivisions of the calcisiltite grade can only be recognized in thim section
studies and not in the field. Likewise, Folk's fine sand and very fine sand
terms are merged to reaa fine ‘sand (see Tableﬂa) since the distinction
cannot be made in the f£ield and it ie an over~refinement for the purpose of

the petrographic and paleoecological studies that are described in later

chapterss

As will be shown in more detail in Chapter L, the limestones of
the Chaumont have granular textures and in addition to the fossil material,
generally have a framework of pellets and /or intraclaste (i.ee broadly
‘termed "bahamites" by Beales, 1958)s The carbonate granules are not visible
in the field, exc;pt the coarse vai-ieties after carsful etching ~ & process
which was impractical for this studye Thus, to ocbtain the grain size factor

 the grade of the fossil debris was usede Ae will be shown later in this

chepter, the debris is generally well distributed within any one bed and is
likely to be a reliable parameter reflecting current activity through the
degree of sbrasion, sorting and concentration of the particlese The grain
size allocated was chosen after close examination of each bed, preferably
of a weathered surface. The sorting factor was recorded visually where
gufficient accuracy could be cbtainede An estimation of the percentage of
ths biogenic content (i.es total amount of fossil material) within a bed
was also recordede This can be done with reasonable accurécy, except on
'-li&‘-he;n;'—cbvemd surfaces and is regarded as being an important factor in
conpide‘x;ing the carbonate framework and the textural spectrum. The est-

imation of these pementagee 1g admittedly subjective, but since any error
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from Folk (1959, 1962). The term caleisiltite ie still useful and it is here
used in place of Folk's coarse, medium and fine calcilutite, the latter term

being restricted for g'i'a.ina witﬁ a mean dlameter of less than .008mm. The

subdivisions of the calcisiltite grade can only be recognized in thim section
studies and not in the field. Likewise, Folk!s fine sand and very fine sand
terms are merged to reaa fine sand (see Tableé) since the distinction
cannot be made in the field and it is an over-refinement for the purpose of

the petrographic and palececological studies that are described in later

chapterse

As will be shown in more detail in Chapter l, the limestones of
the Chaumont have granular textures and in addition to the fossil material,
gensrally have a framework of pellets and /for intraclaste (i.ee broadly
termed "bshamites” by Beales, 1958), The carbonate granules are not visible
in the field, em;pt the coarse vaiieties after careful etching - a process
which was impractical for this study. Thus, to cbtaln the grain size factor

 the grade of the fossil debris was usede Ag will be shown later in this

chapter, the debris is generally well distributed within any one bed and l1s
likely o be a reliable parameter reflecting current activity through the
degree of sbrasion, sorting and concentration of the particlese The grain
size allocated was chosen after close examination of each bed, prefersbly
of a weathered surface. The sorting factor was recorded visually where
sufficient accuracy could be obtained. An estimation of the percentage of
the biogenic content (i.es total amount of fossil materisl) within a bed
wae also recorded.v This can be done with reasonsble accuracy, except on
li¢hen-covered surfaces and is regarded as being an important factor in
consideﬁng the carbonate framework and the textural spectrume The est-

imation of these percentages is admittedly subjective, but since any error
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is 1ikely to be constant in all estimations, the figures are valuable at
least in indicating relative amountse A full. range from 75% in coquinal
limestonss to less than 5% in some calcilutites was found, although most

calcarenites averaged 25%-L0% biogenic contente

It was not possible to use Folk*'s (1959, 1962) classification

in the field because the relative amounts of pellets, intraclasts and
fossils could not be determined. ~'i'he thin sections of many samples from
the Chaumont, however, allow a more detailed subdivision of the limestones
(see Chapter 4)o A comparison of hand specimens and thin sections, acetate
peels and etched surfaces, clearly indicates that the units described as
fine or very finely crystalline in the field have a2 microcrystalline
matrix (micrite) whereas the coarsely to extremely coarse crystalline
carbonates have a sparry calcite cement (sparite)s Those designated medium
crystalline are generally poorly washed containing both micrite and sparite,
but perhaps tending more to the sparry calcite variety (see Folk (1959)

for terminology of carbonate petrography).

The colour of the limestones was recorded from fresh surfaces
and compared with the Rock Colour Chart (Goddard, 1951). The colours are
ﬁearly always a shade of grey, although the Tetradium —bearing calcilutites
and the Rockland caloirudites are frequently a light grey-browne

Tn addition to the colour, crystallinity, grain size, and biogenic
clontent, many other features were recorded in the field and these are

reviewed later in this chaptere

Stratigraphy of the eastern region
The Chaumont to the east of Caip is fairly uniform, (see figse

1k, 155. The 1imestones are generally medium grey in colour with some

“‘
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medium light grey and medium dark grey units. Crystallinity largely controls

the colour cobserved and as colour variations are always rather subtle, little

significance can be attached to theme The usual colour (medium grey) is

undoubtedly controlled by the normally fine to medium crystallinity and the
fairly high cbntent of argillaceous mattere. Any one bed is nearly always

of uniform colour, although a few beds exhibit é nottled effect (see Chs5 -
Sedimentary featuress borings) in which fine and coarse textures exist together

in an intricate pattern with two main colours. As noted earlier, some of

‘
|

the Tétradium - bearing calcilutites of the uppermost Lowville and some of
the very coarsely crystalline units have a light brown or light grey brown
colour, at times even pinkishe The colour of weathered surfaces varies
with the period of exposure and since both fresh and deeply weathered
sections were used, this colour was only described if considered to be
significant or outstandinge In general, the Chaumont weathers to a sandy
or pale buff colour whilst calcilutite units are "dove", whitish, or blue-

-~ ~

Breye

The cementing material is calcium carbonate and the slze-grade of
this is an 1mporté.nt factore Folk (1959), Cronoble and Mankin (1963), and
others have shown that a genetic relationship exists between the preéenco
ard relative sbundance of micrite and sparry calcite. Thus, a carbonate
deposited in a zone of vigorous current or wave action will have been
winnowed of its microcrystalline ooze (micrite) and the resulting clear-
washed sediment will have abundant pore=space availabls for the growth of

sparry calcite cement.

The Chaumont limestones east of Carp are typically fime to
medium crystallines The underlying calcilutites are either very finely

or, more rarely, finely crystalline. Some of the rare thin, clean-washed
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microbedded; medium to coarse calcarenite spreads are coarsely crystalline

as are some of the intrabed "pockets" rich in organic debris that will be

~ -~

described later.

Typically, the grain-size of the limestones, based on the fossil
debris, vis of fine to medium grade, particularly the latters Fine calcaren-
iteg and calcisiltites are typical of the lower five feet or so. Coarse
calgcarenites are more commonly found in the upper half of the formation
and the thin laminated spreads are generally of this grade. The "pockets"
of coarse calcarenite frequently observed in medium calcarenitic beds. axe
accounted for in Chapter 5. The grain-size character is clearly geretic,
being controlled by current activity which could gather loose shells into

coquinas, remove finer debris to quieter water, and remove other carbonate

allochems,

» The blogenic content of coquinal beds was. estimated at a maximum
| . of T5% The escuracy of the figures, admittedly subjective, is thought to
be within ¥5%. The debris content, can be estimated quite accurately,
except when distribution is patchye Where layees or pockets of richer
fossil debris occur within a bed, two estimates were attemptede In the
region under discussion, the beds in the lower five feet or so have
biogenic contents in the order of 15%-30%, whereas the rest of the format-
ion has typically 25%=L0%e Some beds not “uncommoply range up %0 55%.
Higher percentages, generally assoclated with conquinal units, are not
" common é.xxd,'fwhen present, are usually thin ar;d often impersistent. Beds
ere normally fairly uniform in their biogenic content, although a few
exhibit some grad:l.ng~ in either content or grain-sizej in f.his ‘respect, both

normal and reverse grading occure
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Bed thicknesses are wually in the range of 9 ins. to 2 ft. 6 ins.,
icommonly closest to 2 ft. The beds tend to be compact and sometimes méssive,
"particularly in the two most easterly sections at Alfred (localities 2L and
25)e In outcrop, bede rétain a fairly constant thickness, varying only a
few inches at the mést. Glosedinapection of such thick compact units ]
often éhows them to be composed of'aubunite = commonly 3 1'.015 - not parted ”
by shale laminae, but fused together along surfaces that are fréq_uently
bored, rippled, or ref:resent discontinuities. 8light differences in

weathering colour help to distinguish the subunits.

Beds of average thickness are usually of typical lithdlogy,
whereas those units that are less than 9 ins. thick are often a more extreme

type e.ge a calcisiltite or a fossiliferous caleirudite.

'Unite are invariably separated by thin (up to 1 in., commonly -
'3 in.) shale partingse In outcrop, these are weathered into the exposure
face and determination of the ahaa.e's characteristics is normally impossible.
Likewise, the recognition of bentonites here is rarely possible. The:many
conﬂicting'opihiona on the identification of bentonites shows that detailed

chemical or X~ray tests are necessalye

Beds are generally compact gnd only rarely rubbly when the -
argillaceous content is h'igh,‘ which aometimea occurs in their units asgociated
with sphaly partingse Thé: gurfaces of upper Lowville beds are often sub-
conchoidal, wnilst those of fina-teitured strata are often hack];yf and in-
froquently "blocky" in the average calcarenites = here the surface is broken

into :lrreguiar, ro;xgh‘ly cubic blocks, usually with a 2 to 6 8qe ine face.

Bedding plénae reveal a variety of features which are discussed

A e




3l

belows Generally 'speaking, however, none of these seems to be traceable

over any great distance and probably reflects only local conditions.

Within the beds, shale laminae are common to abundant and are

rarely ab‘sent. They are normally less than 1/8 in. thick and are irregular-

. they may have,an "amplitude" of one or two inches and slight irregularities

of % in. or so on the actuel laminae. Often discontimuous laterally, they
commonly occur at vertical intervals of less than an inch throughout a bed

(e.ge Bee fige 19).

"8igns of organic activity are sbundant. Fossils are frequent %o

sbundant in thig area. The maln types preserved ares brachiopods (e.ge

Strophomena, Doleroides, Rhynchotrema, Rafinesquina, Zygospira), gastropods

e e

(e.ge Hormotoma, f\isiapira, Iiospira), cephalopods (e.ge large Actinoceras

~ and Michelinoceraa; Oncoteras, Zitteloceras), trilobites (e.ge Isotelus),

trepostome bryozoass, crinoid ossicles and some cup corals (e.ge St’regbelasma).
Preservation is fair but extraction difficults The amount of abréded fossil
debris attests to the extensive destruction of many forms. Burrows are
common to abund;e.nt in the lower part of the Chaumont, but rare to Infrequent
in the uppere. Fossils are usually fairiy evenly distributed within a bed

and have réndom orientations In some of the coquinal units and the

laminated spreads, however, there is clear indication of wholesale transport=

atione

The Tetradium bed in the _uépermost Lowville is formed ofj these |
long slender corals which rarely show any evidence of major disruption and
appear to be mostly in aitu. In beds showing fossils and fossil debris
with random orientation .and even distribution, there is the possibility of
mass rew&king by benthos and infauna (see discuasipn belows sedimentary

featuress
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The overlying Rockland is much the same as the higher Chaumont,
though locally the thin shales and shaly limestones of the Rockland (e.ge

at localities 16 and 21) contain faunas with prolific bryozoans (especially
Pragopora), brachiopods and trilobitese

Stratigraphy of the western region

The weatern region iieg between Carp and Pembroke, a distance

'%

of some 60 miles, Here are 8 Eections, 5 between Carp and Arnprior and
3 o the west in outliers of Ordovician strata on the Precambrian (éee
Fige 1)o These show the Chaumont differing both ;Erom the eastern region
and locelly from section to sectione The lithologies are varisble and
geveral types can be found at any oms 1o§a]1ty. The descriptions of the
sections are given in the Appendixe For the sake of clarity, only six
lithologiee, the commonest and the most important types and, in some

instances, end-members of gradational serieé, will be described here.

The thickness of the Chaunmont here is difficult to determine.
Only 3 of the 8 localities reveal the lower boundary and 6 the uppers
Moreover the very nature of the upper contact (drawn at the-baae of the
calcirudites) is 1likely to be strongly diachronous. From the evidence,
the formation appears to be in the order of 30ft. (X 3 £to) thick; the
maximum recorded being at Clay Baxk (locality L) where LO fte 6 inse are
geen exclusive of the bases There thus seems to be about a 25%=%0% increase

in thickness of the formation over the eagtern regione

The most typical lithologies to be found are described as

followes

1. ”Otteuva-type" calcarenites

Theae‘commonly make up about %0% of a complete section and closely
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resemble the calcarenitic limestones of the eastern region and need little
elaboratione - Thus they are typically:

Medium grey, finely crystalline, medium calcarenites; biogenic
content 25%«35%; shale laminae’ commonj borings infrequent to
common; compact beds averaging some 2 ft. in thickness; fracture
hackly; shale partings separate beds; slightly lower biogenic
content and slightly finer textured, on average, than those of
eastern region (see figs. 7, 9, 11).

2."Lowville-type" calcilutites - calcisiltites’
In the‘eastarn region these units are confined to the Lowville
Formation, but in the west they are interbedded with other 1ithoiogiee and

comprise about 20% of the Chaumont Formation. Two varieties can be
distinguisheds '

a) light grey or pink brown, very finely crystalline to
aphanocrystalline, caloilutite; biogenic content variables
less than 5% to 35% when Tetradium is abundant; shale
laminae and borings absenty beds very compact, averaging
3-15 ins. thick; fracture poorly conchoidal; beds isolated

~or in groups (see fige 8). : ‘

b) medium 1light grey, very finely to finely crystalline calcisilt~
ites; biogenic content 57%=10%, Tetradlum present at times but
less than in a); shale laminae rare, when present are less
irregular than in "Ottawa-type" calcarenites; burrows rarey
fine laminations common, cross~laminations rare; irregular
upper surfaces infrequent; beds usually in groups rather than
igolated, some lateral pinching out of beds; beds usually
2-6 ins, thick, groups commonly 1-2 fte thick; irregular :
shale laminae infrequent, less irregular but more persistent
laterally ‘than in "Ottawa-type" calcarenites; fracture sub-
conchoidale - .

Variety b) predominates over variety a) by about 3:l.

Tn both varieties of "Lowville~type" calcilutites - éalnisiltitea,
the fossil content is low and 1;. not clearly 8bnervable on the weathered
surfaces. Macrofossils are few, genérally 1ittle abraded and usually
isolated; fossil spreads beling very rarée Tetradinm (predominantly Te
¢ellulosun)occurs frequently, sometimes in éb}mdance and the few heads of

Te Fibratum observed were mainly in their position of growthe

H
3
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3. Coarse calcarenites - fine calclrudites

'These comprise sbout 10%-15% of a typical section and can be
described ass ‘

medium light grey, sometimes brownish, medium to predominantly
coarsely crystalline, rarely very coarsely crystalline, coarse
calcarenites to fine calcirudites; biogenic content usually high
50% to coquinal, averaging 60%~65%; shale laminae infrequent, when
present are not very irregular and are rather isolated; borings
absenty beds fairly compact, evenly bedded, generally 9-18 ins.
thick, but thinner ones also present, some impersistant, others
with 1limestone intraclasts (less than 25%); beds generally either
isolated or associated with the "Ottawa-type" calcarenites;

fossils mainly brachiopods and molluscs, little abraded, fossil
debris abundant.

s s s Al T

lio Shaly argillaceous calcarenites

These form some 10% of the formation, but are more noticeable as

they tend to occur in one or two thick units composed of many bedss.

Typically, these units are composed of several lithologies, but the one
predominating iss ‘

medium 1ight grey to medium grey, medium to coarsely crystalline,
.coarse calcarenits; biogenic content Lo%-60%, variable, occassion-
ally coquinalj beds usually 2-5 ins. thick, rarely exceeding 8
inse in units 1%=3 ft. thick, somewhat argillaceous, flaggy, with
varying thicknesses; shale partings numerous, gensrally ins.
thick and following upper surfaces, medium grey brown, flaky,
not very fossiliferous; shale laminas within beds rare; fossils
mainly bryozoans, molluscs and brachiopods, prolific in some
beds, preservation fair, large heads of Tetradiim fibratum.
- gometimes found in growth positionj borings sometimes present in
shaly interbeds (see fige 8)e

S5e Shaly argillaceous barren limestones .
| These are very similar to the-;haly argillaceous calcarenites
~ just described, except that they are virtually barren of fossil materiale
They dccur in thick unlts comprised of many beds with considerable shale
content, thus becoming rubbly on weatheringe This type generally forms less

than 10% of any particular saction and may be gbsent in some. Their nature

is usuallys




medivm to medium~dark grey, fine to medium crystalline
limestone; biogenic content less than 5%; beds average
-5 ins. thick, rarely exceeding 8 ins., individual
thickness varies; beds sometimes laminated, ooca_sionally
cross~-laminated; shale partings plentiful, -2 ins. thick,
irregular interbeds, medium grey brown, flaky, unfossil=-
jferous; units generally 2=l ft. thicke

6¢ Laminated calcarenites ~ fine caleirudites

These are allied to the laminated spreads that are occasionally
sesn in sections in the eastern region. Here, they are always pre.sant. in
the upper third of the formation and usually the upper fifth or so ls
completely dominated by them; hemce, they comprise about 15% of the
formations A varisty of internal structures is found but the carbonate type

18 quite constants

medium light grey, often brownlsh, coarse to very coarsely
orystelline, especially coarse calcarenites to fine calcirud-
ites; biogenic content usually high, averaging 35%-60%; shale

partings common, =3 ine thick, no ehale laminae within the

beds; borings rarely present; beds generally less than 12 ins.

thick, thickness varying with type of internal stratifications

level laminationss 2-5 ins, units, trough cross~lamination 2-7

ins., broad oross-stratifications L=12 ins. |

The level-laminated units are similar to those of the eastern
regions usually of uniform thickness with laminae less than % ine thick,
essentially horizontal and very evens Low-angle cross~laminations are
present at times, generally 1ower in the section than the other types and
ﬁain:ly as isolated beds. The small=-scale trough cross=badding only occurs
in the upper part of the Chaumonts gets of cross-laminae are usually sbout
3 inse wide and 1 ine or so thicke They occur in even and fairly regular
beds, very compact, and termed "p1aty" by Key (1942)e The broad cross— .
stratified units are likewise e;ren and compact, a few pinch-out laterally;
laminae are again sbout % ine thick and dips reach up to 259, This cross—

bedding occurs in single bede which are generally the richest in fossil
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materiale Again f.heeei are restricted to the upper Chaumont and are mainly
the highest beds which lie beneath the Rockland calcirudites. Fossils in .
these limestones are usually fragmental and strongly abraded; comminuted
fossil dfabria is zbundant. The contact between this type and the Rockland

caleirudites is shown in figure 10,

7o Rockland calcirudites

-Because this 1ithology is intimately related to some of the Chaumont
types and will be referred to in later chapters, 1t is described here for
the -sake of completenesse. It occure- in the lower Rockland and is in excess
of 20 ft., a;\>pear‘ing to grade upwards into calcarenites that closely
resembfe those of the Rockland in the eastern regione The beds exposed at

Paquette Rapids (on the east side of Allumette island) have been referred

0 both the "Leray" and the Rockland in the past; Kay (1942, p. 60l) assigns
them to the ﬂigherhookland. They are medium 1light brown grey, finely -
crysballine, calcisiltites, but do -::. contain well preserved isolated

fossils that are often partly silicified; Stromatocerium Rugosum Hall,

Receptaculites occlidentalis Salter and Lyopora Malli (Nicholson) are amongst

A.-the commonest of the great number of apeciea that have been describeds The
lithology is quite unlike the 55 f£t. of lower Rockland exposed at the
Bonnechere Iime Gompany quarry, near Eganville (see fige 12)e Kay (1942)
reports a Rockland thickness of about €0 ft. but the stratigraphic relation=
ship of the Paguette Rapids beds is not at all clear. Unfortunately
exposures, are poor and the problem still remains. 8inclair (1954) equates
the fauna with that of the type leray in New York, the Ottawa Valley “I;era,y"

N

fauna being older than bothe

The lower Rockland units, however, are typicallys:
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medium light brown grey, coarse to very coarsely, rarely
extremely coarsely c¢rystalline, fine calcirudites, rarely Vi

medium calcirudites; biogenic content highs 55%=75%; shale Q
partings common, shale laminae within beds very rare;

burrows sbsent; beds massive, even, compact, normally 2-l
ft. thick, but 6-15 inss at Bonnechere Lime Co. quarrys
croes-bedding common, large-scale, dips up to 200; fossils
much gbraded except larger compourd corals, many silicified;
fossil debris sbundant with algal (mainly Solendpora type)
fragments as major constituent; chert nodules raree

These then are the typical Chaumont lithologies in the Carp-
Pombroke regione ‘Ghert which is almost non-existent in the eastern region
is a little ﬁore conmon in the weste It is found in several localities,
usually restricted to one or two beds, and the lithologies in which 1t
occurs seem to be the "Ottawa=type" calcarenites and the laminated calcaren-
1tes -~ fine ca]ciruditaa. The 1um£m are irregular, a few linches across,
blask and generally badly wea'.thered. Sonia were found in crosshedded units
suggesting an epigenet.ic origing it is quite likely that porosity played

an important role in controlling its formatione

In summary, the limestones in the eastern region are uniform in
texture, bedding, and most other features. They are different from those
of the underlying Lowville Formation, but are so similar to the Rockland
units above that no 14thostratigraphic bounda.ryﬁ can be placed with assurance.
When traced weatwards beyond Garp‘, the Chaumont is characterized by
varisble lithologleses In the lower two=thirds the dominant units are
"Ottawa~type® calcarenites and "Lowville~type" calcilutites ~ calclslltites,
;bové these the laminated coarss calcarenites - fine caloirudites predominate
and are capped by the lower Rockland caloirudites. Goudge (193%8) and Hewitt
(1960-) give chemical analyses of several localities (see Table 9); the
calcium carbonate content is rarely below 85% and commonly sbove 90%e

Dolomitization is negligiblee
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The interpretations to be placed on the stratigraphic information,

together with that considered in the following pages, are discussed in
Ghapter Se

SEDIMENTARY FEATURES OF THE GHAUMONT FORMATTON

Closs examination of the chaumont limestones reveals a variety
of sedimentary features, many of which help in elucidating environments of .
depositions The true value and significance of all may not be appreciated
since previous studies of many such features have been superficial and
work in areas of modern carbonate deposition has concentrated on possible
modes of deposition rather than sedimentary (bottom and internal) featurese
The significance and interpretat;on of some minor structures not considered
in Chapter .5 will be discussed belowe The following accoun’ is divided
intos a) gross characteristics of beds, b) bedding surfaces, c) ﬁtﬁmturea

within beds, and d) organic remains and activity within bedss '

1. Gross characteristics of beds

leationahipa between bed thickness and carbonate type can be
geen., Beds of calcilutite - calcisiltite grade are invariabiy thin-bedded
(1lees than 12 ins. thick) and thick units of this grade are composed of a
geries of thin bedse These are compact, dense, with smooth, scmewhat
irregular upper, and often lower, surfaces and a subconchoidal fracture.
Shale partings, common in the caleisiltites, are fewer in the purer
caleilutites. Pinching out of beds 1s seen in some of the laminated
calcisiltitesy this 1s especially common in the barren flaggy thick units

of calecisiltite grade that have numerous shale partings and are recessive.

Beds of calcarenites, however, are invarisbly thick ( 1-3 f£te)
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and although some are clearly constructed of several fused subunits, the

majority appear to have been deposited without any major wide spread pausev.

Buch beds are fairly compact, sometimss massive, and nearly always uniform
throughout in broad characteristicse Top and bottom surfaces are fairly 1
'flat, but with slight irregularities, and can usuelly be assigned to one 6f
the types described belows Thp argillaceous content 1s mostly in the form
of the mumerous irregular shale laminas within the beds. 8Shale partings

( 3=3/), 1ne thick) usually separate the beds.

Caleirudite beds ars more variable and are clearly polygenstice
However, within the Chaumont they rarely exceed 13 ft. in thickness and
the only thick-bedded calcirudites are found in the basal Rockland in the
western regidn. Three main types of calcirudite can be observedes A
fairly thick (9-18 ins.), compact, even-bedded type, usuvally cccurs as an
1solétad bed or as part of a massive calcarenite unite A second kind,
with varisble thickness (0-15 ins.), is compact and generally broadly
‘croas-bedded; tsome are clearly channel £illings, The third type is the
cross-bedded calcirudites that nonially 1ie in the upper part of the
Chaumont in'_the western region and which are fairly thin-bedded (é~12
ins.), rather compéci:‘ and plati, quite even, but in places varylng in

thickn;aes, exhibiting a variety of cross-stratifications.

The sﬁaly, argillac.e‘ous calcarenites together with some of the
calcilutites-calcisiltites form rubbly, badly-weathered, recessive units.
Individual shale beds never exceed 3 ins. in thickness and the occurrence

_and regularity of these is assoclated with the carbonate type; they are

rarely fossiliferous to any extent.

Upon weathering, the cdoilutites-calcisiltites are usually pale,-
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a light grey or dirty white, whilst the coarse-grades are somewhat darker;-

normally a medium light brown greye

2. Bedding surfaces

/7

The great variety of top and bottom surfaces noted in lthe Chaumont
formation can be subdivided into +the basically a) level and b) irregulare . \

a) level bedding surfaces ‘ ]

These comprise three main typess fused, or separatediby shale
partings or by shale laminae, Fused surfaces (i.ee tightly joined, with
no shale) are fair]& common, eepecially in fhe calcarenites of the eastern
region.'and here largely ':Ln the lowest. few feet and in the more massive ) |
units. Two or more beds are thus found in contact, fused tightly together
and are normally only observed upon close inspectlon; the beds are usually
of similar nature with only slight differences, e.ge in colour or texture.
Ievel surfaces are often separated by laminae or partings of shalee. They
'are usually very thin and the lower surface of the aucceeding bed is like~
wise even and scarcely irregulars

b) Irregular bedding surfaces

The following types of irregulai' bedding surface have begn
recognized in the Ghamnont:.diecontimity, rippled, slumped, eroei.'onal, |
-and boredy mud-sracked surfaces are also discussed.

1) Discontimdty eurfaoes

Diacontinuity surfacea have been the aub;]ect of conaidarable
discussion in the last few years and the various hypotheses involved have
been reviewed by Jaamusson (1961)e The arguments centre upon whether these
.gurfaces have been produced by submarine or by subaerial agenciese Jaanusson

presents strong evidence for subaerial processes, but amongst others,

Lindstrdm (1963) has shown that such features can be developed solely by
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submarine agencies. If both modes of formatlon exist, it must be determined

whether the carbonates involved are essentially deep - or shallow-water

typess If the latter, then the probability of occcasional exposure will be

far greater than in the former case. Both Prokopovich (1955) and Weiss
(1957) considered that corrosional surfaces in Middle Ordovician limestones

in Minnesota were formed without exposure; however, Weiss (1958) later

proposed that subaerial effects were dominante

There seems 1ittle point in further immediate discussion of the

problems involved. After a considergtion of the literature and the

structures found in the Chaumont described below, the writer finds it more
plausible to accept the view which invokes some form of subaerial exposuree.

Tt seems very doubtful, considering the types of carbonates involved, that

wide areas of reducing conditions could occur intermittently to cause
corrosion, whilst there seems no problem in envisaging fluctuations ina
gradually transgredsing sea, causing perlodic exposure for short periods

Of ti.me [ ] ’

The discontinuity surfaces obae;'vedAare revealed by their relief,
weathering ¢olour, and different carboqate type.s.adjacent to the surface;
there is neither stalming nor cqncentrat-ion of glaﬁcbni’ce or pyrite etce
The most common types are described belowe They are not infrequent, but
only one or two may occur in any one section ::md they do not appear‘to
extend from one section to the nexte However, for observing these
structures, good, clean exposures are necessary, but not extensive weather—
ing of the face. Thus it is possible that some may be ussful for correlation
ander 1deal conditions, but in the present gtudy they have not been of

value in this respect, as they have, for instance, in much of the Swedish




Ordoviciane The Chaumont surfaces are of the same scale as the Swedish !

typess a relief of up to about two inches, but varylng in detailed

morphology, allowing a fourfold breakdown outlined belowe |
a) "Normal" discontinuity surfaces |

Included here are those surfaces that are irregular throughout,

e e =

but with relatively low relief and apparently exhibiting no set pattern.
This type is closely comparable to that figured by Jaanusson (ope Cite,
Fige 1a)e Two sub-types occurs those in which the two carbonate types
adjacent to the surface are tightly fused and those in which these are
erarated by a shale parting up to % ine thicke

b) “"Corroded" discontimity surfaces

The;e surfac;s show relatively high relief with elaborate
cromilations. The latter are so intricate as to be incompetent had they
not been lkthiﬂed. rThe depth and delicacy of the parts remaining strongly
indicate that some form of corrosion, rather than mechanical erosion, was
the prime cause of this type of surface. They resemble .closely' those
figured by LindstrBm (1963, Fige 9) and particularly by Winder (1959, Fige
1)s A4gain, the two sub=types occur that were described in the precceding
gection. ﬂ
. . c) "Pitted" discontinuity surfaces

Such surfaées,.aa figured by'Jaanusaon (ope cite, Fige 1¢) and
by Lindstrdm (1963, Figse 9a, 12) are also present. The bedding plane is
pi.t;ed with cirqular,to subcircular holes of various sizes, generally with
a width—depth ratio of about 3:2. They resemble a paries of small
potholes, rarel& being more than 1-2 inse in diameters Their origin is
unknown; the most plausible suggestions are that they are a) youthful

potholes, or b) formed during intertidal exposur® in a similar way to the
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"marine solution basins" described by Emery (1946), in which the diurnal

photosynthesis of micro-orgénisms is cbnaidered to cause an excess of

solution of calcium carbonate. Emery's hypothesis seems. the more logicalj
it is based on observed processes and, furthermore, no abrasive material is
generally found in the pitse Once again, the surface can be fused or
covered with a thin shale film.
¢) "Bored" discontinmity surfaces

. These suri‘acea are clearly developed during a depositional hiatus
during which the floor is extensively burrowed (cfe Ginsburg, 1957, Fig. 6),
glving rise to é highly irregular surface, but.one in which individual
burrows can be traceds Such surfaces are illustrated by Lf_Lndster (1963,
Figs. 94, '16) and are duplicated in the Ghaumont limestonese The burrows
are normally very complex;"U"-shaped burrows can be observed only rarelys
Burrows could ﬂave .been ma&e‘by marine organisms or by organisms in the
exposed intertidal zonee The elaborate relief suggests that the surface
was at least partially lithified and hence the second possibility is

favoured heres Both fused and shaly surfaces occure

This fourfold"breakdonn of discontinuity surfaces appears to
be genetic, but the implications are mot fully understood ard, unfortunately,
their stratigraphic applicé.tion is limited in this reglone

'2) Rippled surfaces A

These are infréquent in the Chaumont Forl;lation. Some occur in the |
caloarenites of the eastern region, but have only been geen in section,
never béing exposed on a beddit-xg‘piane. The ripples are mainly symmetrical,
normally 2-h ‘ins. in amplitude and about 18 ins. in w;.velength. Some show
eroaion. or boring of the crests, whilst others exhibit a partial infilling

of the troughs with coarse debrige
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In the western region, large-scale symmetrical ripples are some=

tlmes found high in the Chaumont, associated with the cross-stratified

units. Typical ripples here measure 3-6 ins. in amplitude and 2li-30 ins.

in wavelength. These large-scale ripples seem to be associated with the
calecirudites; similar types were recorded by Kindle (191l) from the upper
Hull limestone of Ottawa, which almost certaiiﬂ;y reprasenie a comparable

facies to the lower Rockland of the westerr regione

When occuring within a bed, the ripples usually have a fused
upper contact, but when forming the top of a bed, 'é,hey are commonly ’
succeeded by a thin shale partinge

3) Slumped bedding

Irregular bedding surfaces are also formed in units that appear
to have undergone pre-lithiﬁeation slumping of the sedimente These ‘
structures have been observed in a four—foot unit, low in the Chaumont at
Burnt Lands (locality Bj fige 20)e Elsewhere they only occur in calcilutite~
calcisiltite units high in the Chaumont of the western regions They are
restricted to‘ gediments of clay and silt grade that'are quite homogensous,
pelletal, and poorly fossiliferouse Shaly partings are present, but in
insufficient quantity to suggest load-casting or differential compaction
as the origin of this bedding-type. Cross=lamination also occurs in same
beds, and in the Burnt Lands exposure certain beds show a balling-up
effect, with the curved laminae paralleling the curved bedding surfacess
Therefore, there is evidence that some of the beds have suffered slumping
(1.0 lateral movement) and it seems most probable that this was the prime
cause for all such bedding. The reasons for slumping cannot be determined
from the few exposurds in which these structures occur; it is presumed that

the instability of the fine-grained muds coupled with deposition on steeper




slopes, possibly off islands not found in the eastern region during the
transgression, were important factors involveds

L) Erosional channels

Excluding the small-scale discontinuity surfaces considered

earlier, there are two main types of erosional surfaces within the |

Chaumonte Both are in the form of erosional channels and both are found
predominantly in the western regione ' |

a) Solitary channels

These are rare, but worthy of note for they indicate the
processes of erosion occurring in ﬁhese envirormentse The fairly small- i
gcale channels associated with the laminated calcarenite spreads have
been described earliere The ofher channels are larges one particularly
well-exposed channel at Burnt Lands (locality 8) measures 12-15 ins.
deep and some .15 fteo in width and is exposed in cross-section on both sides
of the road (fige 21)e The channel is cut into thin-bedded quartzose
calcisiltites and numerous laige (up to 2 x 6 ins. in cross-section),
quite angular, tabular blocks of the eroded bed are found close to the
£1at, but slightly irregular, channel bottome The sides of ﬂx_e channel
are steep (709-900) and irregular, suggesting a considerable degree of
1ithification in the eroded un:j.t. The inf:l];ing and probably the scouring
material is a coarse bioclastic calcirudite - of typical lower Rockland
1ithology - restricted to this channel and the overlying 12 ins. bed, and
containing ug;rooted heads of Lyopora together with large limestone in-
traclastse The channel axis lies due north-south, but since such axes
can rarely be measured, no conclusions can be drawne Although large- |
scal'e;, this feature is quite typical of such igolated channels in the
Chaumonte They are so infrequent that 1ittle inference can be mads, bub

they do indicate that, at times, powerful currents were operatives From i
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their geographic and stratigraphic occurrence, they may well be related to

the development of the lower Rockland calcirudite shoal facies,

b) Spur-and-groove channels

These structures are exposed only at Pine Valley (locality 2),
and are located in a single béd high in the Chaumonte. They are shown in
Filgs. 22, 23, and Fige 3 illustrates their paleogeographic relations. A
description and interpretation of these structures has been published
recently (Barnes, 196l,, MS) suggesting that they are a spur-and-groove
system developed on a ehallow sloping shelf by the undertow, and possibly
rip~currents, within the breaker-zone. Thus, these structures are of
value as indicators of envirommental and paleogeographic detailase

| 5) Mud-cracks

Desiccation cracks are not found in the Chaumont, but shallow
cracks are known in the caleilutites and shales of the Lowville beneath.
They are frequently very well devaioped and commonly measure 3-9 ins.
across the polygonse.

6) Borings

Jome structures occur in the Chaumont limestones which appear
to be more extreme developments of the "bored" discontinuity surface.
Whereas the latter feature is restricte& to the top few inches of a bed,
these are more extensive down within the bed (fige 2ly)e They are seen as
an intricate network of two types of carbonate, one more coarse_-;tex'bured
than the other. The boundaries betwsen these two types are sharp and
i8lands of one kind can be found floating in the othere They are very
similar to structures described by Beales (19%6) and attributed to worm |
burrows, and to the pseudo-breﬁéi.aa of Bathurst (1959) which are developed
by partial recrystellization of the carbonate. Thin-section studies of a

few of these structurea show them to be petrographlically comparsble to the
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infilling material of the "bored" discontinuity surface. These are described
in detail in Chapter L, but suffice to say that they are composed of a consider-
able amount of bituminous material with minor skeletal debris, both cemented
with sparry calcite. Rarely, most of the area is filled with a host of

dolomite rhombse. Such structures are not very common and generally occur

in beds less than one foot in thickness.

These structures probably originated through some form of burrow-
ing activity. The geometry of the beds and the interrelationships between
thel two carbonate types (particularly the sharp boundaries) preclude the
possibility of either slumping or mixing by organisms of two beds of different
carbonate type. They are also clearly not formed by processes of recryst-
allization. The geometry, relatively loose initial packing, and the abundant
bituminous matter suggest that these were burrows. The biﬁuminous material
may have been derived from the decomposition of fecai_' pellets to form mucus
(see e.ge Folk and Robels, 1964)e It is noteworthy that there is no
apprecisble quantity of pellets or intraclastss In some borings near the
upper surface, there is an aligrnment of the fossil ailochems which would not
suggest a fecai origine Some of the material may merely be assoclated
with a diastem, having been washed into the burrow system, other material

may have suffered conversion in passing through the guts of organisms.

7) Load and differential compaction surfaces

The lower bedding surfaces of some limestones are rather irregular, .
being somewhat bulbous with a relief of an inch or so., These lrregularities
occur above shale bedsof 1-2 inse in thickness and, in part at least, are
interpreted as load cast features. They are small and are never extensive-
1y exposed and show no preferred ﬁneation. Other surfaces are best

explained solely by differential compaction of the shale, often over an
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irregular upper surfece of the underiying limestone bed. The thin shale beds
are thus of sllightly .ﬁ'regular thickneesy these features are not notice—

ably developed over shale beds less than one inch thicke.

3e Strustures within beds

everal types of these features are present; worthy of note are
shale laminse, internal bedding, contraction stringers, and chert nodulese
Purrows and allied structures will be considered in a later segment of this.
chapter devoted to biogenic remains.

a) Shale laminse

These are concentrations of argillaceous matter, usually between

1/16 and 1/8 ine thick which have an irregular surface, frequently dis=—
contimiouse Within the calcarenites, they are well developed and invariably
presents They are thicker, with less irregular surfaces, and more poorly

developed in the calcirudites, and rare within the calcilutites-calcisiltites.

" In some calcerenitic units, the laminge are epaced as close as %
ine aparte Numbers of them may be fairly equally developed; elsewhere, when
few in nunber, they are somewhat thicker, more pronounced, and more persis-—
tent laterallye In any one unit, the concentration of laminae is quite

constant laterally.

The individual laminse are typically undulating, with an average
relief in the order of -2 ins. over a lateral distance of a yarde On
fresh surfaces, the laminae are jrregular, even within a very ama:ll scale,
and thin sections reveal that some have almost stylolitic relief. When
traced 1atera].’l,v, most of the Jaminae pinch out rather sbruptly (see
figse 19, 26), with the carbonates beyond showing no sign of a break at

that particular levele In a vertical section, some bifurcate laterallys
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When present in units that contain changes in microlithology, cross-lamination,

etce, it is apparent that the laminae are originsl bedding surfaces, whose

irregular nature is not due to post-depositional changes. It is possible, Q
however, that a minority of the laminae have become irregular through the
disrupting activities of burrowing organisms.

In thin-section the laminae appear as fairly homogeneous, bituminous

units with considerable surface rel'ief‘. They contain concentrations of non-
carbonate detrital graipa 8.ge quartz, mica, in greater proportione than

the adjacent carbonates There is no field or petrographic evidence, however,
of solution or cérrosion of the carbonate to produce these laminse throﬁgh

concentration of insoluble residues, nor should they be regarded as stylolites.

If solution were not a factor in caueihg the cohcentration of
argillaceous matter into these laminae, then it must be presumed that they
were formed by a) an influx of such material perioedically, b) périods of
non=-carvonate deposition, or ¢) some means of collecting drifting clay and
silt particlese The main feature of their morphology that is not easy to
explain is their a.brupt ending with no sign of any sedimentation bx“éak 4in
the surrounding sediment. Explanations a) and b) require some form of
current or wave activity to concentrate this material into 1;)&J.tcliem s yot with=
in the amas of concentration to cover completely and uniformly the rather
jrreguler bottom surface. Another explanation suggests that certain ir-
reguiar patchy areas of the sea floor, particularly during periods of slow
or arrested depositlon, were covered by a tacky organic mat, especlally
planktonic micro-organismss This covered all the irregularities and trapped
any detrital material washed by in suspensione Thus, a concentrate of
argillaceous matter formed over patchy areas, reproducing the intricato

surface of the substrate. The presence of organic material explaing the
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bituninous nature of the laminae. Such areas of sticky organic debris have

been cbserved on the present carbonate sediments of the Bahama Banks ‘Q
(Newell et. al., 1959, p. 220).

The above hypothesis also explaim the variations of the laminae
with lithologye Thue, the relative écarcityw in caleilutites is a reflect=
ion of the lack of organic material in these areas of probable high salinity
and/or the lack of currenturcapable of bringing in sufficient quantities of
argillaceous materiale Calcirudite accumulation is unlikely to allow areas
of such organic material to remain exposed for any length of time or with-
out later reworking of the sedimente The model environment, however,
would be that of the intermediate calcarenites where the rate of deposition

was less, ample organic matter wes present, and the currents were weak

enough to prevent wholesale reworking and shifting of the sands, but strong
enough to bring in fine argillaceous matter. Here, there was no apparent

break in deposition in the areas of carbonate sands not covered by the

organic mat that can be qbaerved after lithification.

The theory of an organic trap is appealing, logical and explanatory,
but is without conclusive evidence. There is, of course, no need to call
upon a sticky mat to trap the argillaceous sedimente Presumébly the same
effect could be produced by the baffle~action of marine Wgrass" (Ginsburg
and Lowenstan, 1958, Newell et al. 1959, Beales, 1963)3 this was not
present during the Ordovician, but other marine plants no doubt played an
important role in gediment-binding. One.such type could have been a mat
of algae, comparable to those producing stromatolites, but trapping only
a single layer of sediment before death (e.ge see Black, 1933%; Ginsburg,

1960)s This too could explain all the sedimentary features of the laminae,
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‘but, unfortunately, none of the above suggestions can be conclusively shown
to have given rise to the 1amina§. q
b ) Internal bedding
Most observed types of internal bedding are clearly associated with
particular lithologles and many have a definite stratigraphic and environ-
mental position and significance. The sections were too widely spaced and

too poorly exposed to allow the recording of worthwhile current datae

McKee and Woir (1953) introduced a standardized nomenclature of
cross-stratification, which was widely used, but has recently been redefined
by Allen (1963)e Allents classification has genetic comnnotations, some of
which seem to be applicable to these 1imés‘oones. Several of his cross—
stratificatlon types necessitate a three dimensional view of the structures,
which is unfortunately rarely available with the Chaumont l1imestonsse The
morphology of the cross-bedded units is described below ard the environ=—
mentaliimplications are considered in Chapter 5.

a) Alpha-cross-stratification (Fige 2) (see Allen, 1963,p+101)

Similar cross-bedding occurs in the Chaumont, but is never large=
gcales The solitary sets are almost invarlably about 2-6 ins. thick (see
fig. %)e They ocour either as individual beds separated by shale laminae
or within a bed, in which case the limits of the set are still distinct
and well defined. The lower bounding gurface is non-erosional and the
gets are lithologically homogeneouse Within the sets, the individual
carbonate laminae rarely exceed 1 in, in thickness and commonly are
between /16 and /g ine; the laminse boundaries are not sharp and details
are only visible after prolonged weatheringe- The laminae dip at low angles

and apparent dips are frequently in the order of 50jmaximum dips reach up .




FIGURE 23

Main types of cross-stratification found in the Chaumont and
lower Rockland (from Allen, 1963),
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to 250, The dips, however, are commonly less than 50 and the sets are often

horizontal to sub-horizontal over tens of yards in outcrops Although the
horizontal sets are technically not cross-bedded, they are clearly part

of a unit that is so in part, and which is lithologically alike through-
oute The cross-laminae never ssem to show curved surfaces of the laminae

interfaces, and the sets are remarkably constant in thickness wherever ?

oxposed.

The carbonate type associated with alpha-cross-stratification
is also very constante. Typlcally 1t is a foseiliférous pelsparite. Normal-
1y the estimation of biogenic content is difficult in the field, owing to
the good sorting and the etched bandinge The biogenic content is quite
low, estimated at 15%-20%, the material is well sorted, abraded, and pre-
doninantly of shell debris. Pellets are abundant and form the rest of
the allochems; these too show excellent sorting and rounding and are of
fine calcarenite grade. 8parry calcite of medium crystallinity normally
predominates, but grain growth appears to have ocourred and so there may

initially have been a highér proportion of interpelletal micrite.

Mpha~cross-stratification sets do not occur uniformly within

the Chaumonte. In the eastern region, they are rare, occurring only once

or twice in a few of the sections examined. However, they become more ;
numerous in the overlying Rocklande In the western region, they are equal=

1y infrequent in the lower Chaumont, compared to the same position in the

sast, but 1nc.reaae in abundance upwards. They are most sbundant in a zone

gbout three-quarters up in the Chaumonte This is well seen at Buckham

Bay (locality 6), for instance, where between Unit 12 (at 18 ft. 7 ine) ‘

and Uniﬁ 20 (at 23 £bo 3 in.), exactly half of this intermediate thickness

is composed of units, and partial units, exhibiting such alpha=cross=-
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stratifications. These units very rarely occur in the upper few feet of the

Chaumont, where another type of cross-stratification pz'édominates. They

do, however, appear in the lower Rockland, becoming more abundant higher up
when asaociated with finer-grained carbonates.
b) Zeta-cross-stratification (Fige 2) (see Allen,1963, pe10L)

This form is rather rare in the Ghaumont and, unfortunately, a
three=dimensional view is required for true appreciation of the geometry v‘l
of the unite. A4s this is never seen, it is not positive that this is the |
type.of cross~bedding involved. It is possible thét, at times, iota-crose-
stratificétion or even theta=cross-stratification (see Allen, 1963) are
deveiqped. However, from those observed it seems most likely that the

" bodies are elongate trough infillings of extensive axial length and thus
" shaw zeta=cross-stratification.

The sets are petrographically identical to those of the alpha=
cross-stratification type, the 'main difference being that these sets
occupy eroded troughse The laminae appear to be predominantly concordant,
but oblique sections through the troughs, providing only two-dimensional

views, do not allow accurate determinations

Athough normally associated with the alpha~cross-stratification,
zeta~cross~stratification is much rarer, and can only be expected with soms
certainty to occur in the zone of fairly abundant solitary-sets of alpha- -

cross-stratification i.es at ‘about two-thirds up in the Chaumont of the

western regione Close association in relative abundarnce, together with the
similar lithologies, suggests a fairly close genetic relationship between

these two types of cross-bedding. The size of the troughs is somewhat
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variable, but they are normally wide and shallow with no steep sides; one
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trough, for instance, measured three feet wide and six inches deep.

Distribution of alpha=~ and zeta-cross-stratification within the Chaumont

The area can again be considered on & regional basis. To the

~ east, both types are rarely found in the Chaumonte Of the sections studied,

four beds weré found in limestones that seemed certain to be Chawmonte In
some sections, where the boundary problem with the Rockland is particularly
troublesome, the descriptions of units was carried up into beds that are
almost certainly Rocklande If these are considered, the number jumps to
fifteen observed sstss In known lower Rockland elsewhere, these were
observed to be more plentiful, but the details were not recorded. There

is, therefore, a sharp increase in the number of these sets in passing from

the Chaumont into the Rocklande In further comsidering these fifteen, two

occurred as. separate beds and the rest within larger units; of this latter
group, seven are located at the top of their respective units and six at
various levels within the unit, none formed the basal bed. -All fifteen
were in the order of 3-6 ims. in thickness. Occasionally, the base of

these sets is an irregular surface - either erosiona:!. (then more correctly
termed gaxmna-croee-stratiﬁcation) or an irregular, but non-erosional |
depositional surfaces. Normally the sets are discrete ard have distinct
bounding surfaces s but occasionally they may be gradational upwards i.ee
from horizontal and sub-horizontal laminated units into non-laminated
calcarenitese Zeta~cross-stratification is evenxmore rarely found, although

1% occurs in several units in the rather anomalous section at Perry Road

(locality 10), where three sets v reach maximum thicknesses of 9-12 inse

The indiﬁdual gets are not sufficiently abundant to be correlated from

gection to section, but it is very doubtful that such thin units, which are

frequently seen to vary in thickness and sometimes to wedge out, extend over




a distance of a few miles.

¢) Nu~cross-stratification (Fige 2) (sece Allen, 1963, p. 107)

Present exposures encountered do not allow precise allocation to
one of Allen's subdivisions., It is generally difficult to distinguish
between nu-cross-stratification and pi-cross=stratification, although the

former is small-scale (i.e. less than Scms.) ﬁhereas the latter is typically

of large-scale.

Nu~sross-stratification is found in compact platy beds, invariably
less than 9 ins. and more commonly between 3-6 ins. thick. Fairly constant
in their thickness throughout an outcrop, several beds generally occur
together to make a fairly uniform unite The sets are composed of laminae
1/8-1/); in. thick which are convex dowmward and each set is truncated by
usually at least two curved basal erosional bounding surfaces of other

scoops or troughse Apparent dips reach up to 200~25% but are very variable,

The carbonate type associated with nu-cross-atratiflcation is
usually a biopelsparite or pelletal biosparite s infrequently of rudite
grade. Biogenic debris is abundant, poorly sorted, abraded, frequently
shows signs of incipient silicificatlon and is a.liénad parallel to the
croae-stratification; Fellets are only moderately to poorly sorted and
are less sbundant than fossil allochems; aggregate lumps may also be
present, but are less than 10% of the total allochems. Sparry calcite
ocours, but in places is lesa abundant than the granular mosale that
appears to have developed through grain-growth of miorite. The banding is
usually reflected in a segregation into biosparite (fossils amd true sparry
calcite) and biopelsparlite (fossile and pellets with predominantly granular
cement)s Many, and often the majority of the fossil allochens , and also

rarely intraclasts, show recrystallization of the internal caleite to a

' -
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coarse granular texturey but seemingly never completely obliterating the
outline of the allochems

Within each bed the pattern of interfering troughs is falrly
constante The usual width of these is about three inches and the thick-
ness about a third of their widthe

Distribution of nu-cross-stratification in

the Chaumont

This type of cross-stratification, and those with which 1t could
be confused, are not found to the east of Carpe They are best developed
at Buckﬁam Bay, Fourth Chute, and Pine Valley; although not observed at
either Clay Bank. or Meath Hill, they may occur in the unexposed parts of
the upper Chaumont at these localities. In occurreme, they are restricted
to the upper five feet or so of the Chaumont, gemerally concentrated in ons
or two units that may be in the order of 12-2l, ins. thicke. Thus, they lie
stratigraphical]y above most of the alpha-cross-stratification unit.s and
below the lower Rockland caléirudites.

d) Omikron-cross-stratification (Fige 2) (see Allen, 1963,

ppe 108, 110)
. This croas;bedding typé is not present in the Chaumont, but
occurs in thé lower Rockland calecirudites of the western reglione Since
these are an integpal part of the facies pattern, these structures will be

described heree

The beds under discussion are thick, compact, 1lithologically
homogensous, and ars the coarse-textured calcirudites seen for example at
Clay Bank, Fourth Chute and Pine Valley, and not the typical Rockland

calcarenites that in places (e.ge Buckham Bay) are interbedded with.the




calcirudite units. The internal stratification is only apparent after

prolonged weathering and both horizontal and inclined stratification are -

presente In a two dimensional exposure, however, it is not possible to

ascartain if the horizontal stratification is inclined at right angles to

the face observed. Some cosets, normally containing only two or three sets,

have a fairly consistant inclination and have the characteristics of the

omikron~cross-stratification typee Individual sets are commonly 9-24 inse
in thickness. In any one quarz;y face, cosets of inclined strata are less |
abundaht than horizontally to subhorizontally bedded units. The best

extensive exposure of the lower Rockland calcirudites is the Bonnechere

Lime Cos quarry near Eganville (see Kay, 1912, ppe 601, 60L4)e In some {[
cases, individual sets of inclined strata also occur which appear to ;

exhibit alpha,-cross-sﬁratification, but again, it cannot be determined that
the adjacent units are not cross~stratified if they exhibit horizontal 3
internal bedding. | |

The sets exhibiting omikron-cross-stratification are rarely ' !
con;prised of laminae, but of cross-strata of about %~1 in. in thickness
ore
which/usually ill=-definede The apparent dips are variable, but approach

a maximum of 250,

The typical carbonate types hers are biosparudite and intra-
Bparudite. Sparry calcite is wholly dominant as the cement and there is
no evidence of any significant amount of micrite having been presente 1
0f the allochems, fossils, intraclasts (aggregates) and pellets are present
in variable proportions. The biosparudites are composed essentially of

fossils - with bryozoajsalgae, and ghell debris predominating - with a few

large pellets and/or intraclaste. There is frequently incipient silicifi-




calcirudite units. The internal stratification is only apparent after

prolonged weathering and both horizontal and inclined stratification are -

presente In a two dimensional exposure, however, it is not possible to

ascertain if the hor:lzontal stratification 1_8 inclined at right angles to
the face observed. Some cosets, normally containing only two or three sets,
have a falrly consistant inclination and have the characteristics of the
omikron-cross-stratification type. Individual sets are commonly 9-21;' inse
in thickness. In any one quarzly face, cosets of inclined strata are less
abundaht than horizontally to subhorizontally bedded unitse. The best

extensive exposure of the lower Rockland caleirudites is the Bonnechere i

Lime Goe quarry near Eganville (see Kay, 192, pp. 601, 60L)s In some i
cases, individual sets of inclined strata also occur which appear to x

exhibit alphg-cross-stratification, but again, it cannot be determined that

the adjacent units are not cross=-stratified if they exhibit horizontal
internal bedding. ' i

The sets exhibiting omikron-cross-stratification are rarely 3
con;prised of laminae, but of cross-strata of about %=1 in. in thickness J
ang
which/usually ill=defined. The apparent dips are varisble, but approach

a maximum of 259,

The typical carbonate types hers are biosparudite and intra- ‘
sparuciit.e. Sparry calcite is wholly dominant as the cement and there is
no evidence of any significant amount of micrite having been presente
0f the allochems, fossils, intraclasts (aggregates) and pellets are present
in variable proportionse. The biosparudites are composed essentially of
fossils - with bryozoajsalgae, and shell debris predominating - with a few

large pellets and/or intraclasts. There is frequently incipient silicifi-
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cation shown, especially in the foasila; Intrasparudites are composed
primarily of aggregate lumps and a minor amount of rounded rip~-up clasise
This type appears to be far better sorted than the blosparudites and is
typically of finer grade e.g. intrasparudites are nearly always of fine
calcirudite grade, whereas b‘ioaparudites also include medium calecirudite
grades. The coarseness and ill-definition of the cross-strata do not allow
adequate comparison oij adjacent cross-strata in thin-sectione

¢) Graded bedding

A fairly uniform vertical change in particle size within a bed
was observed at some localities in the Chaumonte Overall, this feature is
quite rare and seeins to be mainly restricted to the thick calcarenite beds
or, more rarely, to the beds showing horizontal lamination and/or alpha-
cross~stratification. In the graded calcarenites, the visible allochems -
mainly biogenic debris -~ were most frequently coarser and more sbundant in
‘the lower parte, grading up over one or two feet into fine and sparsely
distributed allochems. A reverse sequence was noticed once or twice. In
the graded laminated units, the few beds exhibiting this showed a change

over a few inches into typical calcarenitese

A1l these types of graded beds seem to indicate a gradual, but
fairly uniform, changé in the energy enviromment and do no£ suggest a
sudden influx of material with rapid settling of the coarser fraction
first, as is characteristic of many greywackese The environment of de~
position of these carbonates would also favour, almost excluaivel&, the
former mode of formatione Because of the lithologies associated with the
graded units, they aré very rare in the western region and rare to in-
frequent in the easte

d) Contraction stringers

e.
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Within some of the calcilutitea in the Chaumont of the western

region are smali lenses of sparry calcite (see fig. 13)e These are usually
between =1 in. long and 1/16-1/8 in. wide and are invariably aligned normal
to the bedding. They may show slight irregularities but are essentially
thin and lenticular, dyling out at either emd, and are filled with pure

sparry calcite producing sharp contactse

These are not known to be allied to mud-cré,ck aurféces gince no
visible surfaces exist, they are few in number and can ocour at varying
positions, and they pinch out at either ends It is p'oséible that the
channels - later to be filled with gpar -~ were 'burrows, but this seems most
improbable. The most plausible -explanation that the features were formed
as tension or contraction cracks during the elimination of water from t};e
1ime ﬁmd. They only'occur in carbonate muds and silts and are not in- |
frequent in the Lawvln; stratas At what time this operated during the
processes of lithification and diagenesis and when the growth of sparry
calecite occurred cannot be determined. These cracks are too infrequ'ent,
too small, and different in shape to be regarded as "birdseyes" that are
well developed in the New York Lowville (Ra:}mond, 1931) and which may well
be burrows (" 0 sié"). The vertical nature suggests some form of
dehydration process 'ra:oher than pure compaction. Another postulate for
this t.jpe of structure has been that the spar has infilled channels that
wore the escape routes of interstitial water (Illing, 1959). No conclusive

proof can be deduced for any one of these suggestionse

e) Chert and silicification “

1) Chert

Chert occurs in the Chaumont as nodules, very rard in the east-
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ern region, but in the western region, they are more common and usually
occur in preferred beds and are not uniformly scattered throughout the

formatlone The nodules are of dark grey to black, badly weathered,

cryptocrystalline chert, rather irregularly shaped, but with rounded surfaces
(cf. Mexotic potatoes"), usually averaging 1-l ins. across. In the Chaumont
of the western region, they occur in calcarenites but are also observed in

cross-stratified units and their relationships here clearly indicate a !
replacement origine They are most commonly found scattered throughout %

units which are more plentiful in the upper part of the formation. It

should be stressed, however, that chert is a very minor, almost insignificant,

part of the limestoness ‘

Within the megagroup, chert is.only common in two formatlonss
the Lowville and more particularly the Hulle The greater occurrence in
the Chaumont of the western region would seem to be partly controlled by
the proximity of the calecirudite facies; for chert is associated with a
somewﬁat comparable facies in the Hulle Thus, whether the presence of
chert is controlled by porosity and sedimentary facies, by organic and
biochemical processes, or by some other factor, cannot be determined at
present. The relative abundance in both some calcilutites and some
caleirudites may reflect a polygenetic origin amd would be worthy of a

detailed study. ' : f

2) Silieification
Silicifi&ation of fossils occurs in the upper Cha_umont and ‘

lower Rockland of the western region. In the Chaumont it is quite rare

with bryozoags,algae and corals particularly susceptible. Silicification
is more apparent in the lower Rockland and in the calcilutitic Paquette

Rapids Beds (Rockland?). Such replacement is often incipient and cannot
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be recognized in hand specimeh; in thin-section, however, it is very apparent.
Algae are the most susceptible, the silicification proceeding along the in-
ternal structure but eventually oﬁliterating all trace of thise The central
pqrbione of the algae are generally the first zones to be replaced and

porosity may well be an important factor involved in this process.

Thus, the presence of chert amd silicified fossils is only
conspicuous in the western region and ssems to be related to the develop-
ment of the lower Rockland calcirudites. Their occurrence in the Lowville,
being more widespread and lower stratigraphically, may be controlled by
other independent and unknown factors. The decomposition of orthoclase
felspar to give kaolinite and free silica (to form chert) has been considered
the cause of chert formation in the sub<Trenton rocks of the Cincinnati

Arch area by Calvert (196l) and this could perhaps be one factors

L) Biogenic remains

The nature and effect of coﬁtemporary organisms was noted whenever
possible during field work, but only t};e conodonts have been studied in
detaile The considerable work of Wilson on the paleontology of the megagroup
has been published in the G.S.C. bulletins referred to previously. In most
of these, however, the "Leray" and Rockland fossils were treated together
80 iittle of direct usa‘can be incorporated here. Some phyla may contain
certain diagnostic forms in the Ghaumont, but detailed research, with tight
stratigraphic and facies control, is required to discover thise. Reference
must be made to the work of Kay (1937, 1942) who leant heavily at times on
the paleontological record and gave faunal lists of the Chaumont and

Rockland from several places.

The fossil record in the Chaumont presents three main asgeis to
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the current study. It provides an idea of the biological associations of

the conodonts, useful indications of the environments, and is a valuable

criterion for estimating the grade size of the allochems within a unite

The various types of biogenic remains will be considered and also their
relation to the three broad:groups of carbonatess the calcilutites, cal-

carenites, and the calcirudites.

a) Incomplete fossils and fossil debris
1) General

Ae; atated previously, foss?.l debris is of value in determining
the allochem grade size and aofbing. The latter factor is difficult to
assess in beds of low biogenic content or of fine grain size, but becomes B
progressively easier with an increase of these. Under the term fossil
debris is comminuted ﬁiogenic material which cannot be readily recognized
as belonging to a particular phylums. The single main exception to this is
crinoid. osaicles, which are recognizable fragments of the original complex
organisme These seem capable of withstanding extensive transport without

significant abrasione

In conéideri.ng’ this debris it is necessary to attempt to discoyer )
how this abrasion and breakage took place. There appear: to be 6n1y two
mein factors involved, both of which could have operated at once, or at
least prior to fossilization. These are (1) mechanical abrasion ard break-
age and (1i) partial destruction by organiems. It is not possible from
the type of fragments %o ascertain which of these two caused the breakdown,
but a consideration of the enclosing sediment in some cases favours ons of |
them, For instance, debris "floating" in a calcilutite matrix is likely to
have arrived at that state tﬁrough dis;intregration by the activities of

benthonle or burrowing faunas. Such disintegration has been touched upon
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in several publications (e.ge Ginsburg and Lowenstam, 1958). Likewise,

debris in a cross-stratified calcirudite, which may also contain disrupted
coral masees;, 1s likely to have become abraded through mechanical agencies
with relatively little organic interference. In general, however, the 1
effects of both micro-~ and macro-organisms are probably always present,

whereas those of mechanical destruction seem to be almost eliminated in

some envirorments, but, conversely, greater developed in others. ;

These two factors are also dominant in determining the ultimate
distribution of the debris within a bed. Constant vigorous turbulence
can cause winnowlng and good sorting of debris, whilst intemmittent current

action can result in a heterogeneous distribution. Likewlse with organic

- activitys extensive burrowing will completely homogenize a bed in time
(Ginaburg, 1957), whereas incomplete turnover or the variable activities
of bottom-dwelling destructive organisms will give rise to a heterogeneous

| distributione.

2) Debris in calcilutitess

3 | Debris here is frequently scarce, poorly sorted, with little def- |
inite orientation; normally it consists of a few large shell fragments
floating in the matrix, together with rather more common, much smaller,
debris of fine sand to silt grade. In some cases, there may have been
extensive reworking of the sediment by l.)urrowera. Occasionally, a unit
will have a rather high biogénic content despite the presence of a éal-
cilutitic matrix. Here the debris, predominantly shelly, shows alignment
parallel to the bedding with the convex gides of the more complete shells
oriented upwa;rde. A probable explenation is that certain areas of the
1ime mud environment sustained quite dense populations, perhaps on areas

of lithified or rocky bottom, which during isolated storms were strongly
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ebraded and spread out over the surrounding ocoze. Such storms would be

unlikely to remove much of the fine sediment taken into sugpension, which B

would later settle into the interstices between the shell debris.
3) Debris in calcarenites

Biogenic debrls here is generally fairly abundant and conly very
rarely gbsent. Typical estimated percentages would be in the order of
25%~L0% of the total rock, but ranging from less than 5% to coguinale The
debris is normally quite evenly distributed throughout a bed and tends to
be rather poorly sorted except in those units with a biogenic content
exceeding 60% which are well sorted coquinal bede. Many units, particular— |
ly in the eastern region, and in beds well laced with shale laminae, have
the debris partly evenly distributed and partly concentrated in pockets.
There is no obvious explanation for this as there is little structural
evidence within the beds themselves. Many pockets, however, are located
close to the steep slope of a rise in an irregular shale lamina « This
may indicate that these are concentrates in hollows or irregularities on
the old sea floor, many of which may have persisted in one position during
the deposition of an inch or so of sediments Most, if not all, of the
pockets could be explained :in this way, but owing to the lack of much
positive evidence, other unknown factors may have also played a sig=-

nificant role.

Only rarely (e.ge in the alpha-cross-stratified units) does the
biogenic debris exhibit any geometric distribution pattern. Considering
the amount of recognizsble fossil material within the beds, 1t is surprising
that there is not more debris visiblee It seems most likely that the debris
is constantly being reduced in size eventually to become unrecognizable as

fossil materiale. This too is consistent with modern processes, where other
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biological agencies in particular persistently attack such material at or
Just below the sediment-water interface. It is pertinent to question to

 what extent mechanical or biological agencies are important in-the break-

down of biogenic materiale If the biologic influences predominate, it is
invalid to use this criterion for the determination of £he type of energy
envirorment. From a cor;sideration of modern processes, the distribution
. of the debris, and of the other sedimentary features (e.ge amount of .
m:lcrii?e, degree of pellet soﬁing, etc.), the writer feels that in the

"Ottawa-type" calcarenites the biological effects are often more important

than mechanical breaskdowne ~Only in the units showing high biogenlc content
(over 50%) and those showing associated features of transportation (e.ge
cross-stratifigation) do the mechanical effects probably exceed the

biological,

;) Debris in calcirudites . al
' drganic material here is normally very abundant, generaily exceed-

ing 50% of the total rocke Although sorting ies usually good, that of the

" coarser caleirudites is often quite poore The .reasona for such abundance

are fairly clear. The sédiment type (see interpretation, Chapter 5) probably |
represents a high energy aﬁoal area for the calcirudites of the lower 1{
Rockland. In such an enviromment, .-+ ...: life, particularly small .élgaé, |
was prolifice The organisms were subject tq mechanical transport ard
abrasiony since fine pfecipitated carbonate was continually swept into

quieter enviromments, togethér with the "dust" produced during abrasion,

the majority of the material of rudite grade was blogenic debrise

The calcirudites occurring as isolated units appear to have been

formed mainly through a sudden reworking and transportation of surface

sediments, with a winnowing of the finer material and a concentration of
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the coarser, and predeminantly biogenic, material. In these units sorting

is generally good and biogenic content frequently averages 55%~65%. ‘Q’ 5o

The assoclated sedimentary features indicate considerabls mechanical
transport and presumsbly this process pradominated over the biological
agencies in the breakdown of debris. However, even an approximate relation-

ship between the two is impossible to estimate with confidemnce.

b) Burrows and related structures

1) General

Trace fossils and evidence of burrowing are fairly common features
in the Chawmont, (see f£ig. 2l}) but exposures are not suitable for revealing

their three dimensional patte‘rn. They are generally seen in cross-section

. as irregular infillings of a different carbonate type to the host rock and

are usuall& circular to subcircular, linear to random burrows, about £

ine in diametere

The carbonate type £illing the burrows is usually coarser than
the host rock and of higher biogenic coﬁtent; there is considerable variation,
however. Upon weathering, the burrowsg usually adopt a sandy colour and
appéar to be somewhat more soft and friable than the surrounding carbonate
and stand out in iow reliefe In some cases, it is difficult to distinguish
trﬁe burrows from irregular channels associated with discontinuity surfaces.
Occagionally the infilling sediment bears no resemblance o’ either the host
rock or the overlying unit and the infllling deposit was probably derived

from a shifting train of rippless ’d

Burrows are rare in calcilutites, calcirudites and cross-bedded
strata, but frequent in calcarenites and especially calcieiltitess Thus,

they are common in the eastern region, particularly in the lower seven feet
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or so whers they are invariably present. They are common in thick massive
units and rare in thin beds; in some of the lower Chaumont beds the burrows

are estimated to form up to 10%=15% of the rocke

The action of burrowers, in particular worms; has been generally
overlooked déspite several studies (e.g. Dapples, 1938, 1942; Ginsburg,
19573 Moore and Scruton, 1957)e ‘Davison (18913 in Dapples, 1938, p. 58)
estimated that lugworms (Arenicola) can eat as much as 317 tons of sedi-
ment per acre per year which would clearly have a profound effect on the
sediment and on internal structumé s de'stroy:lng many old ones and creating

gome nNew oneBe

' The burrowers appear, .howevar,' to have been few in number if their
total burrowings are the ones observable today. Their effect on the -eedi-
ment was considerable at times, but their overall effect on the fomat;i-on
is smalle It should be noted, howsver, that the burrows are filled with
a different type of materiale Possibly certain gediment-ingesting
organisms burrow through sediment and repack it without any noticeable
significant changes In this case, sush burrows could pass unnoticede
The shale laminae, however, are indications that such activity, was not
extensive in most of the Chaumont calcarenites.

¢) Complete fossils |

1) Corals .
Three main types of corals were ‘noted to be significantly abundant

and all seem to be closely controlled by the type of bottom sediments With

each one it is possible to see if the coral is still in a growth p9sition-

First, the Tetradium group is jmportant in both the Lowville and

the Chaumont. The species that are abundant in the upper Lowville and




Tetradiume The robust compact heads of I. fibratum Safford are only found '
- — |

S
which may occur in the caleilutitic beds within the Chaumont of the western

reglon, are Te syringoporoidss Ulrich and especially Te cellulosum Hall,

These delicate elongate fossils are extremely abundarrb in the topmost

Lowville bed throughout the region. .Some are in the position of growth,
but most seem to have collapsed to a horizontal or subhorizontal position, “;‘
but rarely moved any significant distance from their growth location. A

few thin beds occasionally reveal a fairly high proportion of transported

in the Chaumont in calcilutites, calcisiititea, ‘or more rarely, calcarenites.

These reach over a foot in diameter and are frequently removed from growth

position.

Winder (1960) suggested that these species groups of Tetradium
are restricted to certain lithologies and that their occurrence is controlled

by current and wave strength. Thus, the species grade from the single i

slender corals of the (Pamelia-Lowville) quiet lagoonal anironments to the 51
massive colo;lial forms in rough-water conditions. The writer has found ’
this to be essentially correct, although the T. fibratum-bearing units do

not seem to indicate such high energy conditiéne a8 Winder proposes for

the Goboconk of S.W.Ontario. T. fibratum is common in the western region

but much rarer in the east.

The second group of characteristic corals is those within the “

Lyopora-Calapoecia group. These occur as strong, robust colonies, usually

between 6=12 ins. in diameter, being common in the west but less 8o in the
easte. In the western region they are particularly abundant in the cal=-
cirudites of the lower Rockland, but here nearly all have suffered transport-
ation. They are almost non-existent in calciluﬁitee s but. frequent in the

calcarenites, especially the coarser grades. Hence, they seem to favour a
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falrly high energy enviromment, but were apparently incapable of remaining

permanently fixed in the enviromment represented by the lower Rockland
calcirudites.

The third and least imporﬁant group includes the solitary cup

corals €.ge Lambeoghyllum,' Streptelasma. These appear to be almost entirely

restricted to the calcarenites and are not particularly abundant; they are

perhaps more numerous in the eastern regione.

2) Brachlopods

Three main groups are reasonably prolific in the Chaumont and the
enviromment probably strongly influenced their distribution as was recently
found by Williams (1963} for some Caradocian brachiopods in Britain. They

are not easy to observe since bedding plancs are not well exposed.

The orthids (e.ge Plectorthis, Hesperorthis, Dalmanella, Doleroides,

Pla-tystrophia) are well represented and are probably the most numerbus
types They are closely followed, however, by the strophomenids (e.g.

Rafinesquina, Ypikina, Strophomsna) which are generally large and reason-

ably well preserved. The third group, the rhynchonellids, is considerably

rarer than the other two, but specimens are by no means uncommonle Typical

representatives are Rhynchotrema and Zygospirae .

Brachiopods are rare in caleilutites and are rather infrequent
in caleirudites, but there is considerable shell debris in the latter and
the relative sbsence of brachiopod shells could be due to post-mortem
destructions They ars most readily observable in calcarenites, particular-
1y the "Ottawa=~type" and in the rubbly and shaly calcarenitic units of the

western regione
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Brachliopods are also the malin constituent of most coquinal

Chaumont units throughout the areae Their concentration in coquinal beds

may indicate local areas of higﬁ brachlopod populations or they may have

merely been concentrated by mechanical transportation.

3) Cephalopods

The Chaumont 1s charactérized by the relative abundance of large
endoceroids and actinoceroids which reach several feet in length. Wi’ohin-
the megagroup, these are most numerous in the Chaumont, but they are not so
abundant as to be of great value in the present study. They are commonly
found in the calcéianites 5 but are not excluded from the other sediment

types. Besides these two, the only other important group of cephalopods

is the much rarer ascocerolds.

l}) Gastropods, Trilobites and Bryozoané

A1l three are éluite common within the Chamnént, particularly the
calcarenites, but are generally poorly preserved or fragmentary. This is
particularly the case with the trilobites and bryozoans and for the main
types found see Wilson (1947) and Fritz (1957) respectively. Bryozoans |

are very rare in the calcilutites.

The gastropods (Wilson, 1951) ave found in all 1lithologies and
the most typical forms found in the Chaumont include Hormo’ooma, I_._o;ghoagira,
and Lioggira. Maclurites occurs very rarely but is much more frequent in
the Rockland, particularly the calcirudite facies. Probably the gastropods
follow the type of facies control advocated by Winder (1960) i.ee high=
gpired forms occurring in quiet water conditions and planispiral types
being more adapted to the high energy envirorments. The present study was

not sufficiently extensive to confirm Winder's ideas on this point, but
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calcarenites, but are generally poorly preserved or fragmentary. This is
particularly the case with the trilobites and bryozoans and for the nain
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are very rars in the calcilutites.

The gastropods (Wilson, 1951) are found in all lithologles and

the most typical forms found in the Chaumont include Hormotoma, Lophosplra,

and Liospira. Maclurites occurs very rarely but is much niofe frequent in
the Rockia.nd, particularly the calcirudite facies. Probably the gastropods
follow the type of facies comtrol advocated by Winder (1960) i.ee high=
apired forms occurring in quiet water conditions and planispiral types
being more adapted to the high energy environments. The present study was

not sufficiently extensive to confirm Winderts ideas on this point, bub
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the facts tend to support rather than deny them.

| y |
5) Algae and stromatolites

Algas, possessing preserved cellular structures, occur in the
Chaumont, but are small and are not well seen in hand-specimen. In thin

section, they are seen to be one of the important biogenic constituents in

many samples, particularly some calcirudites. Thin sections also reveal

that incipient silicification is common. The explanatlon for this early
slli¢ification is not apparent, although the porous nature of the algal ‘
framework may have aided in concentrating the silica. Whilst no attempt

was made to identify the algae, those referable to a Solenopora-type :

were noted to be ome, if not the, commonest variety.

Stromatolites are not abundant in the Chaumont and are almost
entirely restricted to the western region. Normally, only occasional
jsolated specimens are found and are of little value, but one unit at
Burnt Lands (locality 8) is prolific in these forms (fig.v 27)e The unit
overlies 1-2 ins. of shale which may 1ie on a discontinulty surface s and
is 60 ins. thick, of which the lower 25-20 inch subunit contains the
stromatolites. The 1ithology is essentially of Lowville type i.e. mediun
dark grey, finely crystalline, pelletal calcisiltites, with a biogenic
content (excluding the stromatolites) of 10%~20% which is of mgdium to r
coarse calcarenite grade, The unit breaks up into 3=l in. beds along !

irregular shale laminaes The stromatolites are very abundant and occur

at least every 6 ins. or so along the outcrop of the bed and range from q
315 ins. in size., More than one type is represented and can be classified

in the manner proposed by Logan et ale (196L)e They are interpreted in the

light of Logan's work (1961) on modern stromatolites in western Augtra]ia.
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All the stromatolites are discrete, with no conmscting laminae ’

and fall into two broad groupss. a) vertically stacked hemispheroids

composed of close~linked hemispheroidal laminae (see fig. 27), with the

structural formulas SH - v (see Logan et al., ibid, ppe 75f77) and

b) concentrically stacked spheroids with laminae composed of close-=linked

hemispheroids, the structural formulae beings 83 = C (see f£ige 27)e The
TIH =G

former are massive columnar units, widening vertically and exhibiting

crude broad laminations or banding; these form the largest stromatolites.

Members of the latter group are smaller and subcircular in shape. Most of

the specimens seem to fall into the Mode "I" group (Logan et al., ibid.,

fige L), with very few, if any, in the other groups. A detailed study of

all the stromatolites was not made, hence these comments are based on

qualitative evidence only.

Tn the Chaumont locality, the vertically stacked hemlspheroids
geem to have given rise, by spalling and scaling, to smaller types. If
fixed, these are destined to grow upwards into similar e‘tructurea, or if
moved abouf., will remain as concentrically stacked hemispheroids - the
particular type depending on the degree of rolling and agitations If this
were the case, comments from Logan et alo (ibid., pe 80) on the environ=
mental characteristics of similar types from Australia, may equally apply

to those observed in the Chaumont.

They report thats

“Discrete,.club-shaped heads with 8H = V arrargement are
common in reef developments on headlands and locations
where sea waves are moderateeeseThe Shark Bay structures
" of thisftype begin from small pleces scaled off other
mats and stromatolites during periods of desiccatione
These scales are reactivated on the damp 1littoral sub=
atrate and become the nuclel on which hemispheroidal
laminae are stacked with progressive sediment binding
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and upward growthees.desiccation and induration is
mainly at the sides and the tendency is therefore

toward upward growth rather than lateral spreading. "
The stacking continues with binding of detrital sedi- S

ment in the cap to maturity at a few inches above
high water."

-

Commenting on the 338 = I type, they state (ibid., pe 81)
thats

"Such structures may be formed by the spalling=off

of the tops of SH stromatolites during storms. Some

of these scales fall to the bottom in a concave upward

attitude, and, if conditions are suitable, they will

begin to grow into new SH structures. However if their

renewed growth is interrupted by rapid sedimentatlion, they

wlll be preserved as 83 - I structures. It can readily

be seen that a very close relationship exists between

8H and 83 structures of this type." '

The Chaumont stromatolites seem to indicate similar conditions =
shallow littoral environment with the growth of SH types, but with fairly
vigorous wave action at times causing parts of the stramatolites to spall
offe Depending on the persistence of this wave action and on the rate of
sedimentation, these either developed into new SH types or into subcircular
SS types, particularly the S8 = I mode. The calcilutite matrix sediment
indicates that vigorous wave action was by no means dominante It is

considered that a return to deeper water led to the disappearance of the

stromatolites in the higher subunite

6) Othera:
Other faunal groups are represented in the Chaumont by complete

fossile e.ge echinoderms, ostracoda, pelecypods, but are so infrequent

that only their relative gbsence 1s worthy of note here.
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. CHAPTER J

CARBONATE PETROGRAPHY OF THE GHAUMONT FORMATION Q

Carbonate studies have undergone profound changés in the past
two decades. These have largely been associated with the extensive research
on modern carbonate sediments, particularly on the Bahama Banks, and also
with the increased attention, especially by R.L. Folk, given to the
petrography of ancient limestones. However, an importan’o,' though narrow-
ing, gap in our knowledge still exists in relating the sedimentary features

of modern to ancient limestones (see Tmbrie, 196L).

Little carbonate research has been undertaken on the Ontario and
New York Mohawklan rocks. Beales (1958, 1963) has used some Black River
unite as examples and is currently concentrating on more detailed régional
studies of those limestones. However, the only other study has been by
Gillot (1963) who compared the petrography of some Pamelia dolomitic lime-
gtones from Kingston with a single Black River sample from the Ottawa
Valleye Hence, virtually nothing is knomof the petrography of the Middle
Ordovician limestones in the Ottawa Va}ley and very little has been

published on that of their regional correlatives.

As such work can produce valuable information on the sedimentary,
enviromments, the petrography of the Chaumont carbonates was investigated
in the present studye This was mainly restricted to those details that

would assist in determining environments and was not extended to attack
fundamental petrographic problems. Avout 120 thin sections were used, all

from samples that had in part been uged for conodont studies. A few

asetate peels and etched surfaces were examined, but thin section work was

found to be sufficient and, in almost every case, far more informative.
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The thin sections were taken from every sample of localitiess 1, 2, 3, 8, Q
13, 1, 16, 17, and 2, together with some miscellaneous slides from special

samples which were used to study a specific structure. As in the conodont
study, the detailed petrography was based primarily on the L0 samples from
the three most western localities. With thls as a standard for the
Chaumont, the petrography of the eastern area is brieﬂy discussede GCertain
common sediinentary structures were studied in thin section to shed more
1light on their origin and significance. In general, the terminology

introduced by Folk (1959, 1962, 156L) is here adopted.

The limestones dealt with are clastic with no biohermal develop=-
mente As with other limestones, their type is dependent on a) the allochem
characteristics and b) the nature of the interstitial and cementing material.
Allochems can be classified ass oblites, pellets, intraclasta, and foseiles
In the Chaumont units, no oBlites are found and intraclasts are a minor
constituent in comparison tc; the other twoe The material between the
allochems is  likewise variables microcrystalline calclte (micrite), sparry
caloite (sparite), or either of these can have undergone recrystallization
(neomorphism) to form microspar or a coarser variety of necmorphic calcite.
Finally, the 1imestones may show very minor degrees of dolomitization or
silicificatione The details of all these components are treated separately

below and are then related to the broader rock terms and subdivisions

described in Chapter Se

The quantitative analysis of the li0 samples from the three west-
ern sections 1s given in figure 5. This shows the relative abundance of

both allochems and matrix and cement, and hence the carbonate rock types.

ALLOCHEMS

a) Skeletal grains
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The proportion of skeletal grains in the Chaumont limestones under
discussion varies considerably from almost nil in some micrites (F.9) »

pelmicrites (M.=3), and dismicrites (P.Vs1l) to become by far the most

dominant allochem in others (e.gs M.l4)e In genaral, the amount of such

material averages for the same sample aboubt 20%-L5% (visual field estimate)
or 10%=30% (point-counted).

The proportions of individua;l. fossil groups varies considerably
from sample to sample (cfe Stauffer, 1962), but a quantitative study has
been attempted only with the conodonts; general comments are included
below for the other groups. Generalizations can be made on the relation=
ships between skeletal grains and the other allochemses In pelletal samples,
foasil material is usually the secondary grain-type; with intraclast~
bearing samplee, however, fossil debris sometimes assumes the dominant
role, especially if one were to include the skeletal material incorporated

within the intraclasts.

The very nature of thin section work precludes satisfactory
assessments on the extent of skeletal breakage. &tudies of present,-’;day
enviromments have revealed the extensive role of organisms in the break-

down of skeletal material (e.ge Hoskin, 1963; Klovan, 196l, pe 26).

Consequently, an extremely careful and detailed analysis would have to be

made to determine the exact roles of organic and mechanlcal processes in

iy

this breakdown. .

A more reliable parameter for determining ancient environments i
is the relative proportion of micrite and spar between the allochems. In

high=energy envirorments, the micrite is washed away leaving ample pore

BAXR RSt Lt

gpace to be occupied by sparry calcite. There are exceptions to this, but
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in general this relationship has been shown to exist in many geological

situations (e.gs Folk, 1959; Gronoble and Mankin, 1963)e The variations

in micrite, sparite, and neomorphic material are also ;Qreaented in figure
Se

The articulation of bivalve shells is infrequently observed;
these shells are, as expected, always restricted to the poorly washed
limestones (fige 36)e However, the action of other organiams must be
recognized as a factor in this disarticulation process. Those that are
8t111 joinsd together are generally entirely filled with micrite or other
surrounding matrix material. Sometimes, the interior is £illed, or partly

filled, with spar indicating a pre-existing voild (fige 36)e

Johnsonts work (1951) has been of great value in the recognition
of invertebrate skeletal remains in thin section.

1) Algae

Two algal types can be distinguished in thin sections a stromatol=-
itic alga and a Solenopora-like forme The former is long, thin, probably
sheet-like, exhibiting a erenulated fine intermal banding of light and dark
caleites It may represent a small stromatolite, but the banding 1s of very
emall scale. Such algae are particulerly susceptible to silicificatlon;
they are never completely replaced and the silicification proceeds along
the line of lamination. The long alenciér shape of these forms does not
allow close-packing and they often form ceilings over now spar-_filled
voldse. Their distribution is noteworthy for although they occur in=
frequently in poorly washed samples, they are common in biosparudites and
biointrasparudites. Here, they are in assoclation with bryozoans and
bivalves (probably brachiopods), with occasional crinoid oasic'.l.és. They

are also very susceptible to inclusion within intraclasts.
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The Solenopora-like algae have a simple cellular nature, readily
distinguished from the bryozoasns. Rarely silicified, they are infrequent

in carbonates other than biomicrudites and biopelmicrites. However, they

still tend to have a close association with a bryozocan-bivalve faunas

2) Bryozoans

Bryozoans are very common in the more fossiliferous samples,
their distribution being particularly confined to bioagarudites, bio~-
intrasparudites, and biomicrites. Hence, they ars a dominant part of near-
1y all richly biogenic samples, but are much rarer in pelletal limestones
or in those which are poorly fossiliferouss. Their interna:& charbers And
pores are filled with clear spar while, a few, when sectloned close to the
apertures, are muci-filled. The bryozoans are usually fairly complete,
somewhat less susceptible to silicification than ‘the stromatolitic algae,
and are normally associated with rich, quite varied, faunas especially
with bivalves and algae. In most of these assemblages, the bryozoans

are the dominant group, at least volumetricallye

2) Bivalve shells

This group includes brachiopods, pelecypods, and ostracods and
debris that appears to have been derived from these., Three main types of
internal structure are present. One type has a distinét, sharp, outer
gurface with a thin zone of structureless microcrystalline calcite ‘adjacent;
a similar zone msy be present on the lnmer gide. The main bulk of the
shell; however, is composed of a rather vague fibrous structure, per-
pendicular to the shell surfaces. A second type has an essentially uniform
make-up with structureless micrqoryatalline calcite throughout, w%.th rarely

a thin "skin" of the same materiale Finally, the shells may again reveal

-
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an outer "skin" of microcrystalline calcite, but the rest of the shell is

converted to sparry caleite. In some cases, the whole shell is replaced

by coarse calcites a fine drusy mosaic against the sides passing into
coarse spar in the central parts. Often, the inner surface of such Bhells
becomes indistinct since the spar merges into that £illing an adjacent
voide Whether these three forms of internal make-up ére a reflection of
taxonomic differences is not knowne All three can be found within a single
f,hin sectlon and all are probably the result of neomoxjhic changes of the
original structurs; and perhsps ﬁpresent a continuous sequence leading to
a replacement of the whole shells Those types which show the most extensive
neomorphism are perhaps more common in the‘ samples in which sparry calcite

predominates, but are by no means excluded from the micritic units.

When still articulateci, some shells are only partlally fiiled
with detritus, the'pra-exiating vold now belng occupied by clear spar
(fige 36)s Beales (196h) has warned against assuming that all spar indicates

pre~existing voids, but in these Inetances there seems to be no doubte

Shell material was never observed to be affected by siii.cific-
ations It commonly forms a ceiling allowing the preservation of spar-
f£i1lled voids. Such shell material is common in all fossiliferous samples
and seems to have 1little marked preference for a particular microfacies.
It is seemingly subject to breakage more than most skeietal groupa,
consequently it is difficult to assess the role .of the shell-bearing
organisms in the various microfacies. One carbonate type, howevér, does .
seem to have considerable skeletal debris with very 1i£tle other biogenic
material; this is the intrablosparite:, which is a comparatively minor |

carbonate type (e.ge F.3)
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L) Tetradium Q—<
Few samples in the three western sections contain Tetradium, B
This genus is always restricted to micrites and besides minor shell debris,
there are very few other aeaociatea foésils. The walls of the coral are
converted to a drusy mosaic with coarser calcite towards +the centres The
interstices of the skeletal framework are filled with micrite 3 the walls

are sharply delineated and the characteristic cross~sections of Tetradium

ars clearly seen. No alteration of the skeletal calcite has been observed.

5) Crinoid oseicles

These are very distinective in thin-sections. The axial canal is
alwaye fz;.lled with the material of the surrounding sediment, which is most
commonly pelletal, although this is sometimes more loosely packed with a
higher proportion of spar or microspar. The ossicles were susceptible to
silicification which hag developed first in the central zone of the calcite
ringe Res'tricted mainly to the upper half of the Chaumont whers they are
present in biomicrudites, biosparudites, and intrabiosparudites, the ossicles
are commox’a when assoclated with other abundant skeletal debris, particular—
1y bryozoan and shell materials The ossicles exhibit syntaxlal rim cement—-

ation with the surrounding spare

6) Other biogenic material
Other fossil material present includes non-bivalve molluscan and
arthropod debris, together with that of various corals. Unless these adopt

a characteristic outline, their taxonomic position can rarely be ascertained.

Further, they represent only minor constituents and a statistilcal study
would be réquired to determine the significance of their stratigraphic

distribution and main biological associationse Of those just listed, only

gastropods commonly reveal their characteristic outline. Thelr shells have

ksl e s e
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suffered the same neomorphism as the Tetradium walls 3 their interiors are

normally filled with micrite, although a few seem to have a spiral column
of spar, centfally located. |

Summary

The identified biogenic remeins are, in descending order of
ebundances bivalve shells, bryozoans, indeterminate skeletal material,
algae, crinoid ossicles, and Tetradium. Each type is most abundant in
certain litholog.iea and often has definite bilological associationse
Because of biological and mechanical post-mortem effect, however, many

probably do not represent natural biocoenosese

b) Nonwskeletal grains

These allochems can broadly be divided into the simple single
grains (pellets) and the more complex compound grains (intraclasts).
9ince their formation is often intimately related to their enviropmerrp |
of accumilation, their stratigraphic distribution and allochem associations
are noted, together with their petrographic descriptions

1) Pellets

Folk (1959, pe 6) states that "The bodies are rounded, spher—
1c;a1 to elliptical or ovoid aggregates of microcrystalline calolte ooze,
devoid of any internal structure" and that they are characteristically well
sorted, ranging in size from 0.05 mn to about 0+15 mn and normally averaging
040l=0408 mms Herein, the size range is not regarded as a critical factor
since if these pellets are of fecal origin, their size is dependent on
that of‘ the anus of the mud=ingesting organiems. GConversely, for this very
reason rounding ie regarded as characteristic. Markedly angular grains are

best included with the intraclasts.
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‘The Chaumont, pellets 1ie in the size range 0f 0603-0.2 mm and
average 0.06-'-0.12_mm. ‘They exhibit a high degree of both rounding and ‘
sorting (fige 28); this is particularly so in the uniform pelmicrites,
whilst in samples with é, significant proportion of skeletal material the
sorting factor, and often thé rounding, normally decreases. In well=
sorted pelmicrites, the grains do not appear to be overly lenticular;
probably more than oné basic shape‘ éxieta, but certainly a notable pro-

portion would seem to have a lengthswidth ratio of less than 2:l. -

In almost every pelletal sample, the allochems appear to be grain-
supported and in those with a micritic matrix there is a high degree of
packinges 8Some of the relatively pure micrites and dismicrites show a vague
clotted nature (cl:'f. Hadding, 1957 figse 1b, 2) in which occasional un=
mistakeble pellets occure. Although appearing to be mud=supported, it is
poasible that much of the mud material was initially pellets that have

since collapsed or merged (e.ge Folk and Robles, 196k, ppe 273~27L)e

Pelletal unlts are occasionally laminated, which in thin section
appear as slight changes in gfain size and the type and proportion of
cementing material. Small distinct areas of clear spar are also present
at times in these sa:npléa , the origin of which may be organic (as, for
instance, in many dismicrites), but seems more likely to be of later

diagenetic origin in most.

Y

Pellets are sOmetiméa intermixed with intraclasts of a fine
grade (fig. 32), but the coarse intraclast samples contain only minor
amounts of pellets. There also seems to be a complete gradation from
foasiliferous pelmicrites to pélletal biomicritea , but in the Chaumont

of the western localities, the latter extreme is quite rare, whereas the ‘
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former, together with some blopelmicrites, are not uncommone «Y’Q
The matrix association of pellets is likewise fairly cleare In
samples which are loosely packed, with abundant spar cement, pellets ave
few. They are lﬁost abundant when associated with a mieritic groundmass
or a fine neomorphic cement. Without knowing the nature of the original
pellets, it is often difficult to deduce the degree of diagenetic alteration
. they have suffered. Presumably, they are converted from aragonite to
calcite at a relatively early stage, the interstitial aragonite cement being
involved toos The pellets are composed of fairly uniform micrite, in which
small patches of microspar only rarely occure A minor proportion of pellets
also contains skeletal material (fig. 28)e In all other characters, these
grains are similar to the surrounding pellets and they should not be classed
as true intraclasts. Indigestible akelétal debris should be expected in
gome pellets (e.ge seé Purdy, 1963a, Pl. 1, fig. ). No silicification

saems to occurs

2)Intraclasts

Folkts (1959, ppe L~6) definition embraces both fragments that
have been eroded from adjoining parts of the ssa bottom and later red=
eposited, and those particles classed as grapestone (Illing, 1954) which
have an accretionary mode of origine Because it is commonly difficult to
distinguist; between these two types, they are grouped together. However,
in some cases the distinct rounded clusters of grains (grapestons) can be

easily seen and are quite separate from the angular fragmentary particles.

The Chaumont intraclasts range from O.1~10 mm and average about
Ooli=1e2 mm. TFour main types can be recognizeds pelleta}, angular, grape-

stone, and snowballe
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a) Pelletal intraclasts

These intraclasts (figs. 3L, 35) have the same type of shape and
roundness as the pellets considered above , but lie in the intraclast size

range. There does not seem to be a gradational increase in size and it
appears best to regard them separately. Internally, these are primarily
mieritic and very uniform. They are restricted to one or two samples in

which they are one of the prime allochem constituentse

'b) Angular intraclasts

This grquﬁ appears to be of erosional origins. The grains are
angular, .sometimes rather tabular, in shape. Internally, they are quite
variables mainly having a biomicritic composition, but a notable proportion
are those which have a core of skeletal materiale This is predominantly
algal or shell debris, coated on one side or 