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ABSTRACT

Cherts from the Middle Devonian Onondaga Formation of
the Niagara Peninsula in Southern Ontario and Western New

York State can now be distinguished from those of the Early
Devonian Bois Blanc Formation of the same area based on
differences in petrology, acritarchs, spores, and "Preservation
Ratio" values. The finely crystalline, carbonate sediments
of the Bois Blanc Formation were deposited under shallow,

low energy conditions characterised by the acritarchs Leiofusa

bacillum and

L.

minuta and a high relative abundance of the

spore, Apiculiretusispora minor. The medio crystalline and

bioclastic carbonate sediments of the Onondaga Formation
were deposited under shallow, high energy conditions except
for the finely crystalline lagoonal sediments of the Clarence

Member which is characterised by the acritarchs Leiofusa
navicula, L. sp. B, and L. tomaculata

.

The author has subdivided

and correlated the Clarence Member of the Onondaga Formation

using the "Preservation Ratio" values derived from the

palynomorphs contained in the cherts. Clarence Member cherts
were used by the Archaic people of the Niagara Peninsula
for chipped-stone tools. The source area for the chert is

considered to be the cobble beach deposits along the north
shore of Lake Erie from Port Maitland to Nanticoke
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INTRODUCTION

General Statement

In recent years there has been an increasing trend to

have interdisciplinary teams investigate archaeological sites.

Specialists from various disciplines, including biology and
geology, have added new dimensions and a more complete

capability to basic archaeological research.

The result has

been an improved understanding of North America's earliest
inhabitants.

As stone tools are the most common artifacts

usually found on a site, the contribution of the geologist is

by no means insignificant.

Through his efforts a knowledge is

gained of lithic resources and preferences, quarrying and

manufacturing techniques, as well as the extent and routes
of trade.

Along the banks of the Welland River in the Niagara

Peninsula of Southern Ontario there is an abundance of small
archaeological sites.

Many of these belong to a cultural

complex known as the Late Laurentian archaic Tradition.
These Archaic people occupied the Great Lakes- St. Lawrence

Lowland areas from 5iOOO to 2,000 years B.P. (before present).
Their degree of skill in exploiting their local environment
is clearly shown in their utilization of the different types

of stone available.

Unfortunately, on the Welland River sites most of the
cultural remains lie at or near the surface of the ground.

Modem agricultural cultivation

is considered to have mixed

-1-

artifacts of different ages; disturbed any material that might
have been used for dating; and destroyed any traces of manmade structures. Consequently, there has been little interest

in the archaeology of this river basin. The geologist, however,
can still extract a good deal of information from a study of
the stone tools found at the sites.

Over 90 per cent of the chipped-stone tools were

manufactured from Onondaga chert. Large quantities of waste
flake material, virtually all Onondaga chert, are found on

every Archaic site in the Niagara Peninsula. ObvioBsly there
must have been an abundant supply of the chert somewhere in
the vicinity. This study was undertaken to determine as

precisely as possible both the stratigraphic and geographic
source of these Onondaga chert artifacts.
The selected study area formed a rough triangle from

Hagersville

,

Ontario in the northwest, south to Lake Erie,

and east to Clarence and Cheektawaga, New York (Figure 1).
Stratigraphic sections of the Onondaga Formation were studied
at each of these locations. Chert samples were collected

from each section and their microfossil content was analysed
in an attempt to establish a detailed correlation between
the east and west ends of the triangle. Chert in the top

four metres of the Bois Blanc Formation at Hagersville was also

studied to compare its microfossil content with that in the

overlying Onondaga Formation. Finally, the microfossil content
of the Onondaga chert from an Archaic site on the Welland

River was examined and its stratigraphic position within the
Onondaga Formation was determined.
-2-

-3-

In view of the limited number of natural outcrops of

Onondaga chert within the study area, it should be possible
to locate the potential source areas once the stratigraphic

position of a chert sam.ple within the Onondaga Formation

has been determined. These exposures can then be investigated

by the archaeologist for evidence of utilization by the
Archaic people. A similar study could be useful for sites
other than Archaic and would apply equally well to sites

located outside the immediate study area.

Location

The study area (Figure

1

)

takes in the Niagara Peninsula

of Southern Ontario extending westward as far as Hagersville

Ontario and eastward to the Buffalo area of Western New York
State. The area around Buffalo was chosen because it includes

most of the type localities that were used by Oliver (1966)
to define the members of the Onondaga Formation. In addition,
the rocks of this unit are well exposed in a number of quarries

there. The western extent of the study area was selected

because of the possibility that it was the source of chert
for Archaic people in the Niagara Peninsula. The Onondaga

Formation is not as well exposed there, but sufficient
sections were examined to test the validity of the detailed

correlation used in this study.
Two quarries were examined in Hagersville; the Hagersville

Quarry and the Canada Crushed and Cut Stone Quarry. The
Hagersville Quarry is located on lot 13, concession 13 of

Walpole township in Haldimc^nd county, on the western outskirts

of Hagersville, Ontario. Just west of the Hagersville Quarryis the Canada Crushed and Cut Stone Quarry located on lots
13 and 1^, concession I3 in Walpole township of Haldimdind

county.

Southeast of Hagersville

,

a section on the north shore of

Lake Erie was sampled. This section is located on the east
side of Grant Point on concession 5 of Dunn township in
HaldimS^nd county, 2.5 miles

(

^.0 kilometres) west of Port

Maitland, Ontario.
Two quarries east of Buffalo were iirvestigated; the

Hardrock Quarry and the Federal Crushed Stone Quarry. The
Hardrock Quarry is located 3«2 miles (5-2 kilometres) northeast

on Main Street in Clarence, New York. Ten miles (I6 kilometres)
to the southwest is the Federal Crushed Stone Quarry. It is

situated 1.6 miles (2.6 kilometres) by road southeast of
Cheektawaga, New York, and 0.1 miles (0.2 kilometres) west
of Bellvue

,

New York, on Como Park Boulevard.

In order to test the system for determining the sources

of cherts, chipping debris was collected from a Late Archaic
site on the Welland River. This archaeological site has

been named the Feren site after a former owner of the property.
It is located on the south bank of the Welland River at the

mouth of GrassybarJc Creek, about two miles (3.2 kilometres)

west of Chippawa, Ontario, on lot

9 of the

Broken Front

of the Welland River in Willoughby township of Lincoln county.
-5-

Previous VJork

The Onondaga Formation was first defined by Hall (I859)

Buehler and Tesmer (I963) have reviewed the previous work
done on this formation. More recently, Oliver (I966) divided
the Onondaga Formation within the study area into the Edgecliff

Clarence, Moorehouse

,

and Seneca Members. The Bois Blanc

Formation was introduced into the literature of this area
by Sanford and Brady (1955)

•

The latest work within the

study area is described by Oliver (1965- I966)

Deunff (1955) has described the acritarchs of the Bois
Blanc Formation. Loeblich and Tappan (1976) have summarized
the problems in acritarch systematics. The spores and some of
the acritarchs of the Onondaga Formation were studied by

McGregor (1957, unpublished Ph.D. Thesis). McGregor (I96I
1973), McGregor and Owens (I966)

,

McGregor and Gamfield (1976)

have studied the Devonian spores of other localities in

northeastern North America.
Laird (1935) proposed a penecontemperaneous origin for the

cherts in the Onondaga Formation. More recently, studies by

von Rad and Rosch (1974), Wise and Weaver (1974), and Calvert
(1974) on the D.S.D.P. cores from the central Atlantic and

JOIDES cores from the north Pacific indicate biogenous opal
as the source of silica for many chert deposits.No detailed archaeological studies have been carried out

on Archaic sites in the Niagara Peninsula. The archaeology of
the study area is discussed in a general way by Wright (1972).
The nearest detailed studies which compare closely with the
-6-

material in the Niagara Peninsula are in Western New York
State as described by Ritchie (I965). The only work available

on chert sources from archaeological sites in the study area
is that by the author (Parkins, 197^).

Objectives

Archaeological sites in the Niagara Peninsula of Ontario

usually contain an abundance of chert in the form of finished
tools and chipping debris. This aspect is particularly true

along the Welland River. Such large amounts of this chert

would indicate that a more than adequate supply was available
locally to these Archaic people. Examination of cores and
flakes indicates that the original unmodified or unworked

surfaces are waterworn (Figure 2). The source, therefore,

must be fluvial or lacustrine in nature. The north shore of
Lake Erie from Fort Erie to Nanticoke has numerous points

where bedrock of the Onondaga Formation is exposed. Cobble
beach deposits flank both sides of the points. Up to 60 per

cent of these cobbles can be composed of Onondaga chert.
It is possible, therefore, that one or more of these cobble

beach deposits was the major source of chert for Archaic
people in the Niagara Peninsula.
The problem is to determine which deposit or deposits

were utilized. Evidence of archaeological material in

association with these cobble beaches is not very common.
This is not surprising, despite the fact that only minor
changes have taken place in the shorelines of Lake Erie in
-7-

Figure 2. Core fragments from the Late Laurentian Archaic
Parkins site, 500 metres (1,500 feet) east of
the Feren site
sxirfaces

-

note the unmodified, waterworn

(knife 3-5 inches long).

-8-

the last 5,000 years. If the Archaic people camped directly

on the beaches, then shifting beach deposits would soon
cover or erode away any evidence that they had ever been
there. If they had camped in lee areas of the beach, wind-

blown sand and shifting dunes would make detection of these
sites rather difficult now, some 3,000 to 5,000 years later.
It was thought that an examination of the chert itself

might reveal some indication of its place of origin.

Petrographic analysis (Parkins, 197^) was not conclusive,

but the source area appeared to lie along the north shore
of Lake Erie west of the Grand River. During this investigation
it was noted that the chert appeared to contain significant

amounts of organic material, i.e. micro fossils.
The present study is an attempt to use the microfossil

content of the chert to correlate the eastern and western
parts of the study area. The distance between the quarries

east of Buffalo and the quarries and sections in the

Hagersville-Port Maitland area is 70 to 80 miles (125 to l^S
kilometres)- an adequate distance for testing the validity of
the correlation method. If this method yielded positive

results, it should then be possible to designate a given

chert sample to a limited stratigraphic range in the Onondaga
Formation. Moreover, as a limited number of natural outcrops
of the Onondaga Formation would also fall within the same

stratigraphic limits as the chert sample

,

it should then be

possible to limit the geographic origin of the chert sample
to these few natural outcrops. Under actual conditions, a

larger number of chert samples would further limit the number
-9-

of potential source areas.

The archaeologist could then

investigate these sites thoroughly.

The objective of the

present work is to produce such a method for correlation.

Regional Geology

Bedrock Geology

The most prominent topographic feature in the study

area is the Niagara Escarpment.

northwestern New York State.

This cuesta arises in

It crosses the Niagara River

at Queenston, Ontario and continues westward through
St. Catharines to Hamilton, Ontario.

Here the escarpment

turns northwest to the Bruce Peninsula, then describes an arc

westward through Manitoulin Island into Northern Michigan.
The Niagajra Escarpment attains an average height of 325
feet (99 metres)
A second, less prominent escarpment is found in Clarence,

New York.

This Devonian Escarpment (sometimes referred to as

the Onondaga Escarpment) diminishes in height westwaird

through the Buffalo area to Ridgeway and Port Colborne,
Ontario.

From Port Colborne westward to Hagersville, Ontario

the escarpment is low and somewhat discontinuous, being

buried in many places by Pleistocene and Holocene deposits.
Rocks ranging in age from Late Ordovician to Medial

Devonian make up the bedrock surface of the Niagara Peninsula
(Figure J).

Structurally, the rocks in the study area are

flat-lying shelf sediments between the Michigan Basin to the
west and the Appalachian Basin to the southeast (Figure ^)
-10-
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As a result, the Paleozoic rocks of the area dip about 20
feet to the mile (about one -fifth of a degree) to the
southwest. Accordingly, the bedrock configuration of any

given unit in the Niagara Peninsula tends to occur as an
elongated strip with an east-west orientation.

From Lake Ontario southward to the Niagara Escarpment
the bedrock surface is composed of the red, Upper Ordovician

Queenston Shale. The Niagara Escarpment

„

itself is made up of

Lower Silurian sandstones and shales and Middle Silurian
shales, limestones, and dolostones. The massive dolostones

of the Lockport amd Guelph Formations which cap the Niagara

Escarpment

continue southward to Chippawa, Ontario in the east

and Dundas in the west. Overlying the Guelph Formation, the

Upper Silurian Salina Formation forms the bedrock surface
southward to the Devonian Escarpment
is an

.

.

The Salina Formation

evaporite series of dolostones, gypsum, and anhydrite.

The Devonian Escarpment

contains rocks of the Bertie

Oriskany, Bois Blanc, and Onondaga Formations. Dolostones are
the dominant lithology of the Upper Silurian Bertie Formation.
A major unconformity marks the top of the Bertie Formation.

It is the result of erosion during Late Silurian and Early

Devonian time. Above the Bertie Formation, a patchy,
discontinuous sandstone unit, the Oriskany Formation, is
found. It is considered to be Early Devonian in age. It

apparently represents a period of deposition in a near shore
environment. This event was followed by another period of

erosion- producing another unconformity at the base of the

overlying Bois Blanc Formation.
-13-

The Lower Devonian Bois Blanc Formation is a cherty

limestone unit. Above it are the limestones and cherty

limestones of the Middle Devonian Onondaga Formation. This unit
forms the bedrock surface from the Devonian Escarpment,

southward to Lake Erie

.

South of Buffalo the Onondaga Formation

is overlaid by the Middle Devonian Marcellus Shale.

Bois Blanc Formation

The Bois Blanc Formation is composed of medium grey, finely

to medio crystalline, medium to thinly bedded, cherty

limestones. Brachiopods and corals are the most common fossils

found in the limestones and are accompanied by smaller

mumbers of bryozoans and trilobites.
Chert is abundant, making up 50 to 70 per cent of the whole

rock and

occiirring as bedded,

lenticular, and nodular masses.

In hand specimens the contacts between the chert and surrounding
limestone are sharp. In thin section however, the contacts

appear to be gradational with layers of calcite alternating

with layers of silica. The chert itself is composed of abundant
chalcedony, both as a finely crystalline ground mass and as

coarsely crystalline infillings in megafossils, cracks, and
voids. Cryptocrystalline quartz is common. Calcite occurs most

commonly as megafossil fragments; fine anhedral and subhedral
grains and a few larger eiihedral grains make up lesser amounts.

Other constituents of the chert include minor amounts of pyrite
and organic -walled microfossils.
The Bois Blanc Formation is thin and discontinuous in the

-14-

Buffalo area; it varies from a few inches to four feet (1.2
metres) in thickness. The unit thickens westward to 15 feet
(five metres) at Port Colhorne and 24 feet (7.3 metres) at

Hagersville (Oliver, 1966). The Bois Blanc continues to
thicken westward towards Woodstock, Listowel, and Port Elgin,
Ontario

Onondaga Formation

Sediments of the Onondaga Formation form a reef complex
deposited in a

v/arm,

shallow, normal marine environment. Rocks

typical of reef, interreef, and lagoonal facies abound in this
unit. The "bulk of the chert is confined to the finely

crystalline lagoonal sediments with minor amounts in the

interreef facies. Oliver (1966) divided the Onondaga Formation
into four members: Edgecliff, Clarence, Moorehouse

,

and

Seneca. The following descriptions are based on Oliver's work

and the author's own field studies.

Edgecliff Member
The basal member of the Onondaga Formation is the Edgecliff

Member, a medio crystalline and bioclastic

,

massive crinoidal

and coralline, light to medium grey limestone (Figure 5)

Whereas the Edgecliff Member averages eight to 20 feet (2.4 to
6.1 metres) in thickness, numerous bioherms may permit the

thickness to reach 75 feet (23 metres)

.

These bioherms have

been measured at 100 to over 1,000 feet (31 to 300 metres) in
-15-

Figure

5.

Non-biohermal fades of the Edgecliff Member,
Onondaga Formation, Hagersville Quarry, Hagersville
Ontario (scale in centimetres)

Figure 6. Biohermal facies of the Edgecliff Member, Onondaga
Formation, Canada Cement Company Quarry, Fort
Colborne, Ontario (scale in centimetres)

-16-

diameter (Oliver, I966)
Megafossils are strikingly abundant in the Edgecliff
Member. The bioherms, in particular, are composed of great

quantities of coralline and echinoderm debris (Figure

6)

Rugose and tabulate corals dominate the fauna but echinoderms,

bryozoans and brachiopods are also abundant. Fish plates and
spines are found in the base of the unit.
In the eastern part of the study area the Edgecliff

Member contains no chert. In the west, however, a few, small,
poorly defined chert nodules occur in the upper half of the
member and may become more common near the top of the unit.
The basal contact of the Edgecliff Member is sharp. It is

easily recognized in the field due to the lack of chert,
abundant corals, and the much coarser grain size of the

Edgecliff limestones.

Clarence Member
The Clarence Member lies stratigraphically above the

Edgecliff Member. Rocks of the Clarence Member are finely
crystalline, medium to massive bedded, medium to dark grey
coloured, cherty limestones. The unit is ^0

to-

^5 feet (12 to

1^ metres) thick. Fossils in this member are sparse but they
are not significantly different from those in the Edgecliff.
The most distinctive feature of the Clarence Member is the

abundance of light to medium grey mottled chert. It constitutes
^0 to 70 per cent of the whole rock. The chert occurs in
bedded, nodular, and lenticular masses. The contact between
the chert and the limestone is sharply defined in both hand
-17-

specimens and thin sections. The chert is composed of

cryptocrystalline quartz with minor amounts of coarsely
crystalline chalcedony infilling the megafossils and cracks.

Euhedral and anhedral calcite constitute 5 to ^5 per cent of
the chert. Minor amounts of pyrite and organic -walled

microfossils are also present.
The contact between the Edgecliff and Clarence Members is

variable. At Clarence, New York, the contact is sharply defined.

At Port Colborne and Hagersville

,

Ontario, however, the contact

is gradational. Thin beds of finely crystalline limestone

typical of the Clarence Member alternate with medio crystalline

and bioclastic beds of similar thickness, typical of the

Edgecliff Member. This gradational zone can be two feet (0.6
metres) thick (Oliver, 1966)

.

For the purposes of this study,

the base of the Clarence Member is considered to be the lowest
occurrence of finely crystalline limestone.

Moorehouse Member
Above the Clarence lies the Moorehouse Member, a m.edio

crystalline and bioclastic, massive bedded, medium grey
limestone. This member is kO to 50 feet (12 to 15 metres)
thick. Fossils, particularly corals, are somewhat less abundant

than those found in the Edgecliff.
Medium grey and brownish grey cherts are present in this
unit but constitute only 5 to 20 per cent of the whole rock.

Chert is more abundant at the base of the Moorehouse and
rapidly becomes scarce higher in the unit.
The contact between the Clarence and Moorehouse Members is

-18-

also gradational. As with the Edgecliff-Clarence contact, beds
a few inches thick of finely crystalline limestone alternate

with beds of medio crystalline and bioclastic limestone. For
the purposes of this study, the base of the Moorehouse Member
is considered to be the lowest bed of medio crystalline

limestone

Seneca Member

Overlying the Moorehouse, Member is the highest stratigraphic

unit in the Onondaga Formation- the Seneca Member, a medio
crystalline, medium to massive bedded, medium grey limestone.

Only the basal six feet (two metres) of this unit is exposed
in the study area. This unit is only sparcely fossiliferous

and completely lacking in chert.
The Seneca-Moorehouse contact is clearly recogr; iz.able in
the field. It lies just below the Tioga Bentonite

,

a bed of

clay, four to ten inches (10 to 25 centimetres) thick, thought
to be of volcanic origin. The Tioga Bentonite marks the base

of the Seneca Member in this area. The contact between the

Seneca Member of the Onondaga Formation and the overlying

Marcellus Formation is not exposed anywhere within Erie county
of New York State or Southern Ontario.

Summary
The Onondaga Formation extends eastward from the study area

through Central New York State and is still recognizable,
though thinner, in Eastern New York (Figure 7). In Central and

Eastern New York State the Clarence 'lember undergoes a facies
-19-
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change to an argillaceous limestone completely lacking chert

which Oliver (I966) has designated the Nedrow Member. West of
the study area the Onondaga disappears as a recognisable ^ unit

and is replaced, by arbitrary cutoff, at Woodstock, Ontario

by the limestones and dolostones of the Detroit River Group.
Most of the major depositional environments found in a

reef complex can be recognized in the Onondaga Formation. The
Edgecliff Member is composed of reef (bioherms) and interreef
facies. The Clarence Member, with its paucity of fossils and
fine, carbonate mud sediments, represents a lagoonal facies.

The Moorehouse and Seneca Members are similar to the Edgecliff

Member but reefs and/or bioherms failed to develop.
The great proliferation of corals, echinoderms and

bryozoans, and the dominant carbonate lithologies are evidence

that the Onondaga sediments were deposited in a warm, shallow,

normal marine environment. The extent of the Onondaga Formation
and its correlative units in the Detroit River Group would
indicate that these environmental conditions were widespread.

Considerable amounts of argillaceous material are found in the

Edgecliff and Nedrow Members. This data would indicate
periodic minor uplifts to the north or east and a consequent
influx of non-carbonate mud.

Surficial Geology

The surficial geology of Southern Ontario has been studied

for a long time and the general features, including
-21-

physiography, stratigraphy, and chronology of glacial and

non-glacial deposits and events, are known reasonably well in
the regional sense (Chapman and Putnam, I966; Prest, 1970;

Terasmae, Karrow, and Dreimanis,: 1972)

.

However, the story is

still incomplete in terms of many important details and

considerable research in respect to surficial geology is

currently being persued in Southern Ontario to resolve numerous
problems that have been recognized in the course of regional
studies.

For the purpose of providing a general background in

respect to surficial geology for this investigation, the
regional stratigraphy of glacial and non-glacial events and
deposits is graphically summarized in Figure

8.

A sim.ilar

summary relating to the Great Lakes history is presented in
Figure 9. These summaries are based on studies made by

Dreimanis and Karrow (1972) and Sly and Lewis (1972).
The surficial geology of the Niagara Peninsula that is of

concern to this investigation has been mapped by Feenstra (1972).
The available published geological studies indicate rather

clearly that the bedrock surface topography has a strong
influence on surficial geology. For example, the Great Lakes

occupy depressions (basins) in the bedrock surface and the

Niagara Escarpment, and other smaller bedrock escarpments,
comprise major features of the landscape. The distribution of

surficial deposits is commonly controlled by bedrock surface
configviration, and bedrock composition (lithological and

chemical) is reflected by the composition of the overlying

glacial deposits, especially glacial till. However, the
-22-

Figure 8. Pleistocene Great Lakes History (after Sly and
Lewis, 1972)
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characteristics of glacial deposits are also related to ice

flow directions and because of this, these characteristics can
be helpful in the reconstruction of ice flow patterns.

This relationship between bedrock and glacial deposits is

of some importance to this investigation because rock types

resistant to glacial abraS ion. were transported by ice, and
subsequent erosion has concentrated such rock types as pebbles

and cobbles along lake shores and rivers. Chert, however, does
not appear to be resistant to glacial erosion. Althopgh they are
hard, cherts are also extremely brittle and consequently, once

incorporated into a glacial ice sheet, the chert appears to
have been rapidly fractured by abrasion and ice pressure into
the sand size fraction.

As an example, less than one per cent of chert is present
in the cobble beach deposits between Lowbanks and Port Maitland.

An examination was made of the shore bluffs one half mile east
of Rocky Point where 30 feet (9.2 metres) of retUlsh-brown,

clayey till and about 20 feet (6.1 metres) of fine, cross-

bedded sands are exposed. The clasts in the till unit consist
of about ten per cent subangular pebbles and cobbles

predominantly of limestones, dolostones, and sandstones with a
few Precambrian granites and granite gneisses. No Onondaga or

other chert pebbles or cobbles were found so that, if present

in the till, it is in amounts of less than one per cent.
Because the Lake Erie beach deposits between Lowbanks and Port

Maitland consist of pebbles and cobbles derived from the till
found in the shore bluffs, these beaches are deficient in chert.

East of Morgan's Point, till from 18 to 2^ inches (^5 to 60
-25-

centimetres) thick was observed directly on limestone of the

Clarence Member. The exposed till contains about 29 per cent
clasts of the cobble and pebble size fraction of which about 80

per cent are Onondaga limestones and dolostones. However, chert
is present in only small amounts (one to two per cent) and

usually occurs as small, irregular nodules. This suggests that
the amount of chert on the beaches which has been derived from

reworked till deposits is negligible.
The chert cobbles now present on the beaches along the

north shore of Lake Erie appear to have been produced by more

recent erosional processes. Examination of bedrock exposures
at,

and just below, water level reveal a stepped pattern of

outcrop (Figure 10)

.

A bedded chert layer frequently occurs at

the base of each step or bedding plane. Horizontal joints are

present between such a chert layer and the underlying bedding
plane. During the winter, water which has seeped into these
joints, freezes, swells, and fractures the overlying chert into

rectangular, cobble size blocks (Figures 12 and 13). These are

subsequently transported by wave action and the thrusting of

pack ice up onto the beaches (Figure 11).
In general, the materials of the Lake Erie beaches in the

study area are mainly well sorted, fine, light brown, quartz
sands in the form of bay-head beach deposits. Flanking these,

and extending around the bedrock promontories are well developed
pebble and cobble beaches from which most of the fine sands have

been winnowed out. These deposits are of interest because, at
places such as Reeb's Bay, Point Abino, and Erie Beach, up to 64

per cent of the cobbles consist of Onondaga chert.
-26-

Figure 10. "Stepped" erosional pattern in the Clarence

Member of the Onondaga Formation at Grant
Point, Ontario.

Figure 11. Bedrock and associated cobble beach deposit 2.1 miles
(3«^ kilometres) east of Peacock Point on the north

shore of Lake Erie
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Figure 12. Chert nodule weathered loose from bedrock, Clarence
Member, Onondaga Formation, Grant Point, Ontario,
(knife 3.5 inches or 9.0 centimetres long)

Figure I3. Chert nodule with evidence of rectangular blocks

having been weathered out, Clarence Member, Onondaga
Formation, Grant Point, Ontario, (knife 2.5 inches or
6.^ centimetres long)
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As a typical example

,

at Erie Beach the lithologic

composition of the cobbles consist of 50 per cent Onondaga
limestones and dolostomes, 37 per cent Onondaga chert, five per
cent Grimsby sandstone

,

three per cent Lockport dolostone

three per cent Grenville igneous and metamorphic lithologies,
and two per cent of other lithologies. Such cobble beaches,

rich in chert, must have been attractive as chert sources
to stone -age populations living in the Niagara Peninsula.

Another important aspect of surficial geology in the
context of the present study is the fact that the occurrence

of archaeological sites is related to geomorphological features,
such as rivers and some lakes as well as certain kinds of

surficial deposits. For instance, people of the past as well as
the present prefer a sandy beach or well drained, higher

ground to muddy shores and lowland, swampy areas. Sites along
the Welland River are found on well drained glacial lacustrine

silts and sands, adjacent to the river or its tributaries.
The role of surficial geology in archaeological studies has

been clearly recognized and adequately documented in the large
volume of archaeological literature (Ritchie, 1965; Wright,
1972; Sanger, 1973).
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METHOD

Field Studies

The field studies included the measurement of six

stratigraphic sections in four quarries and two outcrops
(Fig\ire 14)

.

Chipping debris was sampled from one archaeological

site. The location of these is shown in Figure 1. The sections

were measured using the Jacob's Staff technique as described by
Compton (1962).
In the Canada Crushed and Cut Stone Quarry I.5 metres (five
feet) of the Bois Blanc Formation is overlaid by 3.5 m.etres (11.5

feet) of the Edgecliff Member and I.5 metres (five feet) of the

Clarence Member of the Onondaga Formation (Figure I6)
The Hagersville Quarry is partially filled with water but
3.2 metres (10. 5 feet) of the Bois Blanc Formation is still

accessible (Figure 15)
On Grant Point, 2.5 miles (4.0 kilometres) west of Port

Maitland, Ontario, a 1.6 metre (5*2 feet) exposure of the

Clarence Member of the Onondaga Formation was sampled.
A 7.8 metre (25.6 feet) section of the Clarence Member is

exposed in the Hardrock Quarry (Figure 17). The contact between
the Clarence and underlying Edgecliff Member is buried under

nearly two metres (six feet) of talus. The contact is well
exposed, however, on the face of the Devonian Escarpment, 30

metres (100 feet) to the northeast of the quarry. The base of
the Edgecliff Member is covered with talus, but five metres (15

feet) of the top of this unit is well exposed. The contact with
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Figure 1?

•

Clarence Member of the Onondaga Formation at the east
wall of the Hardrock Quarry, Clarence, New York.

Figure 18. Onondaga Formation at the east wall of the Federal
Crushed Stone Quarry, Bellvue, New York.

Seneca Member
Moorehouse

Member
Clarence Member
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the overlying Clarence rvlember is sharp. Six metres (20 feet) of

the Clarence Member is present at this location. The basal two

metres (six feet) were sampled for chert.
In the Federal Crushed Stone Quarry, 5-2 metres (1? feet)
of the Clarence Member is overlaid by 9.^ metres (30.8 feet) of
the Moorehouse Member, topped by 0.5 metres (1.6 feet) of the

Seneca Member (Figure 18)

Sampling Technique

Chert samples were taken at ten centimetre intervals where

ever possible. A ten centimetre interval was chosen as being
the most practical method of sampling. Intervals of less than

ten centimetres would have been somewhat redundant and not

particularly practical since chert beds and nodules in the Bois
Blanc Formation and the Clarence Member of the Onondaga
Formation, where chert is most abundant, tend to occur at

roughly ten centimetre intervals. In other words, samples were

taken as close together stratigraphically as possible, resulting
in a sampling interval of ten centimetres where chert was

abundant and 15 to 50 centimetres where the chert lenses and
nodules were less abundant. Sampling intervals larger than ten
centimetres were not used, except where the lack of chert
dictated, because the result would have shown a loss of detail

and accuracy in the micro floral and preservation analyses.
A ten centimetre (^ inch) interval was used for the

Clarence Member at the Hardrock Quarry in Clarence, New York,
the Federal Crushed Stone Quarry in Bellvue, New York, and the
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Lake Erie shore section west of Port Maitland, Ontario.
The same sampling interval was possible for the top 1.5

metres (four feet) of the Bois Blanc Formation in the Canada

Crushed and Cut Stone Quarry and for the top three metres (nine
feet) of the Bois Blanc Formation in the Hagersville Quarry,

Hagersville

,

Ontario

Larger sampling intervals were necessary for the Moorehouse

Member of the Onondaga Formation in the Federal Crushed Stone
Quarry and for the Clarence Member in the Canada Crushed and
Cut Stone Quarry. The latter section was partially overgrown

with vegetation.
The limestone of the Edgecliff Member of the Onondaga

Formation was sampled at 50 centimetre (20 inch) intervals on
the north wall of the Canada Crushed and Cut Stone Quarry. This

was done in order to compare the abundance of microfossils in
the limestone with that in the cherts. Two Bois Blanc chert

samples were taken from the same bedding plane, two metres (six
feet) below the upper contact of the formation, 100 metres
(300 feet) apart, on the north wall of the Hagersville Quarry.

These samples were taken to check the consistancy of the

microfossil content in the chert. Limestone samples were taken
from the Bois Blanc Formation on the north wall of the

Hagersville Quarry and from the Clarence Member of the Onondaga

Formation on the east wall of the Hardrock Quarry. These samples
were used to determine the amount and variability of the silica

in the limestones. Chert samples were obtained from the same
locations to determine the amount and variability of the organic

content in the cherts. All the above samples averaged 50 to 100
-35-

grams in weight.

Laboratory Techniques

Chemical maceration was used as the laboratory preparation

method for the extraction of microfossils, such as acritarchs
and spores, from the samples of chert. After some experimentation

with methods described in the literature (Ktimmel and Raup, I965)
it was found that the following sequence of steps yielded the

best results in this investigation:
1)

the sample was crushed to a coarse sand size.

2)

5

"to

10 grams of crushed sample was placed in a nickel

crucible
3)

20 ml. of 10 per cent HCl was added to the sample.

4)

the solution was left to stand for 15 m.inutes and then

decanted.
5)

steps 3) and 4) were repeated until no further reaction

was observed. This removed the carbonate from the sample.
6)

20 ml. of 52 per cent HF at room temperature was added to
the sample, left to stand for one half hour, and the

resulting solution decanted into 200 ml. of distilled

water in a polyethylene beaker.
7)

step

6)

was repeated until all the silica in the sample

was dissolved.
8)

the solution was centrifuged to concentrate the organic

matter in the sample
9) the sample

was washed in distilled water, centrifuged, and

decanted. This removed the silica from the sample.
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10)

5 rnl-

of 10 per cent HCl was added to the sample to

remove any calcium fluoride that may have formed. Calcium

fluoride causes the organic material to flocculate.
11)

the sample was cenrifuged, decanted, washed in distilled

water, centrifuged, and decanted.
12)

3 ml.

of glacial acetic acid was added to remove the water

from the sample, then centrifuged and decanted.
13)

the centrifuge tubes containing the residue were inverted

and left to drain for two minutes.
1^) acetolysis solution was prepared by adding 1 part of

concentrated sulphuric acid to 9 parts of acetic anhydride.
15)

5 i^l'

of acetolysis solution was added to the sample.

16) the sample was placed in a water bath and slowly brought

up to a temperature of 90 degrees centigrade, then

removed from the heat. This removed the bituminous
material from the sample
17)

the sample was centrifuged, decanted, washed in distilled

water, centrifuged, and decanted.
18) the resulting residue was thoroughly mixed and a small

drop was mounted in corn syrup on a glass slide
19) three slides were made from each sample residue.

The samples used to determine the percentage of organic

material in the chert were macerated in the same manner as
above. After the acetolysis treatment the samples were air dried

and carefully weighed.
The following technique was used to extract palynomorphs

from limestones
1)

the sample was crushed to a coarse sand size.
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10 grams of sample was placed in a 50

nil,

beaker.

2)

5

3)

20 ml. of 10 per cent HCl was added slowly to the sample.

H-)

the resulting solution was decanted into a 500 ml. beaker.

5)

steps 3) and 4) were repeated until all the sample was

"to

dissolved.
6)

the decanted solution was centrifuged and decanted to

concentrate the organic material and remove the carbonates.
7)

the residue was washed with distilled water, centrifuged,

and decanted.
8)

3 ml.

of glacial acetic acid was added to the residue,

centrifuged and decanted to remove the water from the
sample
9)

the centrifuge tubes containing the residue were inverted

and allowed to drain for at least two minutes. The rest
of the technique is identical to steps 15) to 19) described

above
The following method was used to determine the amount of

silica in the limestone samples:
1)

the sample was crushed to a powder.

2)

the sample was passed through a 60 mesh sieve and the fine

fraction was retained.
3)

a carefully weighed portion (between 5 and 10 grams) of
the fine fraction was placed in a 500 ml. beaker.

k) 200 ml. of distilled water was added.
5)

concentrated HCl was added slowly until no reaction was
observed.

6)

more concentrated HCl was added until the solution reached
a volume of 400 ml. and then allowed to stand for one hour.
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7)

the solution was centrifuged, decanted, washed in distilled

water, centrifuged, and decanted.
8)

the sample was air dried and carefully weighed to determine

the amount of non-carbonate residue.
9)

a small amount of the sample was mounted in

com

syrup on

a glass slide to determine the exact composition of the

residue
The extraction techniques described above were carefully

checked to ensure that no damage occurred to the microfossils.

An interim slide was made and examined after treatment with HF
and acetolysis. In both cases no discernible change had occurred

in the colour or surface texture of the palynomorphs

.

Finally,

the finished slides were compared directly with thin sections

from the same rock sample. The only difference observed was due
to mechanical break-up of a few large pieces of plant tissue.

The palynomorphs were identical in degree of preservation,
colour, and surface texture. Even delicate structures, such as

acritarch spines and septa and algal filaments, were faithfully
retained in the macerated material.

Palynological Analyses

In order to make a species list of the microflora from the

Bois Blanc and Onondaga Formations, samples which contained the

greatest number of well preserved microfossils were selected
from each formation, A detailed examination was made of samples

from more than one location in the same stratigraphic unit. The
total surface from three slides in each sample was examined. In
-39-
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cases where the microfossils were particularly well preserved
and the slides contained a wide variety of palynomorphsi 10 to
12 extra slides were prepared and examined in detail.

Detailed relative or absolute abundance analyses of both

acritarchs and spores are possible for cherts of the Bois Blanc
Formation. However, there are such large sections of the

stratigraphic column in the Onondaga Formation where very few
(or no) palynomorphs are preserved that such analyses in this

unit are not feasible. Therefore, it was necessary to find
some other method, using the chert samples, to subdivide and

correlate the Onondaga Formation. Such a method, though perhaps

not an ideal one, is the use of a "Preservation Ratio".
The Preservation Ratio is the number of well preserved

palynomorphs per thousand poorly preserved palynomorphs, organic
fragments, and sulphide spheres in a given chert sample. The

vast majority of palynomorphs which were poorly preserved
appear to have been oxidized to a greater or lesser extent.
The resemblance between the poorly preserved material in the

cherts and oxidized palynomorphs from Pleistocene and Holocene

sediments is striking. Poorly preserved palynomorphs, in both
instances, are darker coloured (medium to very dark brown). The

colouring is often mottled. Specimens frequently display pitting
and corrosion. Fine detail and ornamentation are lost and a
"pseudo-ornamentation" may be present, produced by uneven

corrosion on the outer surface of the palynomorph.
In this study, in order to be judged well preserved, a

palynomorph had to be morphologically intact, and of a uniform
light amber to very light brown colour. A difference in colour
-ko-

between one anatomical part of a palynomorph and another (such
as the spines or septa of an acritarch and its body wall)

immediately disqualified that specimen as being well preserved
unless such a colour difference was due to a marked thickening
of the cell wall or the presence of pyrite inclusions.
The residue of each sample was thoroughly mixed before

mounting and mixed again when mounted, to ensure a random
distribution of material on each slide. Two traverses were made
across the centre of each of the three slides per sample and the
three counts were then averaged. The count varied no more than

plus or minus one, except in those cases where a large number
of well preserved palynomorphs were present. In that case the

count varied up to a maximum of plus or minus four.

Spherical grains of sulphide minerals, up to 30 micrometres
in diameter, ranged from few to abundant in most of the samples
examined. In thin section these spheres were found randomly

distributed throughout the matrix of the chert and their only
consistent association was with the microfossils. Sulphide
spheres commonly occurtsed within the cell walls of palynom.orphs
It appeared that the sulphide spheres were probably formed from
the decay products of the cell contents. In addition, the

abundance of the spheres generally increased as the degree of

preservation decreased. Therefore the spheres were counted as
the remains of organic walled microfossils. Only spheres greater

than five micrometres in diameter were counted.
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RESULTS

Palynological Analysis

Bois Blanc Formation

A list of acritarchs identified during the present study
from the Bois Blanc Formation is given in Table 1. Preservation

ranged from very poor to excellent, even within the same sample.
The most common acritarchs present in the top four metres (12
feet) of the Bois Blanc Formation in the Hagersville area are

Cymatiosphaera multisepta
and P. pharaonis

.

.

Polyedryxium deflandrei (Plate 1-f )

In addition, species of the genus Veryhachium

make up a significant percentage (20 to 25 per cent in some
cases) of the microflora.

A list of spores identified during the present study from
the Bois Blanc Formation is given in Table 2. As with the

acritarchs, preservation varied from very poor to excellent. All

spores were under 200 microns in diameter and are therefore

classed as miospores, with Apiculiretusispora minor (Plate 2-a,b)

comprising approximately 50 per cent of all the identifiable
spores. Only three fragmentary specimens of the larger

Grandispora cf. macro tuberculata (Plate 2-e,f) were found.
In addition to spores and acritarchs, other microfossils,

including scolecodonts, graptolite fragments, chitinozoans,
and algal filaments were found. None of these occurred in

sufficient abundance to be of any significance in the

palynological analysis.
-42-

Table

1

Acritarchs of the Bois Blanc Formation

Baltisphaeridium sp.
Cymatiosphaera canadensis Deunff 1955
C. cubus Deunff
C.

multisepta Deunff 1955

C.

prismatica Deunff

C. cf .

cf

.

triangularis Pothe De Baldis 1973

Estiastra pentagonalis Pothe De Baldis 1973

Hystrichosphaeridium spiciferum Deunff 1955
Leiofusa bacillum Deunff 1955
L.

minuta Deunff 1955

Micrhystridium cf

.

alloiteaui Deunff I955

M. paucispinum Deunff
M. sericum Deunff

Multiplicisphaeridium cf . ramispinosum Staplin, Jans-Pocock I965
Polyedryxixim bathyaster Deunff
P. cuboides Deunff 1955
P.

decorum Deunff 1955

P. deflandrei Deunff

P. diabolicum Deunff
P.

evolutum Deunff I955

P. pharaonis Deunff

£• Pruvosti Deunff I955

Pterospermopsis onondagaensis Deunff I955

Tunisphaeridium sp.

Table

1

(continued)

Veryhachium crucistellatum Deunff 1955
V. cf

.

eisenacki Deunff

V. cf

.

exasperatum Deunff 1955

V. furcillatum Deunff 1955
V. heterogonum Deunff 1955
V. cf

.

trispinosum Eisenack 1938

V. cf

.

valiente Cramer 196^

V. sp.
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Table 2

Spores of the Bois Blanc Formation

Apiculiretusispora arenorugosa McGregor 1973
A. minor McGregor 1973
A. plicata (Allen) Streel I967

A. pygmaea McGregor 1973

Calamospora sp.
Dibolisporites eifeliensis (Lanniger) McGregor 1973
p. wetteldorfensis Lanniger I968

Emphanisporites rotatus McGregor I96I

Grandispora cf

.

macrotuberculata (Arkhangelskaya)

Retusotriletes rotundus (Streel) Streel I967

Verrucosisporites sp.
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".McGregor

1973

Onondaga Formation

A list of acritarchs identified during the present study

from the Onondaga Formation is given in Table

3*

Preservation

ranged from extreemly poor to good, even within the same sample.
The most common acritarchs were Hystrichosphaeridium spiciferum

Polyedryxium pharaonis

navicula (Plate 1-d)

,

P.

evolutum (Plate 1-g)

,

,

Leiofusa

and L. sp. B (Plate 1-e). In addition,

,

species of the genus Cymatiosphaera make up a significant

percentage (15 to 20 per cent in some cases) of the microflora.
A list of spores identified during the present study from

the Onondaga Formation is given in Table

k-.

Preservation varied

from extreemly poor to good. All spores were less than 200

microns in diameter and are therefore classed as miospores. The
most common spores were Apiculiretusispora arenorugosa ^Plate
2-c) and Calamospora tenuis (Plate 2-d)

.

A. minor is common but

far less abundant than it is in the Bois Blanc Formation.
In addition to the spores and acritarchs, other microfossils

including scolecodonts, graptolite fragments, chitinozoans, and
algal filaments were found. None of these occurred in sufficient

abundance to be of any significance in the palynological
analysis.

Preservation Ratio

Relative or absolute frquency analyses of the palynomorphs
were not carried out

,

as certain levels of the Onondaga

fprjj^ation had very few well

preserved palynomorphs. Indeed,
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Table

3

Acritarchs of the Onondaga Formation

Baltisphaeridium sp.

Gymatiosphaera canadensis Deunff 1955
C. cubus Deunff
C.

multisepta Deunff 1955

C.

prismatica Deunff

Hystrichosphaeridium spiciferum Deunff 1955
Leiofusa bac ilium Deunff 1955
L.

navicula McGregor 1957

L.

sp. B n.sp.

L.

tomaculata McGregor 1957

Leiosphaera densa McGregor 1957
h- dubia McGregor 1957

Polyedryxium cuboides Deunff 1955
P. cf

.

decorum Deunff 1955

P. deflandrei Deunff
P.

diabolicum Deunff

P. evolutum Deunff 1955
P. pharaonis Deunff

Pterospermopsis onondagaensis Deunff 1955

Tunisphaeridium sp.

Veryhachium crucistellatum Deunff I955
V. heterogonum Deunff 1955
V. cf

.

remotum Deunff I955

V. cf

.

trispinosum Eisenack 1938
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Table 4

Spores of the Onondaga Formation

Acinosporites lindlarensis Riegel I968 var. minor
* ApiculatisT)oris sp.

A McGregor 1957

*A. teneris McGregor 195?
A.

sp.

Apiculiretusispora arenorugosa McGregor 1973
A. gaspiensis McGregor 1973

A. minor McGregor 1973
* Archaeozonotriletes

arenorugosa McGregor 1957

* Calamospora cf retusa
.
McGregor 1957

*C. tenuis McGregor I957

Dictyotriletes cf
p.

subgranifer McGregor 1973

.

sp.

Emphanisporites rotatus McGregor I96I
GrandisDora cf
G

.

.

tomentosa Taugourdeau-Lantz I967

sp.

Hymenozonotriletes sp.
Leiotriletes sp.
* Retusotriletes cf

.

tenuis McGregor 1957

Species as named and described in McGregor (1957

unpublished Ph.D. Thesis).

-I4.8-

Plate
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^'^'^

Explanation of Plate

Leiofusa minuta

a

1

Bois Blanc Formation, Hagersville

,

Quarry, Hagersville, Ontario,

Leiofusa tomaculata

b

,

Clarence Member, Onondaga Formation,

Hardrock Quarry, Clarence, New York.
Leiofusa bac ilium

c

,

Bois Blanc Formation, Hagersville

Quarry, Hagersville, Ontario,

Leiofusa navicula

d

,

Clarence "lember, Onondaga Formation,

Grant Point, Ontario.

Leiofusa sp.

e

B,

Clarence Member, Onondaga Formation,

Grant Point, Ontario,
f

.

.

.

.

Polyedryxium deflandrei

,

Bois Blanc Formation, Hagersville

Quarry, Hagersville, Ontario.

g

Polyedryxium evolutum

,

Clarence Member, Onondaga Formation,

Hardrock Quarry, Clarence, New York.
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Plate 2

a

'

V
*

w

•*-

scale
a-e, bar equals
f,
bar equals

50 microns
25 microns
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I-

i

Explanation of Plate

a

Apiculiretusispora minor

,

2

proximal surface, Bois Blanc

Formation, Hagersville Quarry, Hagersville, Ontario.

b

Apiculiretusispora minor

,

distal surface, Bois Blanc

Formation, Hagersville Quarry, Hagersville, Ontario.
c

Apiculiretusispora arenorugosa

,

proximal surface

,

Bois

Blanc Formation, Hagersville Quarry, Hagersville, Ontario,
d

Calamospora teuis

,

proximal surface, Bois Blanc Formation,

Hagersville Quarry, Hagersville, Ontario.
e

Grand ispora sp., proximal surface, Clarence Member,

Onondaga Formation, Hardrock Quarry, Clarence, New York,
f

Grandispora sp., enlargement of "e" showing detail of

ornamentation
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large intervals of the stratigraphic section within the Onondaga

Formation contained no identifiable palynomorphs

.

However, the

frequency of well preserved palynomorphs seemed to vary
systematically. Therefore a simple Preservation Ratio was

devised in an attempt to quantify the degree of preservation in
each sample, and to use the quantified state of preservation to
correlate from one section to another within the Bois Blanc and

Onondaga Formations
The Preservation Ratio is defined as the number of well

preserved palynomorphs per thousand poorly preserved
palynomorphs that occur in a given sample of chert. The first
thousand poorly preserved organic-walled microfossils that were

encountered in a traverse across the centre of each slide were
counted. A determination was made for each of three slides from

each sample and the results were averaged.

Bois Blanc Formation

The results of the Preservation Ratio analysis for the top

four metres (12 feet) of the Bois Blanc Formation in the

Hagersville area is presented in Figure 19. At no time does the
ratio drop lower than 0.013; it reaches a maximum of 0.103, 380

centimetres (1^8 inches) below the upper contact of the unit.
The preservation is characterized by rapid fluctuations between

abundance and paucity of well preserved palynomorphs. However,
there does appear to be a decrease in the amplitude of the peaks

in preservation upward in the section.

At first glance the distribution of points on the gra^ih in
-53-
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Figure 19 would appear to be random. However, similar peaks and
troughs at similar stratigraphic horizons were derived from two

sections in the Bois Blanc Formation approximately O.50 miles
(0,80 kilometres) apart. In addition, a check was made on the

consistency of the Preservation Ratio along one bedding plane.
Chert samples were taken from the north wall of the Hagersville

Quarry at two localities 100 metres (300 feet) apart. Both
samples were taken two metres (six feet) below the upper contact

of the Bois Blanc Formation where a prominent bedded chert layer
occurred. The two samples were analysed and the results are

remarkably consistent (Table 5).
All samples from the Bois Blanc Formation were internally
consistent. Of the three determinations made from each sample,
none varied more than plus or minus 0.002 except for those cases

where the Preservation Ratio exceeded O.O75 which produced a

variation of no more than plus or minus 0.00^.

Onondaga Formation

The results of the Preservation Ratio analysis for the

Clarence Member of the Onondaga Formation are presented in
Figure 20. Insufficient chert is present in the Edgecliff and

Seneca Members to justify analysis. The cherts of the "toorehouse

Member contained no well preserved palynomorphs

.

As the Clarence

Member contains the greatest amount of chert and represents the
most likely source of chert for archaeological sites within the
study area, the lack of identifiable palynomorphs in the
Moorehouse Member is not considered to be a serious problem.
-55-

Table

5

Consistency of Preservation Ratio

Sample Number* Slide Number

HC260L

HC260R

*

Preservation Ratio

HC260L-1C

0.033

HC260L-2C

0.03^1-

HC260L-3C

0.035

HC260R-1C

0.035

HC260R-2C

0.033

HC260R-3C

0.03^4-

Sample Average

0.03i^

0.03^

Samples taken from the same bedding plane, 100 metres

(300 feet) apart, two metres (six feet) below the upper

contact of the Bois Blanc Formation on the north wall of
the Hagersville Quarry.
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Within the Clarence Member, the ratio can be as low as 0.000

and does not exceed a maximum value of 0.012. Based on the
Preservation Ratio, the Clarence Member can be subdivided into
three zones. Zone A consists of the basal 20 centimetres (7.8
inches) where the ratio varies from 0.008 to 0.012. Zone B,

located 0.2 to 5«8 metres (0.7 to 19.0 feet) above the base of
the member, is characterized by a Preservation Ratio that varies

from 0.000 to O.OO5. Zone C occurs from 5.8 metres (19.0 feet)
above the base to the top of the Clarence Member. It is

characterized by a total lack of well preserved palynoraorphs

resulting in a Preservation Ratio of 0.000 throughout the zone.
The boundaries between zones are sharp.

In general, an obvious pattern emerges from the Preservation

Ratio analysis for the Clarence Member. Preservation of

palynomorphs becomes progressively poorer from the base to the
top of the member. It is interesting to note that the abundance
of pyrite spheres not enclosed within organic-walled microfossils

becomes greater as the preservation becomes poorer.

Organic Content

The results of the analysis of chert samples for the

variation in organic content is given in Table

6.

A comparison

of samples HC2600r, CEOOr, and BF6200r, with Preservation Ratios
of 0.091, 0.012, and 0.000 respectively, all have approximately

0.010 grams of organic material per gram of chert. There appears
to be no relationship between the amount of organic material

and the number of well preserved palynomorphs present in a
-58-

Table 6

Organic Content of Chert

Formation

Bo is Blanc

Sample

Grams of Organic Material

Number

per Gram of Chert

HC2600r

High

Low

Preservation

Preservation

Ratio

Ratio

0.010

HC3050r

Onondaga

0.00^

0.010

CEOOr
CE710r

0.005

BF1350r

0.026

BF3900r
BF6200r
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—

0.008
0.009

given chert sample

Silica Content

The results of the analysis of variability in the silica

content of the whole rock samples is given in Table ?. No pattern
is discernible. There appears to be no relationship between

preservation and the amount of silica in the whole rock samples.
The results obtained from the Clarence Member of the Onondaga

Formation are in good agreement with those obtained by Oliver
(1966).

A slide was examined from the residue of each sample after
m.aceration in HCl. In all the samples silica was the

ma.i'or

component. Clay minerals constituted two per cent or less by

volume of the whole rock and therefore were of minor importance.
No organic material or sulphide minerals were observed.

Preservation Ratio for Chipping Debris

The results of the Preservation Ratio analysis on chipping

debris from the Feren archaeological site is given in Table 8.
Of the 24 samples, one came from Zone A, 12 from Zone B, and 11

from Zone C.
A sample was assigned to Zone A if it had a Preservation

Ratio between 0.00? and 0.012, Zone B for a Preservation Ratio

between 0.001 and 0.006. A sample with a Preservation Ratio of
0.000 was considered to have come from Zone B if only one well

preserved palynomorph was encountered during the three counts
-60-

Table

7

Silica Content of Whole Rock Samples

Formation

Sample

Grams of Silica per Gram of

Number

Whole Rock

High Preservation
Ratio

Bo is Blanc

HC30S
0.78

0.^

HCllOS
0.1^

HC185S

0.52

HC26OS

0.39

HC305S

Onondaga

Ratio

0.80

HC6OS

HCI6OS

Low Preservation

0.36

HC32OS

0.50

CEOS

0.37

CE71S

0.88

BF135S

0.0^

BF25OS

0.34
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Table 8

Preservation Ratio for Feren Archaeological Site Chipping Debris

Sample

Preservation

Number

'-

Clarence Member

Ratio

Zone

Fl

0.001

B

P2

0.000

C

P3

0.002

B

F^
F5
F6

0.000

C

0.000

C

0.000

B

F7

0.000

B

F8

0.001

B

F9

0.000

C

FIO

0.000

C

Fll

0.000

C

F12

0.000

F13

0.001

B

Fl^
F15

0.000

C

0.001

B

F16

0.000

B

F17

0.000

C

FIB

0.000

B

F19

0.011

A

F20

0.000

B

F21

0.000

C

F22

0.000

C

F23

0.002

B

F2^

0.000

B
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done on that sample, and from Zone C if no well preserved

palynomorphs were found.
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DISCUSSION

Acritarchs

Bois Blanc Formation

A great abundance and diversity of acritarchs is typical of

the top four metres (12 feet) of the Bois Blanc Formation.
one species is dominant but Hystrichosphaeridium spiciferum

Polyedryxium pharaonis

,

P.

defleindrei (Plate 1-f )

,

,

and

Cymatiosphaera multisepta are the most common forms.
the genus Veryhachium are also very common.

No

Specries of

Leiofusa baciilum

(Plate 1-c) and L^ minuta (Plate 1-a) are the acritarchs most

characteristic of the Bois Blanc Formation.

Although L^ minuta

is somewhat uncommon, L^ baciilum is present in almost all

chert samples examined in the Bois Blanc Formation and is

therefore the species that is most characteristic of this unit.
The great diversity of acritarchs and the lack of dominance

by one or two species suggests that the Bois Blanc sediments
were deposited in a warm, tropical or subtropical, marine
In addition, the presence of forms which appear to

environment.

be closely related,

Polyedryxium

,

(such as the species within the genera

Veryhachium

,

and Cymatiosphaera ) suggests that

the acritarchs occupied many finely divided ecological niches

within this environment.

Acritarchs are considered to have been

components of planktonic microflora (Tschudy and Scott, 19^9)
and the presence of so many closely related forms implies that

acritarchs had adapted to a large number of microenvironments
-6^-

within the photic zone of the water column.
An alternative explanation for the acritarch diversity,
however, is possible. Acrltarchs may have been adapted to

lateral changes in the environment as well as vertical ones. In
this case, post mortem transport of acrltarchs may have mixed
forms which in life were more or less separated by ecological

barriers. Thus, forms adapted to high energy as compared with

low energy, near shore as compared with off shore, murky as
compared with clear water, or near surface as compared with

deeper water environments could all be transported and mixed
before being deposited.

Ecological factors which affected acrltarchs are very poorly
understood. It is quite possible, however, that factors such as
temperature, salinity, light intensity, and water depth were
important, using present phytoplankton distribution as a

modern analogue. Further studies of these factors are important
as acrltarchs represented a significant portion of the base of
the food chain which supported, either directly or indirectly,
the diverse assemblage of megafossil forms found in the Bois

Blanc and Onondaga Formations.

Onondaga Formation

As with the Bois Blanc Formation, no single species

dominates the acritarch assemblage of the Onondaga Formation.
The most frequently encountered forms are Hystrichosphaeridium

spiciferum

,

Polyedryxium pharaonis

,

and P. evolutum (Plate 1-g)

Species of the genus Cymatiosphaera are also very common.
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Leiofusa navicula (Plate 1-d), L. sp. B (Plate 1-e), and L.

tomaculata (Plate 1-b) are the acritarchs most characteristic
of the Onondaga Formation.

L.

tomaculata is somewhat uncommon

but L. navicula and L. sp. B were encountered in all samples
where acritarchs were preserved.
The lack of dominance by one or two species and the diversity

of forms in chert samples from this unit suggests a tropical or

subtropical climate

.

All identifiable acritarchs have come from

the Clarence Member of the Onondaga Formation.
The Clarence Member sediments were apparently deposited in

a lagoonal environment. One would expect to find neither a

diverse assemblage of forms, nor forms that are closely related
in this rather harsh environment where fluctuations in salinity,

and possibly temperature, were almost certainly frequent.
Therefore, the diversity of forms and the number of closely

related species would argue strongly for the transport, after
death, of many of the acritarchs into the lagoon

-

a circumstance

not unexpected in planktonic organisms.

Comparison

With the exception of the Leiofusidae

,

the species

•
'

compositions of the Bois Blanc and Onondaga Formations are very
similar. However, there are some interesting differences in

abundance of some of the species between the two formations.

Individuals belonging to the genus Veryhachium are more
common than individuals of the genus Cymatiosphaera in the Bois
Blanc Formation. The reverse is true for the Onondaga Formation.
-66-

Polyedryxium evolutum (Plate 1-g) is common in the Onondaga but
but rare in the Bois Blanc. Conversely, P. deflandrei (Plate 1-f)
is common in the Bois Blanc and considerably less abundant in

the Onondaga. On the basis of present palynological data it is

difficult to say whether these differences reflect an

evolutionary trend among the acritarchs or simply a difference

between the normal marine environment of the Bois Blanc
Formation and the lagoonal environment of the Clarence Member
of the Onondaga Formation. Further investigation of acritarchs,

particularly in shale partings

,

from the more norm.al marine

environments of the Edgecliff and Moorehouse Members of the
Onondaga Formation would possibly resolve this problem.
The Leiofusidae are the most useful microfossils for the

differentiation of the cherts of these two formations. The Bois
Blanc is characterized by Leiofusa bacillum (Plate 1-c) and
L.

minuta (Plate 1-a). The Onondaga contains L. bacillum (rare),

L.

sp. B (Platel-e),

(Plate 1-b)

.

L.

navicula fPlate 1-d), and L. tomaculata

Among these palynomorphs there does appear to be

an evolutionary trend from L. bacillum through L. sp. B to L.
navicula, and from L. minuta to L. tomaculata

.

All five species are similar in their simple morphology,
single cell wall, and smooth, featureless surfaces. In shape

they vary from elongated, ribbon-like forms to flattened, oval
discs. They are differentiated by their length to width ratios.
L. bacillum varies in length from 100 to I50 microns and in

width from 12 to 20 microns, with a corresponding length to
width ratio of 0.12 to 0.I3.

L.

navicula has the following

dimensions: length I80 to 270 microns, width 38 to 5I microns,
-67-

length to width ratio of 0.18 to 0.26.

L.

sp.

B occupies an

intermediate range between L. bac ilium and L. navicula with
length, width, and length to width ratio values of I56 to 182

microns, 23 to 3I microns, and O.I3 to 0.1? respectively.
L.

minuta is shorter and more robust than the three species

described above, with average length, width, and length to width
ratio values of 9^ microns, 25 microns, and 0.2? respectively.
L.

tomaculata is also robust but considerably larger, with

length, width, and length to width ratio values of I08 to I7I
m.icrons,

4-0

to 63 microns, and 0.3^ to 0.4? respectively.

In the L. bacillum - L. navicula species there appears to be
a trend toward an increase in width as well as a considerable

increase in over all size. The same trends are evident in the
L. minuta - L.

tomaculata species. With a paucity of information

on environmental factors affecting acritarchs and a lack of

knowledge on the phylogenetic affinities of the Leiofusidae, it
is at present very difficult to interpret the causes for these

observed changes through time.

Spores

Bois Blanc Formation

Approximately ten per cent of the palynom.orphs identified
from the Bois Blanc Formation were trilete spores. The spores
of this unit are clearly dominated by one species,

Apiculiretusispora minor (Plate 2-a,b) which represents
approximately 50 per cent of all the spores identified. A.
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arenorugosa (Plate 2-c) is also common. No megaspores were
found. A late Emsian age is indicated by the species composition

as listed in Table 3 (D.C. McGregor, pers. comm.).

Thick walled spores are somewhat more common than thin

walled forms in the studied assemblages. Thin walled spores are
assximed to be more commonly produced by plants which inhabit low,

swampy or moist habitats. Thick walled spores would therefore
indicate the presence of plants with adaptations to higher

ground with more xeric conditions. Judging from the relative

numbers of thick as compared with thin walled spores, it would
appear that extensive areas of dry land were present somewhere

near the Niagara Peninsula during late Emsian time. These land
areas were probably to the north or east. It is interesting to
note that the Bois Blanc thins and disappears to the east of
Buffalo, Mew York. Low, wet lands were present but not extensive.

Another interpretation of the data is possible. The lack of
megaspores and the dominance of thick walled forms may be due
to differential transport and preservation. Studies have barely

begun on the water transport and deposition of m.odern pollen
and spores. These studies have been concerned mainly with

freshwater environments. Studies on marine environments have not,
as yet, provided enough data to help resolve this problem. The

largest spores, Grandispora cf. macro tuberculata

,

found during

this study, occurred as three fragmentary specimens. The

fragmentation of these spores and the wear of the ornamentation
on their exterior surfaces appears to be the result of mechanical

abrasion

during transport, rather than oxidation which might

have occured before, during, and after deposition. It would
-69-

appear then that the lack of larger spores in the samples could
be the result, at least in part, of mechanical breakup prior to

deposition. It should be noted, however, that unoxidized

specimens of the smaller miospores show no signs of mechanical
abrasion.

Onondaga Formation

Trilete spores account for about 25 per cent of the

identifiable palynomorphs found in the Onondaga Formation.
No single species is dominant but Apiculiretusispora arenorugosa
(Plate 2-c), A. minor (Plate 2-a,b)
-d)

,

Calamospora tenuis (Plate 2

and Grandispora sp. (Plate 2-e,f) are the common forms. No

,

megaspores were found. An Eifelian age is indicated by the
species composition as listed in Table 4 (D.C. McGregor, pers.
comm

.

)

All identifiable spores were obtained from the Clarence
Member. Thin walled spores are more common than thick walled

^

ones. This is in agreement with the results obtained by McGregor
(1957)

»

"but

the dominance is not as marked in these chert samples

as that indicated by the samples of shale partings used by him.
The lithology of the enclosing carbonate rock in which the shale

partings occurred is not specified, but as they were collected in

Norfolk County they probably belong to the Edgecliff Member.
The dominance of thin walled spores would indicate the

presence of extensive lowlands during Eifelian time near the

Niagara Peninsula and a variety of thick walled spores indicates

that higher land was also present in the veoinity at that time.
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These highland areas probably existed to the north or northeast

of the study area. The Nedrow Member, the fades equivalent in

eastern New York State of the Clarence Member, is markedly

argillaceous indicating it was deposited on or near the edge
of the Appalachian Basin. It would seem unlikely that land

existed to the east of the study area. Likewise, to the west

and south, the presence of extensive carbonate deposits of the
Detroit River Group give no obvious evidence for land areas
in these directions.

Recently, Andrews et al.

(1975)

•

Formation in New Brunswick (Eifelian)

working on the Campbellton
,

have found spores which

bear a striking resemblance to the Grandispora sp. (Elate 2-e,f)
found in the Clarence Member samples. These spores were found
in situ with the plant Oocampsa catheta

.

This plant, or a close

relative, must have flourished along the shores of the sea in

which the Clarence Member sediments were deposited. Further
finds such as this will add much to our understanding of the

terrestrial flora that produced the spore assemblage found in
this unit.

Comparison

Spores are generally more abundant in the Clarence Member
of the Onondaga Formation. This aspect is consistent with the

interpretation of the Clarence sediments as lagoonal. Such a

lagoon would be expected to gather much of the terrestrial
material from runoff and river discharge. Its relatively quiet

waters would act as a trap to hold and allow much of this
-71-

material to settle to the "bottom to be buried.
There are no species which are common enough to allow an

easy distinction between the cherts of the Bois Blanc and

Onondaga Formations based on spores alone. However, a singular
abundance of Apiculiretusispora minor is characteristic of the

Bois Blanc Formation, while an assemblage of A. arenorugosa

minor

,

Calamospora tenuis

,

,

A.

and Grandispora sp. is typical of the

Onondaga cherts. There appears to be a greater diversity of
spore species in the Onondaga material, but this is probably the

result of a greater palynomorph abundance in this unit. A more
exhaustive sampling of the Bois Blanc cherts would probably
reveal a diversity of forms comparable to that found in the

Onondaga
The occurence of A. minor in the Clarence Member of the

Onondaga Formation extends the known range of this species into
the Eifelian. Previously this species was believed to be

confined to rocks which were Emsian or older (D.C. McGregor,
1973f 1976, pers. comm.).

Preservation Ratio

In this study, in order to be judged well preserved, a

palynomorph had to be morphologically intact, and of a uniform
light amber to very light brown colour. Preservation in the
Bois Blsmc Formation is generally good. The Preservation Ratio

graph (Figure 19) for the top four metres (12 feet) of this unit
is characterized by rapid fluctuations between high and low

numbers of well preserved palynomorphs
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.

There appears to be a

rythmicity to these fluctuations with peaks in the number of
well preserved palynomorphs occurring at roughly one metre
(three foot) intervals. The peaks become progressively larger

with increasing depth in the section.
Preservation in the Onondaga Formation is generally poor.
No identifiable palynomorphs are present in the Moorehouse

Member and little or no chert is present in the Edgecliff and
Seneca Members. Therefore, this discussion will concentrate on
the Clarence Member of the Onondaga Formation. Preservation

becomes progressively poorer from the base of this unit to the
top (Figure 20)

Based on the Preservation Ratio it is possible to divide the

Clarence Member into three zones

(A,

B,

and C)

.

Zone A has

Preservation Ratio values that lie between 0.012 and 0.00?.
Those for Zone B range from 0.006 to 0.000 and Zone

C

has a

Preservation Ratio of 0.000 throughout.
Cherts from the Bois Blanc Formation are easily distinguished

from those of the Onondaga Formation using the Preservation
Ratio. Preservation Ratios for the Onondaga Formation never

exceed a value of 0.012. On the other hand, Preservation Ratios
for the top four metres (12 feet) of the Bois Blanc Formation

never drop below 0.013 and are usually considerably larger. The
possible causes for the differences in preservation between
these two formations and the changes in preservation within

each unit are discussed below.
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Factors Affecting Preservation

Amount of Silica

Because of the marked difference in preservation between the

cherts of the Bois Blanc and Onondaga Formations, and within
each of these units, it was thought that at least a cursory

investigation should be made to account for these differences.
It is possible that the amount of silica originally present in
the sediment would affect the amount of chert formed and

possibly the rate at which it would form. The simple assumption
was made that the more silica present in the sediment, the
faster the chert would form, and this in turn would affect the

preservation

-

the faster the chert form.ed, the better the

preservation would be.
As the results in Table

7

indicate, there is no correlation,

either positive or negative, between the quality of the

preservation and the amount of silica in the whole rock. It

would appear then that, at least in the cases of the Bois Blanc
and Onondaga Formations, the amount of silica present was not a
significant factor in determining the quality of preservation
of the palynomorphs

Sedimentation Rate

The m.ore rapidly an organism is buried, the better are its

chances of being preserved. Under conditions of rapid sediment
accumulation, palynomorphs would be quickly buried and
-74-

accordingly, the time diiring which it would be subject to

oxidation would be greatly shortened. At the same time, the
amount of organic material per volume of sediment would be

decreased as the organic material is diluted by an abundance
of sediment.

Conversely, under conditions of slow sediment accumulation,

organic material would be exposed to an oxygenated environment

long enough to be oxidized quite severely. At the same time,

greater am.ount of organic material would have had time to
collect at any given depositional site

-

resulting in a higher

organic content per volume of sedim.ent.

Using the above reasoning, if sedimentation rate is a
factor in determining the quality of preservation in the Bois
Blanc or Onondaga Formations, one would expect to find a high

organic content in chert samples where the organics are severely

oxidized and a low organic content in samples where there are
abundant well preserved palynomorphs

.

As Table 6 indicates, no

such results were obtained. The highest amount of organic

material was found both in samples that appear to have been
severely oxidized and in samples with abundant well preserved
palynomorphs. Indeed, no pattern is apparent. In the field there

was no evidence, either sedimentological or stratigraphical, to
suggest any marked variation in sedimentation rates within

either the Bois Blanc Formation or the Clarence Member of the

Onondaga Formation. It would appear that the rate of

sedimentation was not a significant factor in determining
the quality of preservation in either of these units.
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Time of Chert Formation

The cherts of the Bois Blanc and Onondaga Formations were

probably formed by the remobilization of biogenic opal as
described by Wise et al. (197^). This is particularly true of
the Onondaga cherts where, in thin sections, faint outlines of

sponge spicules are still visible within the cryptocrystalline

ground mass. According to Wise, when the remobilized silica
begins to crystallize

,

it tends to form in the intergranular

spaces of the sediment and around any microfossils that are

present. If this is true, then the palynomorphs would be among
the first objects encased in silica during incipient chert

formation. Once covered in silica the rate of oxidation of a

palynomorph would be greatly reduced, if not arrested
altogether. Thus, the sooner chert formation begins after
deposition, the sooner the palynomorphs will be encased in

silica and the better the overall preservation of the

palynomorphs will be
It is impossible, with the present state of knowledge

concerning the chemistry and physics of chert formation to
determine when these cherts began to form. It is probable,
however, that the timing of incipient chert formation was a major

factor in determining the quality of preservation of any

palynomorphs present in a given sample.
It is most interesting to note in this connection that both

the quality of preservation and the petrology of the cherts

differs greatly between the Bois Blanc and Onondaga Formations.

Preservation in the Bois Blanc cherts is generally good and the
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bulk of the chert is composed of chalcedony. In the Onondaga
cherts, however, preservation is generally poor and

cryptocrystalline quartz is the major mineral. These are not

isolated cases. Hof

raan

(1976) noted that the best preserved

organic -v/alled microfossils present in the cherts of the

Kasegalik and McLeary Formations (from the Belcher Islands)
were associated with chalcedony. Cloud (1976) describes the
cherts of the Gunflint Formation which contain well preserved

biotas as being chakedonic. A cursory examination of
cryptocrystalline quartz cherts from the Gull River Form.ation
(Ordovician) and the Goat Island Member of the Lockport

Formation (Silurian) reveal generally poor preservation in both
cases. The reasons for this relationship are not at all clear.'

However, it is possible that cherts which com.mence form.ation

shortly after deposition produce chalcedonic cherts v/hile those
that begin to forn at some considerable

tim.e

after deposition

produce cryptocrystalline quartz cherts.
It might be useful to postulate a rule -of -thumb: preservationis good in chalcedonic cherts and poor in cherts composed of

cryptocrystalline quartz. Therefore, when sampling cherts for
palynom.orphs in the field, one should concentrate on cherts

with a more waxy lustre. However, being a generalization based
on a m.inimum amount of data one can expect to find num.erous

exceptions to such a "rule".

Oxygen
Perhaps the

r.;ost

obvious factor involved in the quality of
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preservation in this study is the amount of oxygen that was
present in the water before, during, and after deposition of the

palynomorphs

.

Direct, quantitative data are not available at

present for the Bois Blanc and Onondaga Formations. However,
indirect evidence is present. An abundance of brachiopods
and other megafossils in the rocks of the Bois Blanc Formation

argues for a well oxygenated environment prior to deposition.
In both formations less than ten per cent of the palynomorphs
show little or no evidence of having been oxidized. The presence

of visible pyrite associated with chert nine metres (2? feet)
above the base of the Clarence Member would argue for a reducing

environment, probably developed after deposition. Palynomorphs

from the same horizons, however, were all severely oxidized,

probably before deposition. Cloud (I976) implies a high level
of oxygen in both the atmosphere and hydrosphere during Early

and Middle Devonian time

,

though perhaps not as abundant as

it is at present.

The presence or absence of oxygen prior to the formation of

chert was probably the single most important factor in

determining the quality of preservation of the palynomorphs in
any given sample. In both the Bois Blanc and Onondaga Formations

oxydation destroyed the bulk of the palynomorphs before they
could be removed from the source of the oxygen by being sealed
in the cherts.

Post

-

Sedimentation Factors

The lack of acritarchs and spores in the limestones and
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cherts of the Edgecliff and Moorehouse Members is probably due
to the medio crystalline nature of the sediment prior to chert

formation (Gray and Boucot, 1975)

•

Alterations in the

palynomorphs due to temperature and pressure are considered to
have been negligable

.

If a substantial thickness of Hamilton

Group sediment originally covered the Onondaga and Bois Blanc

Formations in the study area, then these units were probably
sub.jected to at least some shear caused by loading pressure and
a corresponding rise in temperature. Cherts have a high thermal

conductivity and a high shear resistance. Carbonates have a
moderate thermal conductivity and a moderate shear resistance
(Gray and Boucot, 1975).
In addition, the units in the study area are flat-lying

sediments deposited on the shelf area which seperates the

Appalachian from the Michigan Basins. The units thin

from, the

basins onto the shelf. There is no evidence of igneous intrusion
or extrusion. Therefore no changes have occurred due to shear

during folding or temperature changes associated with regional
or contact metamorphism. In general, alterations in the

palynomorphs due to post-lithification factors are not considered
important in the context of the present study.

Paleoecology

Bois Blanc Formation

An unconformity exists between the Upper Silurian Bertie
Formation and the Lower Devonian rocks of the study area.
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Several explanations for the development of this unconformity
are herewith presented.

Uplift within the Michigan Basin and along the Algonquin

Arch could have raised the land surface above mean sea level
towards the end of the Silurian. The land surface was then

subjected to a period of erosion. Subsequent subsidence during
the late Emsian of the Early Devonian resulted in a marine

transgression and a return to normal marine conditions.
Secondly, there is some evidence to suggest that a world-

wide lowering of sea level occurred during the Early Devonian
(Miller, 1976; Douglas et al., 196^; Foole et al., 196^; Grabau,

192^). Ager (1973) has suggested that the collision of Laurentia

with Europe to produce Euamerica at the end of the Silurian
may have caused a foreshortening of this continental mass and
a consequent increase in the volume of the ocean basins

resulting in a lowering of sea level.
It is also possible that a lowering of sea level resulted

from a period of glaciation that was centered in South Africa
at this time (Harland and Herod, 1975)

•

It is known that during

the Pleistocene glaciations, lowering of sea level exceeded

100 metres (300 feet)

(Flint, 1971). The effects of Pleistocene

sea level lowering in carbonate producing areas

(

somewhat

analogous to the study area during the Early Devonian) have been
studied in Florida (Ginsburg, 1972) and the Bahamas (Gebelein,
197^).

Whatever the cause, a major marine transgression occurred

within the study area late in the Early Devonian. Clean, well
sorted, quartz sands of the Oriskany Formation were deposited in
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a high energy, shore or near shore environment. Vertical worm

borings developed in the top of the Bertie Dolostones indicate

very shallow, near shore conditions. Constaxit reworking of
sediments as the shoreline retreated, has left a very patchy

distribution of Oriskany Sandstone in the Niagara Peninsula.
Indeed in many places, only a thin layer of sand and pebbles
at the base of the Bois Blanc Formation remains as evidence of
this transgression.
As the water depth subsequently increased, carbonate

sediments typical of the Bois Blanc Formation began to be
deposited. Quiet water conditions, below wave base or in an

otherwise sheltered depositional environment, now prevailed and
a fine carbonate mud was deposited. Leptaena and other

strophomenid brachiopods flourished; their morphologies were
well adapted to prevent sinking or fouling in this soft
sediment (Alexander, 1975)' The abundance and variety of

acritarchs probably indicates normal salinity and tropical
or subtropical temperatures. The acritarchs probably provided
a significant proportion of the basic food supply which the

abundant brachiopods, corals, and other filter-feeders required.
The sediment may have been frequently disturbed by a

lowering of the wave base possibly by storms as supported by

modern environmental analogues in the Caribbean region
(Ginsburg, 1972; Gebelein, 197^; Multer, 1977). these

disturbances would have had to be brief, such that the
megafossils were disarticulated and disoriented, but not of
sufficient duration to produce any noticeable sorting of the
sediment. The same result could have been produced by the action
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of infaunal scavengers and sediment feeders even though no
obvious trace fossils are present in the rock (Peatherstone and
Risk, 1977).
The low numbers of trilete spores present in this unit

indicate the probable presence of a land mass or masses

(including possible islands) at some distance from the Niagara

Peninsula during the late Emsian. More data are needed on the
mechanics of dispersal, deposition, and preservation of modern

pollen and spores to adequately explain this aspect. Adequate
data are not available on the current and wind strengths and
directions during the late Emsian in the study area. Therefore
it is difficult to estimate the distance or direction of this

land mass. Oliver (1976) suggests that it might have been

located somewhere to the north or east. The spores do indicate,
nevertheless, that the land (or islands) was covered by a fairly
diverse assemblage of plants. The spores yield an interesting,

but still unclear, picture of what the land physiography might
have looked like

.

Both highlands and lowlands apparently

supported a diverse and possibly abundant growth of vegetation,
a fact which is not evident from the megafossil record of this
area.

Onondaga Formation

Oliver (I966) described an unconformity between the Bois
Blanc and Onondaga Formations in Western New York State. However,
this unconformity is not readily observable in the Hagersville
area. The fine carbonate muds and the low energy conditions of
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the Bois Blanc Formation changed abruptly to the medio --^.-

crystalline and bioclastic carbonates and high energy conditions
of the Onondaga's Edgecliff Member. A carbonate bank developed

and such a bank, in turn, supported a complex of bioherms. The
fauna of the Edgecliff Member is dominated by rugose and
tabulate corals and echinoderms. Overturned coral heads and

layers and lenses of well sorted echinoderm debris indicate a

high energy environment for most of this unit. Icriodus is the
most common conodont in the Edgecliff Member (P. von Bitter,
pers. comm.) and this supports the idea of a high energy, clear,

shallow water, carbonate environment (Weddige and Ziegler, 1976)
The corals and echinoderms indicate a tropical or subtropical

climate
The carbonate

,

biohermal bank of the Edgecliff Member

gradually gave way to the lagoonal environment of the Clarence
Member when the carbonate bank may have retreated to the
southwest. In the study area, carbonate mud was being deposited

in a low energy environment. The scarcity of megafossils implies
that the environment was not suitable for most organisms. This

aspect was probably due to unfavourable bottom conditions (soft
bottom)

,

turbidity, and fluctuations in salinity. The heavily

oxidized palynomorphs found throughout this unit indicate normal,
or near normal oxygen levels.
The high percentages of trilete spores found in the cherts

of this unit suggests that considerable amounts of fresh water

were discharged' into the lagoon. They definitely indicate the
presence of a land mass or islands nearby, probably to the

north or east (Oliver, 1976)

.

Certainly a diverse assemblage
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of terrestrial plants must have inhabited both the low, swampy
ground and the drier areas of this environment. As in the case
of the Bois Blanc Formation, there are no plant megafossils in
the Clarence Member to indicate that such a rich assemblage of

plants was present nearby. A close proximity to the land is also
suggested by the high num.bers of acritarchs belonging to the
genus Cymatiosphaera (Gray and Boucot, 1975)'
The lagoonal environment of the Clarence :]ember was gradually

replaced by a return of the carbonate bank which was now

depositing sediments of the 'loorehouse Member. The fauna and
sediments of this unit are very similar to those of the

Edgecliff Member. However, bioherms failed to develope while
the Moorehouse was being deposited; possibly owing to shallow

water or otherwise unfavourable environmental conditions. It is
possible that the sediments were too unstable (being constantly
shifted about) to allow a concentration of benthic, sessile

organisms to colonize and persist long enough to form a bioherm.
The sedimentation of the overlying Seneca Mem.ber began with

an episode of volanism, possibly to the east, whose products
helped to form the thin layer of the Tioga Bentonite

.

^--Ir-

Deposition

on the carbonate bank then resumed. A high energy environment
continued as evidenced by the bioclastic and medio crystalline,

well sorted sediments. However, megafossils are not common and
the reason for this decline in the fauna is not clear. It is

possible that the water had become quite shallow. As the
sediment is somewhat finer in this member than in the Moorehouse
it is possible that the turbulent water kept a considerable

amount of sedim.ent in suspension. Suspension feeders such as
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corals and echinoderms which make up the bulk of the fauna in
the Edgecliff and Moorehouse Members would have found it

difficult to survive under such conditions.
The deposition of the Onondaga Formation was terminated by
the influx of great quantities of non-carbonate muds of the

Hamilton Group. This change was brought about by the initiation
of the Acadian Orogeny (a pulse in the Appalachian Orogeny)

and the consequent buildup of the Gatskill delta in the east
(Clark and Siearn, I96O)

.

This orogeny, in turn, was the result

of the near approach of Gondwanaland to Euamerica (Oliver, 1976;
Fallaw, 1977).

Chert Sources

Examination of the chipping debris from Archaic Indian sites
in the study area (including the Feren site) indicates that 98

per cent of the chert used was derived from the Middle Devonian
Onondaga Formation. It is typically a mottled, dark to medium
grey colour on fresh surfaces and a mottled, light to medium

grey colour on weathered surfaces. In addition, the unworked
surfaces of cores were originally water worn (Figure 2)

;

and the

top and bottom of the cores are covered by a surface of

extensive pitting. The pits in some cores retain traces of

deeply weathered limestone. However, these surfaces show no
signs of having been battered during removal of blades from the
core. It is apparent that the cores originally had a thin

limestone cap on their upper and lower surfaces. These limestone

caps have subsequently been leached away by the acid soil
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conditions found on the archaeological sites.

Rectangular blocks of water worn chert are found in cobble

beach deposits along the north shore of Lake Erie from Fort Erie
to Nanticoke

(Figures 21 and 22)

comprise from 35

"to

.

Chert cobbles commonly

65 per cent of these deposits. The blocks

invariably have a thin layer of limestone on their upper and

lower surfaces.
Cherts in these deposits are derived from the Clarence
"^^ember

of the Onondaga Formation which outcrops extensively on

most of the points along the shore (Figures 10 and 11). Up to
70 per cent of the whole rock in this unit is chert. Typically,

it is a mottled, medium to dark grey colour on fresh surfaces

and a mottled, medium to light grey colour on weathered surfaces.
The nearest, most abundant, and most easily exploited source of

chert appears to have been along the north shore of Lake Erie

between Fort Erie and Nanticoke.
Previous work (Parkins 197^) based on the percentages of
calcite in the chert, indicated that the source area could be

narrowed down to the Lake Erie shore between Port Maitland in
the east and Nanticoke in the west. It was hoped that an

examination of the palynomorphs in the chert would further limit
the potential source areas to a few cobble beach deposits.
A small portion of the northeast corner of the Feren site

was selected for the sampling of chipping debris. This portion
of the site is of limited areal extent. The cultural horizon is
a thin layer confined to the plough zone. Only Lamoka Phase

artifacts have been found on this portion of the site. Thus,
only one cultural group of people occupied this part of the
-86-

Figure 21. Abundant chert cobbles in cobble beach deposit, 2.1

miles (3.^ kilometres) east of Peacock Point on the
north shore of Lake Erie
Figure 22. Naturally formed cores from the cobble beach deposit,
2.1 miles (3'^ kilometres) east of Peacock Point on
the north shore of Lake Erie

'.^-^•.ii1i.A^':^^..',. ,>>j'.-./ ...3.
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site for a relatively brief period of time.

The palynomorphs

,

when preserved, are typical of the Clarence

Member of the Onondaga Formation. Leiofusa navicula

,

L. sp. B,

L. tomaculata, and Polvedryxium evolutum are the acritarchs

commonly found in these samples. Among the trilete spores, an
assemblage is found in which Apiculiretusispora minor

aenorugosa

,

Calamospora tenuis

,

,

A.

and Grandispora sp. are the

most common forms. There can be no doubt that the majority of
chert on this portion of the Feren site was derived from the

Clarence member of the Onondaga Formation.
On the assumption that the Archaic people were using only
one or two cobble beach deposits as source areas, one would

expect the Preservation Ratios of the chert fragments to be

clustered into one, or possibly two, of the zones within the

Clarence Member. This aspect assumes that the chert in a cobble

deposit would have been derived from an outcrop of limited
stratigraphic range. This will be discussed in more detail below.
The results indicate, however, that cherts from all three
zones are present on the site. Further, the amount of chert

present from each zone is in roughly the same proportion as the
thickness of that zone. Thus, only one sample is from Zone A

which is thin; 13 are from Zone B; and 10

sire

from Zone C which

are about equal in thickness and considerably thicker than Zone
A (Figure 20). This analysis suggests that the Archaic people

were selecting chert at rsmdom from within the Clarence Member.
It is quite possible that any given cobble beach was quickly

depleted of all the well formed, rectangular chert blocks. This
aspect would urge the "chert gatherers" to move on to the next
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deposit. It is also possible that erosive action would soon

replenish the supply of chert blocks in that particular deposit
so that the Archaic Indians could return to it in a few years

or tens of years.

Shifting beach deposits may have caused the Archaic people
to change the location of their chert sources. The beach on

Reeb's Bay at the south end of Quarry Road, west of Port
Colborne, Ontario is a good example. When examined in 197^ and

again in 1976, an extensive cobble beach, rich in chert, was
present. When examined in 1977, however, the cobbles were

completely buried under a layer of quartz sand. Only an
occasional chert cobble could be found.
It could be argued that the cherts in a single cobble beach

deposit were derived from a thick stratigraphic section where
Zones A, B, and C were all present. An extensive examination of

sections along the north shore of Lake Erie, particularly

between Port Maitland and Nanticoke, revealed a maximum shore
section of 1.6 metres (5*2 feet) on the east side of Grant Point.
No single bedrock section is very thick; each would contain, at

most, the boundary area between two zones.

A more serious obiection is raised by the possibility that
the chert in a cobble deposit was derived from, a number of

outcrops. Field observations make this possibility seem unlikely.

Near the outcrops from which the chert is being derived, cobble
size fragments of chert are common (Figures 11, 21, and 22). A

few hundred yards 'metres) along the shore, however, very few

cobble size fragments can be found; most are pebble size even

though cobble size fragments of Clarence Member limestone are
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still abundant. Beyond this point pebble size fragments of chert

become rare. As chert is extremely brittle, the high energy

environment necessary to form a cobble beach deposit is also
capable of fracturing the chert cobbles. The limestone,
dolostone, sandstone, and igneous cobbles associated with the

chert are excellent tools for breaking it up. Pebble size chert
fragments invariably show signs of extensive battering and
fracture. In places where the Clarence Member is absent and the

Edgecliff Member forms the bedrock of a point, no cobble size
fragments of chert are found, even though extensive cobble beach
deposits are present. Based on these observations, it is

suggested that the chert in a cobble beach deposit was derived
from an outcrop of the Clarence Member in the immediate vicinity.
There are many obvious advantages in using the cobble beaches
as chert source areas:
1)

An abundance of raw material. As stated above, deposits
where 35 to 65 per cent of the cobbles are chert are quite

common along the north shore of Lake Erie within the study
area.
2)

The presence of more than one kind of raw material in the
same location. The deposits concerned in this study not

only contain chert for chipped-stone tools but limestone,
dolostone, sandstone, and igneous rocks for hammerstones,

anvilstones, and possibly boiling stones and Grimsby

Sandstone

-

the only material used in the study area for

net sinkers.
3)

The presence of raw material in a form that requires a

minimum amount of work to produce a useable tool. The chert
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cobbles are ready-made cores, rectangular with flat upper
and lower surfaces. Mo back-breaking and tedious quarrying

of bedrock is needed. No core preparation is necessary. The

well rounded cobbles of Onondaga limestone, Lockport
dolostone, Grimsby sandstone, and "Grenville" igneous rocks
are the ready-made hammerstones needed to work the chert.

They lie side by side with the chert cobbles and these
rock types are used for hammerstones on the archaeological
sites found along the Welland River. Flat, oval cobbles of

Grimsby sandstone need only be notched, using a hammerstone
to convert them into net sinkers.
4) Ease of transportation. The raw material could be carried

in bulk by dugout with a minim.um ef effort.

Along this line of thought, one is impressed by the ingenuity
and the knowledge accumulated by these Archaic people through

centuries of trial and error. In no other instance is the
intense familiarity of these people with the local environment
so clearly evident as in their use of the raw lithic material

available in the territory they occupied.
However, the writer urges a degree of caution. IVhereas it is

certain that the source areas for the chert in the study area
lie along the north shore of Lake Erie between the Grand River

and Nanticoke

,

the discussion and conclusions concerning the

exact locations of these sources must be regarded as tentative.

They are based on a small sample

from, one

site only. It is

possible that at other sites in the study area or at other
times within the Archaic Tradition, only one or two cobble

beaches were utilized. Much additional archaeological and
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geological sampling of sites within the area (preferably sites
where the stratigraphy is undisturbed) are needed. Furthermore,
extensive sampling of chert from both bedrock and cobble beach

deposits is needed to confirm the limited transport of chert

cobbles along the beach as suggested by field observations.
Unfortunately,

not enough time was available during this study

to do the extensive sampling needed to resolve these

uncertainties
A number of conclusions can now be drawn about the Archaic

people themselves as a result of this thesis and previous work
fParkins, 197^). All the sources for the raw material needed by
the people living along the Welland River were derived from, areas
on, or near,

the Grand River system.

(This includes the igneous

rocks which were used for pecked and ground-stone tools which
are not included in the present worki

)

These people were part

of a population centred on the Grand River. The resulting brief

periods of time spent on the Welland River would explain the
large number of small, briefly occupied sites here and the lack
.

of large sites where great amounts of cultural debris have

accumulated.
It is still puzzling, however, why people living on sites

such as the Feren site, near the mouth of the Welland River, did

not use the rich chert deposits present on the beaches less than
a day's journey away, at Fort Erie and Point Abino. A clue,

however, may be found on sites along Black Creek, a few miles

north of Fort Erie. Cherts on these sites frequently show signs
of extensive carbonate leaching. This implies a high calcite

content in the chert. A high calcite content is typical of cherts
-92-

'.ISvIt

found at Fort Erie and Point Abino.

The Archaic Indians on

Black Creek appear to have been utilizing the Fort Erie

Abino sources.

-

Point

It is tempting to suggest two population groups,

one centred on the Grand River and a second centred on Black

Creek and possibly the Buffalo River in Western New York State.
Indeed, Ritchie (I965) has discussed the sometimes unfriendly

coexistance of Archaic groups.

It is possible that the area

between Black Creek and the Welland River in the north and the
shoreline somewhere between Port Maitland and Point Abino in the
west, acted as a buffer zone between these two groups.

The above

is only hypothetical and needs extensive geological and

archaeological testing to prove or disprove its validity.
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CONCLUSIONS

The cherts of the Onondaga Formation can be distinguished

from the cherts of the Bois Blanc Formation based on differences
in petrology, acritarchs, spores, and Preservation Ratio ranges.
The dominant mineral in the Onondaga cherts is

cryptocrystalline quartz while that of the Bois Blanc cherts is
chalcedony.
The acritarchs of the Bois Blanc and Onondaga Formations
are similar. However, the Bois Blanc cherts contain the

distinctive forms Leiofusa bac ilium and L. minuta. Other common

acritarchs are Polyedryxium deflandrei and various species of the
genus Veryhachium.

.

The Onondaga cherts contain the distinctive

forms L. navicula, L. sp. B, and L. tonaculata. Other common

acritarchs are Folyedryxi\im evolutum and various species of the
genus Cymatiosphaera

.

The spores of the two units are also similar. However, the

cherts of the Bois Blanc Formation are dominated by

Apiculiretusispora minor

.

The Onondaga cherts are not dominated

by any one species but are characterized by an assemblage in
which A. minor, A. arenorugosa

,

Calamospora tenuis

,

and

Grandispora sp. are the most common forms.
The Preservation Ratio values for the Bois Blanc cherts are

not known to be lower than O.OI3 and are usually much higher.
The values for the Onondaga cherts are not known to exceed 0.012

and are often much lower.
It is possible to subdivide and correlate the Clarence

Member of the Onondaga Formation using the Preservation Ratio
-9^-

values. The Clarence Member can be divided into three zones.

Zone A occupies the basal 20 centimetres (7*8 inches) of the

unit with values that range fromO.OO? to 0.012. Zone B occurs

between 0.2 and

5' 8

metres (0.7 to 19.0 feet) above the base of

the unit with values that range from 0.006 to 0.000. Zone C is

found from 5* 8 metres (19«0 feet) above the base to the top of
the Clarence Member with values of 0.000 throughout. The

Edgecliff and Seneca Members contain little or no chert. The
Moorehouse Member cherts have Preservation Ratio values of 0.000
throughout
One small area of the Feren archaeological site on the

Welland River was sampled for chipping debris
contained palynomorphs

,

.

Based on the

all of the chert sampled was from the

Clarence Member of the Onondaga Formation. Preservation Ratio

values indicate that chert from all three zones in the Clarence

Member is present on the site.
The present study and previous work (Parkins, 197^) indicate

the source areas for chert were the cobble beach deposits along
the north shore of Lake Erie between the Grand River and

Nanticoke. From the present study it is tentatively concluded

that no single cobble beach was used, possibly because any given
cobble beach was quickly depleted of well formed, rectangular

blocks of chert. The location of source areas indicates that
the Archaic people who used them were centred on the Grand

River and visited the Welland River for brief periods of time,
resulting in the large niimber of small, briefly occupied sites

which

sire

found here.

The utilisation of cobble beaches as source areas has a
-95-

number of advantages. There is an abundance of raw material in
these deposits. More than one kind of raw material occurs at the
same location. All the raw materials occur in the form that

requires a minimum amount of work to convert the raw material
into useful tools. The source areas are located adjacent to

water so that bulk transport of the raw material is possible
with a minimum amount of effort.
This study has pointed out the accumulated knowledge and
intensive familiarity of these Archaic people with the natural

environment and resources available in the local territory

which they occupied. This maximal utilization of local resources
implies a strong sense of isolationism and territory, among these
people

-96-
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