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_ ABSTRACT ' -
THE LITHOFACIES AND BIOFACTIES OF
THE FORMOSA REEF LIMESTONE (Eifelian)
IN BRUCE AND HURON COUNTIES OF
SOUTHWESTERN ONTARIO
oy
Kenmneth Paul Klein
The Formosa Reef Limestone in Bruce and Huron
Counties, Ontario, is a series of small reef complexes,
composed of patch reef structures, at diffgrent strati;-
graphic levels within the Amherstburg Formation.
Two contrasting lithofacies occur: tan, biﬁumin- |

ously laminated dolomite of the Amherstburg Formatfon

and gray, fossiliferous limestone of the Formosa Rekf

Member. Biofacies subdivision was achieved at =

. . . . . AN
of microfacles associations on cross-sections of the
most extensive outcrops revealed four main ecological

stages of community development; &ifférent parts of -

particular reefs reflect different stages of development.

The four stages are: (1) a stabilization stage of
echinoderm, bryozoan, coral, and siromatoporoid debris;
(2) a developmenfai stage composed of stromatoporoids;
(3) a corél—stromatoporoid\diversification stage with

lateral zonation into fore- and back-reef environments;



and (4) a high-energy domInation stége of stromatoporoids .

as a cap.

bepositional dips are less than one degree to.the.
west for the Amherstburg Formation, indicating a re-
latively flat, low-energy environment of seéihentatibn.
‘The reef structures appear to have grown on the western
flank of a carbonate bank -peripheral to the Michigan
basin. The prevailing wind direction appears to have
been from the sodth to southwest, on the basis of pre-
ferred orientation of the structures.

- At least three stages of diagenesis occurred. The
first invol¥ed éavity lining and recrystallization of |
skeletal elements. The secdnd gavé riéé.to cavity
infilling with coalescive inclusions of dolomite within
the calcite. In the third stage, a2 bimodal distribution
of micrite and spariﬁe concentrations. was achleved, as
well as‘the formatioﬁ of microstylolites, due to pressure

so}utlon.

Yy
Va .
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CHAPTER I

INTRODUCTION -

General Statement

The Formosa Reef Limestone is the name given to a
gray, distinctiy fossiliferous limestone_exposeﬁ in road
cuttings, quarries and scattered outcrops in the vicinity
of the town of Formosa in Bruce County, Southwestern
Ontario. Thewrocks are found in scéttered exposures over
an area. of ébbut 250 kmz, occﬁpying south-central Bruce
County and north-éentral Huron County (Fig. 1). The
limestone 1s considered to be Middle Devonlan in age
(Fagerstrom, 1961a) and is referable to the Eifelian
Stage. It forms.a mappable unit, up to 9.1 m thick in
surface occurreﬁces, which has been assigned member
status (Formosa Reef Member), within the enveloping
dolomites of the;Amherstburg Formation (Freeman, 1678).
The Formosa Reef Limestone forms a series of patch reefs,
collectively termed the Formosa reef complex (Fagerstrom,

1961a, 1961b).

Previous Work

There has been considerable disagreement in the past
as to the age and stratigraphic relationships of the

Formosa Reef Limestone (Table 1).

1 | S



Detroit River
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FORMOSA REEF COMPLEX
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Figure 1: Sketch map showing the location
of the study area in Bruce and

Huron Counties, southwestern
Ontarie.
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The reefai‘identity of the carbonates exposed around
the town of Formosa, was first noted by Logan in 1863
.(Fagerstrom, 1961a). Since then the rocks have been
regarded as equivalenf to the Alpena Limestone of ‘
Michigan (Stauffer, 1915, p. 10; Winder, 1961, p.3), the
Onondaga Limestone (Pohl, 1930, p. 59), the Délaware
Limestoné (Cooper et al., 1942, in Pagerstrom, 1961a,

D. 342), the Norfolk Formation (Caley, 1943, p. 47) and
part of the Detroit River Group (Best, 1953). The cor-
relations were based on considerations of fauna alone
whereas Stauffer (1913). Goudge (1938), and Caley (1943)
”eborted seeing the contact between the Formosa Reef
Limestone and the unde:lylng dolomite. A more recent
discussion was provided by Liberty and Bolton (1956).

The most recent detailed work on the Formosa Reef
Limestone was by Fagerstrom (1961a, 1961b), who recognized
the problems connected with the time relations of the
unit and tried to solve these on the basis of both j
lithostratigraphic (1961a) and palaeontologic (1961b)
criteria. He concluded fhat'the lithostratigraphic
evidence was the'more significant. Fagerstrom's accounts
were based primarily upon fleld observations. No attempt
was made to examine either the palaeocecology of the unit
or 1ts diagenetic history.

The thesis work by Rover (1964) and Conway (1973)

dealt only with the type section of the Formosa Ree?f




Liméétone, and was concerned with the palaeontology of
the reef fauna and aspects of its palaeocecology respec-’

tively. Prior to initiation of the present study, no

- attempt had been made to integrate lithofacies and bio-
~

facies data for the unit and no systematic situdy had been

made of the rocks in thin section.

- Scope of Study

Outcrops of the Formosa Reef iimegtone were visited
by the author in November, 1976, for reconnaissance pdi-.
poées. Field work was carried out in June and October
of 1979 for a total of three weeks. Other visits had
been made in.October, 1977, and September, 1978, to
examine pariicular features of the successioﬁ.

Some 86 samples were taken from a total of 36 sample
sites representing 11 out of 15 localities where the
Formosa Reef Limestone was known to occur. Four local-
ities were not sampled because of inaccessibility. All
the sample localities are shown in Figure 2; those marked
with an asterisk were inaccessible. The study area was
mapped in detail and all stratigraphic sections were
carefully measured and photographed. The Field
Observations of the main exposures.are’ given in Appendix
I. In the field, description of samﬁle was based upon
the general identity of the dominaﬂt carbonate mineral.

Subsequently, designations were assigned to hand speci-

.mens on the basis of Dunham's (1962) classification.
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A total of 175 thin sections was cut from the samples
collectedrand.tolxhése were added 32 thin'séctions-from
the type secti@n, previously.studied by Conway (1973).

The sections were cut in two stages. Initially thin
slabs, cut both normal to and in the plane of bedding,
were examined under the binocular microscoﬁe o determine
gross relationships of fauna and lithologj. Next, the
same thin slabs were ground down to thin sections for
detailed petrologic study. In the latter stage of preﬁar—
atién, the thin sections were etched with 1.5% hydro-
chloric acid and then‘stained with Alizarin Red-S/1.5%
lhydrochioric acid solution, in accordance with thé method
deséribed by Dickson (1965) to determine dolomite and

] cal;ite concentrations.

The thin sections were studied with a view to
erecting a scheme of microfacies (Brown, 1943; CuQillier,‘
1956, 1961; Derin and Reiss, 1966), which provided
in;i t into the palaeocecology of the reef complex and
the diagenetic history of the limestone. Microfacies

data are given in Appendix I.
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CHAPTER II -
GEOLOGIC SETTING

General Stetement

Gm,

The post Ord0v1c1an stratigraphic successions for
southwestern Ontario and the Michigan Basin are shown
in Figure 3. The Detroit River Group is composed of the
Lucas and underlying Amherstburg rormatlons. The Lucas
Formation contains one additional member, the Anderton
Limestone. The Amherstburg Formation incorrporates two
additional members, the Sylvania Sandstone and the
Formosa Reef Limestone. The following descending
tabulation is recognized; Lucas Formation containing
the Anderton Member, Amherstburg Format}on contéining,
the Formosa'Reef Member and the Sylvania Member (Ehlers
and Stumm, 1951).

The Anderton Limestone end the Sylvenia Sandstone
outcrop and subcrop respectively, only in the vieinity
of the type section of the Detfoit River Group, located
at.Amheretburg, Ontario, or southeastern Michigan, or
northwestern Ohio (Fagerstrom, 1961a). The areaz of
the type section has been denoted by Best (1953), and
Liberty and Bolton (1966) as th southern facies of the
Detroit River Group. The Formosz Reef Limestone is

restricted to the Amherstburg Foration and is found
only in Bruce and Huron Counties.
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In this area, the Detroit River Group was referred to as
‘the northern facies, by Best (ég'cit.) and Liberty and

Bolton (op cit.}.

Stratigraphy

The Detroit River Group is among the more complex

stratigraphic units of southern Ontario. This is because

the group cannot be seen in its entirety at any single
locality. Subsurface data indicate a thickness of be-
tween 75.0 m and 150.0 m (Liberty and Bolton, 1966).

In the -southern facies of the Detroit River Group,
delineation of fhe Lucas and Amherstburg Formations is
not possible and thu% the group is assigned formation
status. Therefore the placing of the Andefton Limeétone

as a member of the ILucas Formation alone is stratigraphic

convenience.

The Amherstburg Formation

The Amherstburg Formation consists of gray to dark
. brown crinoidal limestone and dolomite, locally cherty,
bituminous, and biostromal (Sanford, 1969)}. The forma-
tion outcrops both in the type section and in a narrow
crescentic band, éﬁretching from Kincardine to Fort Erie,
Ontario. According to Liberty ‘and Bolton (1966) the .
lower contact of the Detroit River Group - Amherstburg
Formation is delimited so as %o assign the main mass of

cherty dolomite to thé underlying Bois Blanc Formation

kg sraAaEe
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and the brown dolomites with bituminous_partiﬂg;-to the

Detroit Riv Group. This must be done on the basis.of'
gross lithology and both the southern and northérn
facies can adhere to the rule. Hutt et al. (1973, p.
_421)‘pointgdlout thatbthe contact between the Amherstburg
Formation and the underlying Bois Blanc Formation is
difficult'té determine from well cuttings. This has led

to considerable. variation in reported thicknesses, except’

where the Sylvania Sandstone Member is present.

The Sylvania Sandstone

The Sylvania Sandstone Member subcrops only in the
.vicinity,;f the type section of the‘De$éoit_River Group.
It 1s nowhere exposed. The unit is composed of alter-
nating white to gray orthoquartizitic sandstone and
crinoidal dolomite (Sanford, 1969). The sandstone is
composed of large rounded and frosted quartz grains
(Reavely, 1961). The unit is generally less than 45 m thick
except in restricted areas of Wayne and Washtenaw Counties
‘of Michigan where it thickens up to 90.0 m (Brigham,
1971) .

>

The Formosa Reef Limestone

The Formosa Reef Member consists of biohermal patch
reef's composed primarily of stromatoporoids (Sanford,
"1969) . Liberty and Bolton (1966) state that although

stromatoporoids are supposed to constitute the main
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 framework of the bioherms reaching up tol 50.0% accérhing‘

12 -

et

to Best (1953) the ma#in structure should be more cor-

rectly termed'stromato;itic. The member subcrops and

 outcrops within the Amherstburg Formation only 'in Bruce

-to 15.0 m (Fagerstrom, 1961a).”

‘and Huron Counties of Ontario where thicknesses are up

7

The Lucas Formation- {

The Lucas Formation is composed of light tan

microcrystalline and microsucrosic dolomite containing

-anhydrite (Sanford, 1969). The unit is exposed both

in the vicinity of the type section where separation
from the Amherstburg_Format;on is not possible and as

a broad crescentic band stretching from Goderich to
Simecoe, Ontario. Evaporites wlthin the formation become
more abundant toward the Michigan basin where a total

of 300.0 m of salt and anhydrite have been reported
(Briggs, 1959, ». 16) . At numerous locati;ns evaporite
strata have been leached away to producg‘cdﬁplicated
solution-collapse structures. - -

The contact between the Detroif_River G}oup andzphe
overlying DundeelFormafion is quite readily distiné&ish—
able. The Dundee Formation consists of light to medium
brown fine-grained crystalline limestone. Th}s contrasts
easily with the <tan bitu@inously laminated dolomiteé of

the Lucas Formation.

B S
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The Anderton Limestone

Thg‘stratigfaﬁhiq rﬁlationsréf the'Aﬁdertoﬁ
Limestone Member are very poorly known because it has
not been recognized outside tﬁé type section area
(Cooper et al., 1942, in Fagerstrom, 1961la, p. 344).
Natress (1912, p. éBl)-correlated information from some
40 drill cores taxsn in Anderton and Malden townships.
Stratigraphic Egii%lation of these cores disclosed a
basin and a trough leading to it from the soutﬁ con--
taining the Anderton beds. The rock is a brown and tan
microcrystalline and sublithograchic limestone which

. is 100&11& biostromal (Sanford, 1969).

Stratigraphic Correlation

One of the greatest problems in this area was the
relationship of the Detroit River Group to the Onondaga
Formation of New York. This is due to the atiempt to -
use only palaeontological means of correlation without
lithologic considerations. As previously stated, the——— )
separation of the Amherstburg and Lucas Formatioqs in A
the southern facies is decidedly difficult. It is -2
equally gifficult in the northern facies. This is due
to the gradational relationship between the formations.

Thg acceptance of the Detroi% River strata as both group
and formation is a matter of opinion. Howevef, the
separation into both northern and southern facies is

~
gemerally accepted by all.



The southern facies of the Detroit River strata is
porrélated_with thé.anndaga Limestone of.New York and -
the ﬁorthern facies is correlated with the Detroit
Rivér Group of Michigan. According to-Beét‘(1953}, the
southefn and northérn facies interfinger in the St.
Mary's area of Ontarioc. However, he was the only cne
able. to distinguish the Lucas and Amherstburé Formations
at this type area'and this was supposedly done on the-

basis of fauna (Liberty and Bolton, 1966).

Tectonics ‘
) The tectonic features which control the environment
"of deposition of Devonian sediments in southern Ontério
are the Michigan basin in the west, the Allegheny .,
synclinorium in the east and the intervening Algonquin 
and Findlay arches (Figure 3). These features are
contiguous and readily apparenf from contours .on the
Precambrian basement. The gradient ranges Ifrom 3.0 to
16.0 m/km with a maximum regional dip of less than one
degree (Brigham:‘19?l). The Algonquin arch traverses
the axis of southwestern Ontario and plunges to a point
of juncture with the more north-south trehdigg Findlay
arch. This juncture is called the Chatham sag. The
Electric fault recognizable on the‘Precambrian surface
approximates the same trend as the Chatham sag. .The

fault runs approximately east-west in the same location

as the Chatham sag. The erosilonal edges of the Devonian
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formations are parallel to this trend or sag delineation
with ﬁrogressively older stirata outcropping on both
s?des.‘ 7 .

The rocks to the weét of the Algongquin arch dip
gently westward into the Michigan basin. The Michigan
basin received sediments throughout much of the
Palaeozoic Era. Only the southeastern part experienced
a period of non—deposition in the early Devonian. By
Middle Devonian timé, the entire basin was inundated by
sea (Dorr and Eéchman,\lQ?O). The sparse representation
of Lower Devonién sediménts indicates uplift of the
entire area following the Siluriaﬁ (Brigham, 1971). By
Middle-Devoﬁian‘time'thg western flanks of the Algonguin
and Findlay arches became steepened. This was attributed
to an eastward $hift of the centre of subsidence of

the Michigan Basin.

Solution Generated Collapse
Brigham (1971) states that the dissolutignh of the
Salina B Member has created distinct differgnces in

~2 Member

interval and structure between the Salina
and younger beds. Mechanical log records indicate that
the dissolution took place over long pefiods of time
corrcurrent with éedimentatibn, ané~Varied considerably
over short distances. This variability resulted in

modifications of the structural attitudes of beds over-

lying the Salina B Member resulting in lows corresponding

S
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the sites of local dissolution and collapse, and highs

over salt remnants. It is this collapse which provided

traps for the shallow Devonian oil fields.

Draping Qver Silurilan Reefs

-

The Silurian reefs of southwestern Ontario'are some
of the most prominent structural features. They are
frequently less than 1.5 km in length and 1.0 km in:
width, trending north-south to ndrtheast—southwesf, and
attaining relief up to 120.0 m. However, according to
Brigham (1971), the Silurizan pinnacle reefs affect the
structure of the overlying horizons at least to the
base éf the Salina C Member. Whether or not the

Silurian reefs have exerted control over Eifelian

depositional’ systems is not known.
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CHAPTER III .
LITHOFACIES DESCRIPTION

Part One: Field Observations

A register of all localities used in this study
appears in Appendix II.

The Formosa Reef Limestone

(Pls. 1;2;3, Figs. B, C and D; 4;5;6;7, Figs. A and B;
8;9;10;11)

‘The Formosa Reef ﬁember consists of a very pure
limestoﬁe with littie interbedded meterial. Goudge
(1938, p. 213-14) found the average calcium carbonate
content to be 99.1%.

Establishmeﬁt of a feference section for the member
is difficult,'primarily because of the lack of both com-
plete vertical sections and horizontal continulty. As .
a result, ﬁ composite section must be assembled on the
basis of observations from numerous localities.

The Formosa Reef Limestone is very easily distin-
guished from the enveloping Amherstburg dolomite, on the
basis of colour alone. Generally the limestone is
medium gray, weathering from dark gray to white and tan.
This contrasts sharply with the bituminous, laminated,h
tan dolﬁgite of. the Amherstburg Formation. |

The outcrops consist of resistant knolls and cliffs

which lack bedding. This masiive nature is reflected in
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the irregular fracturing and jointing found in outcrop.
* Four main lithofacies were noted. Dunham's (1962)

classification was used for lithologic nomenclature in

the field.

1. Passagé Beds (Reef Facies A)

(Pl. 9, Fig. D)

Localities: DPassage beds are found in one locality only.
This is at the type sectiorn of the Férmosa Reef Limestone
(L-8). Fagerstrom (1961?) referred to these beds as
flank deposits, possible owing to their océurrence at the
northern end of the section, below the reef acdﬁmulations.
Lithologv: The limestone is light gray, weathe%ing
"lightest gray and tan, generally uneven and highly‘
fractured into what Fagerstrom (1961a) aptly called
"chips". Corals and brachilopods are present but in a
maximum concentration of only about 15.0% of the rock
volume. Porosity is greater than in the overlying

reef deposits, but not as high as the underlying
Amherstburg dolomite. The rock is a sparsely fossili-
ferous wackestone.

Thickness and Distribution: The unit is exposed later-

ally for about 3.0 m. The thickness is difficult to
measure because of the broken appearance of the rock,
but varies from 0.2 to 0.8 m. The faclies is assumed

from the bedded character of the unit, to coniinue under

*

p

!

the reef in its entirety.

¢
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Relation to Other Facies: The overlying reef deposits'

and underlying dolomite are interbedded to form Reef
Facies A. However. the fractured nature of the unit does
" not allow visually definitive interfingering. Close
examination of the rock reveals the bimodal composition.
Combining the characteristics of bedding relations and

thickness, the term Passage Beds is used here.

2. Reef Facies B

(Pl. 4; Pl. 8, Fig. &)

Localities: This facies is present at two localities:.

The Hydro Quarry (L-2) and Formosa West (L-5). Within

the Hycro Quarry, three sites are assigned to this

facies: L-2-4, samples A and B; L-2-5, samples A and B;
and L-2-6, samples A and B. These are the three centre-

most sites. At Formosa West, two samples are characterized
as this facies: L-5A and L-5C.

Lithology: The limestone is very light gray, weafhering

almost white. There is no bedding which results in
irregular bdlocky fracture. This is a true biohefm facies

with abundant allochem fossils comprising stfomatoporoids,
tabulate asm\rugose corals, bryozoans, brachiopc&s,
gastropods an larthropods. The limestone is vuggy, but
does not weathér the same as oveflying and‘adjacent'strata.
t appears more resistant to chemical weathering.

Porosity appears to be low. The rock is a coralline

boundstone.

C



20°

Thickness and Distribution: Bottom contacts are rare and

thus the thicknesses given %elow are approximate. in
the Hydro Quarry, the unit is domal shaped and measures
5.0 m vertically and 20.0 m laterally . At Formosa
West, the unit'comﬁrises.the lower 5.0 m of the outcrop
and is considered to continue laterally both. in exposed'
and unexposed sections.

-

Relation to Other Facies: Relationlto underlying strata

would be speculative because of the absence of bottom
contacts.” In the Hydro Quarry the underlying Amherstburg
dolomite is expected about 2.0 m below this facies owing
to information from a test pié'located L40.0 ﬁ to the
north. Passage Beds - Reef Facles A may occur below
this unit butlthis cannot be proven. Units lateral to
this facles have the appearance of flank beds while
higher strata éb in fact drape the facies. Distinct
contacté do not exist. Draping of the overlying strata
is evident.from its_apparently bedded nature. Resistance
to weathériné of the draping beds"enhances this "apparent™”
contact. . |

At Formosa West, bottom contacts are not visible,
nor éré flank beds. However, there is draping of strata
similar in charécteristics‘ta those found in the Hydro
Quarry.

These flanking and draping strata belong %o

Reef Facies C.
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3. Reef Facies C

(P1. 6, Pig. D; Pl. 10, Figs. B, C and D)

Localities: This is the most common facies and is found
in 211 reef exposures.exceﬁt the Waikerton Wést‘contacf
sequénce. It forms the reef core in most areas and also
appears.to be the flanking and drapiné-beds of Facies™B.
Lithology: Therlimestone of. this facies‘is much darker
gray in colour than that of Facies B and weathers to a

" darker gray to almost black. The unit éppears bedded
because of the dominant stromatoporoid content. Secondary
faunal allochems inclgﬁe rugose corals, bryozoans and
brachiopods. Porosity appears non-existent except for
vugs and apparent stromatactoid structures. Permeability
appears vefy low. The rock is a stromatoporoid boundstone.

Thicknéss and Distribution: As stated above this facies

occurs in all reef exposures except Walkerton West. It
is thé most dominant facies. Thickness varies depending
on expoéufe. Minimum measured éections are about 0.1 m
while maximums of 10.0 to 15.0 m can be seen in exposure.

Relation 1o bther Facies: In most localities this unit

gomprises the entire facies present. It is the dominant
lithology in the type séﬁtion where it overlies and forms
a constituent of the Passage Beds - Reef Facies A. At
the Hydro Quarry thé'unit comprises the flanking énd
draping bgds that are adjacent to and overlying Facies

B respectively. At Formosa West the unit comprises the
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draping bed over Facies B. In all other localities, the

facies cannot be related to: other units because it occurs

alone.

L, Reef Facies D.

(P1. 7, Fig. B; Pl. 8, Fig. B)

Localities:‘,This facies is rare, noted only in the Hydro

Quarry (L-2), where it is found at sites L-2-11, sample
B and L-2-12, sample B, and at Walkerton West, where it
comﬁrises the entire exposed section overlying the
Amherstburg dolomite.

Lithelogy: The limestone is very light‘gray in colour,

weathering medium gray, with significant iron staining.

It has a very coarse macrocrysfalline appearance sug—
gestive of heavy recrystallization with a very sucrosic
texture. Samples almost crumble when handled. At the
Hydro Quarry the rock exhibits a fairly even fracture
similar to the "chip"” fracture noted in Facies A. At
Walkerton West the unit appears much more compact and
even bedded. A very high percentage (greater than 75.0%)
of the unit consists of fossil allochems composed pri-

marily of Thamnopora, bryozoan and stromatoporoid frag-

ments. Porosity and permeabillity appear low. The rock

is a Thamnopora boundstone.

Thickness and Distribution: At the Hydro Quarry the unit

averages about 2.0 m to 3.0 m iIn thickness and 1s later-

ally continuous for about 20.0 m of exposure. At
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Walkerton West the unit averages less than 1.0 m but
reaches as much as 2.0 m in thickness over a distance

of about 20.0 m.

Relation to Other Facies: At the Hydro Quarry Facies D

is restricted to the far western end of exposure, where
it overliés Facies C with a gradational contact. It

has a flanking relationship'to.Facies C. At Walkerton
West, the unit comprises the entire exposure overlying
Amherstburg dolomite. Here the contact is quite shafp

and definitive.

The Amherstburg Dolomite

~d

(P1. 3, Fig. A; PL. 7, Fig. C)

The Amherstburg Formation consists of a fine grained
brown to tan, very pure dolomite. Construction of a2
reference section would seem to be a difficult %ask owing
to the lack of outcrop. However, there does not appear
to be enough lithologic variation within the formation
to construct a complex reference section. The unit is
very homogeneous from one localify to another and verti-
cally within any particular site. Interbeddéd material
is very rare but the unit has bituminous laminations'
giving rise t§ parting surfaces. The unit is very porous
and permeable. There is no appafent grain size variation
and fossii_material is very-sparse with only ghosts of
material if at all. The Formosa Reef Limestone can be

easily distinguished from the Amherstburg dolomite,
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because of colour differences. The rock is an unfossili-
ferous ¢rystalline carbonate.
‘Localities: The dolomite ouiecrops or has been trenched

at four localities. j>y

——

The first is in outcrop below the Passage‘Beds -

Reef Facies A of the type section (L-8). Here the
dolomite is thickly bedded with individual beds‘exceeding
15.0 cm. - At the contact the dolomite becomes  interbedded
with the overlying Reef Facies C, becoming Passage Beds
and fractq;es into "chips".

The second ipcality is approximately 200.0 m
downétréam from the falls of the Teeswafer River (L-1)}.
Here‘the unit is very fractured going in placed to "chips".
There is no contact with the Formosa Reef Limestone. at
this locality.

The third locality is -z contact at Walkerton West
(L-6), northeast of the Type section. Here the dolomite
is thick-bedded‘and compact. Porosity appears lower than—‘
‘2t other dolomite sections. '

The last exposure of the Amherstburg dolomite is
found in the Hydro Quarry. A total of 3.0 m of dolomif;
is found in a test pit (L-3) within the quarry. Here the
unit is very thick bedded with bed thicknesses
frequentl& exceeding 30.0 em. The contact with'fhe.over—

lying Formosa Reef Limestone occurs in a covered section

between the top of the test Pit and the bottom of the



| 25

-

exposed gquarry face.

Contact Characteristics

(P1. 8, Figs. C and D; P1. 9, Fig. D)

The contact between the Amherstburg dolomite and
the Formosa Reef Limestone is exposed at two localities.

The first contact is noted at the type section (L-8)
where the dolomite moves into reef units through Passage
Beds. The Passage Beds consist of interbeﬁded sequences
of reef limestone and unfossilifefous_doigmite.;// |

The other contact occurs at WalKerton Wesfj(L—é).
Here the contact_is much more abrupt without Passage

Beds. When struck, the contact splits cleanly.

it



Part Two: Microscopic Appearance

Formosa Reef Limestone

The.framework. greater than 1.0 mm in grain size,
is composed of bloclasts, with minor amounts of.lifho-
clasts at some sites. By far the dominant framework
comnonent is fossxls usually stromatoporoids 1n a
layered sequence, separated‘g;\é ‘micrite/fossil allochem
matrix. ' \L~ . '

The'matrix limestone gxhibits no compositional
variation. Staining revealed no significant dolomite or
non-carbonate constituents. The limestone matrix ié
composed of anhedral; well packed, interlocking crystdls
of mosaic Eélcité, less than 1.0 mm in size. Vugs and
fractures are usuallf filled with sparry calcite as '
crystals up to 2.0 mm in size. The smailer\crystals
are located at the margins with larger cryétais occurring
towardslthe centre. - | |

Geopetal structures are usually filled_with both

micrite and sparite in a 1:1 ratio. Stromatactis and

micro-stylolite structures are common. )
This litholoéical description holds for Facies A,

B, and €. However Facies D exhibits differing character-

istics. Where the matrix is présent in this facies, it

consists of much coarser crystals that are genefally at

least 1.0 mm in size and often larger. This is wgat

rroduces the coarsely crystalline, sucrosic appeararice
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of hand samples. No ma?;ix is noted-where leaching has

- occurred, rather a very coarse calcite cement. The

cement is anhedral and granular to drué&, usually about
1.0 mm in size without any fibrous appeargnce.. This is

the only facles in which cement is obvious. \\\\:3

I

Dizgenetic Features

The most obvious diagenetic features relate to the
faunal content and will be discussed in greater detail
later. However, four important features are noted here.
1. The 1imestone_consists of primary precipitated calecite

as fhe matrix compenent. Secondary calcite fills wvugs

and fractures, the latter resulting from soft sediment

compaction. This secondary sparry calcite is precipitated
from fluid percolation through the rock after compaction.
Precipitation in fractures and vugs in many instances has

caused an increase in the original size of these features.

‘This was also roted by Fagerstrom (1961a) with reference

to brachiopod cavities.“Hg_noted that many of the cavi-
ties had grown from preciﬁator& expansion because the
valves of the brachiopod were spread much wider <han
normal matrix lithology would allow. It is assume@

this growth took place prior to complete lithification

of the units-

2. A_second stage of diagenesis is readily apparent
upon exaﬁination of the matrix lithology. Recrystalliza-

tion of the fine-grained micrite of the matrix has also
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taken place. Recrystalliéation to produce larger
crystals is evident in varying stages. The rock ex-
hibits a tendency towards a2 more equan@ axial crystal
size. This aggrading neomorphism (Batﬁurst, 1971) not
oniy-cohcerns the micrite Eomponent but also recrystal-
lization of the faunal component. )
3. The limestone containsfno significant dolomite.
- However, dolomite inclusions are noted in several samples.
These are the Hydro Quarry (L-2), samples 1B, 2B, 2D, LW,
3D, 4A, 5A, 6A, and Walkerton West (L-6), sample AB.

The dolomite inclusions consist of solitary euhedral
crystals, approximately 10/u in size, époradically within
large anhedral calc?te crystals, ﬁost commanly located
in ngs and fractures. This suggeéts that magnesia was
present in very minor amounts within the circulating
pore fluids priorlto lithification and has selectively
crystallized simultanecusly with the seconda;y calcite.-
This cdalescive neomorphism is not abundant either on a
regional or microfacles scale.

4. Analysis of the Formosa Reef Limestone using the
basic porosity types of Choguette and Pray (1970) re-
vealed severe diagenetic alteration Ef the original
porosity of the unit. Interparticle and intercrystal
porosify was probably not originally toc high because of
the carbonate mud matri#. Any poroéity of this type

has been destroyed by aggrading neomorphism. Intraparticle

“
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and growth framework pqrosity was probably originally

. quite high But recrystallization of the skeletal com-
ponents and iﬁtrapa:jicie precipitation has lowered the
porosity to approximately 2 - 3%. About 2% shelter
porosity has been preserved. There 1s no moldic porosity
due to skeletal inversion, and fenestral porosity-is
rare. This discussion—is consistent for Faéies A, B,

and C.

Facies D has either lacked original matrix or has
“undergone solutioh which has produced an interparticle
porosity of about 15 - 20%. The original porosity was
probably much higher but precipitation of calcite has
entirely fillgd some interparticle spaces causing the

reduction.

Amherstburs Dolomite

The Amherstburg dolomite exhibits little or no
lithological variation either laterally or vertically.
The rock is a very pure microcrystalline dolostone
composed entirely of dolomite with a crystal size of
25 - SO/ﬁL showing no greater size variability. There
is no framework compoﬁent of allochemical origin. The
rock is entirely orthochemical. The dolomite has both
euhedral and anhedral crystal forms in an approximate
1:1 ratio. The larger crystals are the most euhedral
and tend to coﬁcentraﬁe iﬁ fractures and vugs. However

they also occur within the matrix. The bituminous
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staining appears feadily in thin section as dark bands

about 1.0 to 2.0 mm in 'thickness;

Diagenetic Features

Aside from the general diagenetic nature of
dolomite, little can be seen as distincfive in this
rock. Perhaps the gnly notable feature .is the apparent
récrystallization ‘of pre-existing dolomite to produce

larger and more euhedral crystal forms.
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Part Three: Subsurface Data

Subsurface records were investigated in‘addition to
the fie;d studies. These records and samples are lo-
céted in the Subsurface Laboratory of the Petroleum
Resources Section of the Ontario Geological Survey,
London, Ontario; From this information it was found
that a fotal of eight wells have been drilled within
or very close to the study area. O0f these eight, six
encountered reef limestone within fhe Amherstburg .
Formation. However, since most drilling in southwestern
Ontario is carried out using a cable tool3) cored |
sections do not exist. Chip samples cleanly feflect the
presence of reef material but do not lend themselves to
detalled description. A complete record of wells within
the study area appears in Appendix III; =z brief summary
is given in Table2 . Stratigraphic correlation from
the only available well logs is shown in Figure 4 (ih
pocket) .

. Fagerstrom (1961a) reported a maximum subsurface
thickness of reef limestone of 51.0 ft (15.3 m)
encountered by Dominion Gas - Mackenzie #1. Close
‘examination of the material from this well revealed a
true thicknéss of 44.0 ft (13.4 m). Since theﬁ, 2 more
recent well, Fitzgerald-Kinloss j-é-lX, encountered
46.0 £t (14.0 m) of reef limestone. Realizing the low

probability of striking the crest of a reef when drilling
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)
-;t must be assumed the reefs.wefe thicker than 14.0 m.
This is far in excess than any outcrop found.

| Surface outcrops of reef material occur at eleva-

tions ranging from 2?4.0.-'320.0 m above sea level.
Subsurface data indicafe. elevations ranging from 127.0 -
287.0 m above sea level. One well, Dominion Gas -
,Armsffoﬁg #1 encountered two sections of reef limestone,
2;1 m apért} ‘Phis difference in elevation Eetween
ocutcrops and suberops agrees well with the hypothesis
of Best (1953)‘and Fagerstrdm (1961a) that the reefs do
not constitute one large reef as suggested by Stauffer
(1915, p. 138), Goudge (1935, D. 31) and Caley (1943,
D. 49), but rather a series of patch reefs of different

n\ﬁgﬁs occurring within the Amherstburg ?ormation.r‘"



" . CHAPTER IV

BIOFACIES DESCRIPTION

-

"Part One: Field Observations

-

Formosa Reef Limestone

The reef limestone has a prolific fauna. A comﬁlete
1ist of the fauna'of the Formosa Reef Limestone a?péars
in Appendix IV. Unfortunately the fauna is very sus-
ceptible %o chemical weathering. Thus field observations
oﬂ'faunal content are at best difficult. A second problem
arises in that the limestone is extensively recrystal-
lized. Thus fresh/;urfaces often yield the same masked
effect as the weathered surfaces.

Best (1953) d Fagerstrom (196ia) noted that the
reef 1imesfone waé characteristically compdsed of up To
80.0% stromatoporoids. Liberty and Belton (1 66) be-
lieved_the rock was stromatolitic rather than stromato-
poroidal. Examination of the rock has shown that Best
and Fagerstrom are correct. However, this rather general
statement does not accurately describe all outcrops of

the limestone. Difﬁgrenees were observed.

*
Y

Passage Beds - Reef Facies A

Generally these deposits contain only scarce fauna.
This facies occurs in only two outcrops, the type section

(1.-8) and Walkerton West (L-6).

34



35

At the type section, the fauna consists of very
sparsely scattered coral and echinoderm fragments that
are characteristically horizontal or out of growth
position. ' ’ 'k‘

At Walkerton West the contact betwéen the Formosa
Reéf Limestone and the underlying Amherstburg dolomite
is much more abrupt. The apﬁegranée of fauné is much
more immediate, lackihg sparsely fossiliferous Passage
Beds. At the contact, high percentages of solitary

_corals such as Cyllindrophyllum and branching corals

‘such as Thammopora are pfesent. Thé fauna however
represents a death assemblége wifh a very broken and
abraded appearance. 4

At the Falls (L-1), Passage Beds are not present.
However, in the lower 1.0 m segments of L*i—s, L-1-6

and L-1-7, fauna is as sparse as Found in the Passage

Beds of the type section.

Reef Facies B

The faunza in . this facies 1is very diverse. Reef
Facies B occurs in only two outcrops, the Hydro Quarry
(L-2) where contained at sites L-2-4, L-2-5, and L-2-6;
and Formosa West (L-3).

Coralline faunas range from the very large, solitary

rugosans Heliophyllum halli (PlL. 3, Fig. D; Pi. 5, Fig.

B) and Cvystiphvlloides (P1. 6, Fig. B and C) up to 12.0

em in diameter and 30.0 cm long, to the more massive
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Favosites colonies (Pl. 5, Fig. A; Pl. 6, Fig. 4),-radi-
ating over 60.0 cm in diameter. Also included are

Syringopora, Acinonhyl;um, Cladopora and small lenticular

strométoporoids (P1. 5, Fig. C).
Gastropods are represented in fairly large numbers

especially at Formosa West (L-5). Some genera are

'Straparolus (Pl. 3, Fig. C), Murchisonia and Pleurotomaria.

Brachiopods are equally diverse, the most common genera
being Atrypa and Spirifer.

Less prolific fauna includés Tenestellate bryozoans,
echinoderm deﬁris and a few cephalopods of the genus

Exocyritoceras.

Reef Facies C

This is the most common litﬁofacies rresent. With
resﬁect to fauna the main difference between Facies C
and Facies B is the occurrence and relative abundance
of stromatoporoids. In this facies they dominate as the
major structural framework component of the reef .
limestone. o _

When'thig framework component is both readily
apparént and mappable, it consists of thin 1.5 - 3.0 cm
stromatoporoids which have been'severely broken, pri-
marily as‘a result of soft-sediment compaction. The
vertical breaks create spaces between fragments seldom
greater than 1.0 cm and tilting or bending is generally
less than 30.0° out of the 1ife position. The
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stromatoporoids locally constitute up to 80. O% of the

reef and the most common genera are Anostylostroma,

Stlctostroma and Stromatopora.

Although the stromatoporoids occupy such a distinct-
ive percentage of the fauna in this facies, they aré not
the only element present. At the Falls (L-1), Salenm |
South (L-4), Greenock East‘(L-?), Formosa Town (L-9)
and Teeswater West (L-13)? the limestone.;onsists of the
high percentage of stromatoporoids (Pl. 7, Fig. A; P1.

9, Fig. F} with interbedded, coralline elements, such

as Cyllindrophyvllum, Acinophvllum, Cladobora, Helioohyllum,

sttiphvlloid?s with Emmonsia, Syrinsopora and the oc-
casional large Favosites colonies (P1: 1, Fig. b),‘up
to 60.0 cm in diameter. . Whether the rugose corals are
in growth position is debatable. However the large

Ttabulate corals definitely are in life position.

Others faunas include the g@sf?ODOdS Pleurotomaria,

Murchisonia and Straparoclus; the nautiloid nxocv*toceras,

the brachiopod Spirifer: as well as abundant echinoderm
and bryozoan debris.

At the Hydr§ Quarry (L-2) and Formosa West (L-3),
Facies C exhibits the samé faunal composition just stated,
however the facies tends to overlie or drape Facies B.
This indicates that there was often more than one
ecologically different stage of growth. ‘

The type section (L-8) exhibits a much different

picture than the other outcrops in the area. At =his
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outerop a definitivé stromatoporoid structure has gqun
in such a manner to produce a bioherm. This is the

. most studied outcrop. Roper (1964) and Conway-(1973)
both noted the outecrop represented three.main stages of
construction. All three‘are reléted to the development
of stromatoporoids. The bicherm is composed of about
80;0% stromatopofoids with the same interbedded fauna as
previously noted. Roper (1964) noted the structure of
the stromatoporo%fi,changed in a southerledirection.

He noted a thickening of the laminae and pillars, and

an increase in the number of laminae and pillafs in this
directioﬁ. -This would support the idea of:a sbutherly 66
prevailiné wind, hence this part of the reef receiving
greater wave action. . Toward the.southern énd of the
outcrop the faunal composition and structure changes
becoming less bedded and more massive. There is a severe
reduction ;ﬁ stromatoporoids and an increase in tabulate
corals. Favosites colonies are very large, up to 2.0 m

across, with Acinophyllum colonies (Pl. 9, Fig.-C) up to

1.0 m across. The numbers of Cyllindrophyllum,

Heliophyllum and Cystiﬁhylloides increase substantially.

Brachiopod and bryozoan faunas abound along with second-
_ary cephalopod, bivalve and gastropod faunas. Roper's
hypothesis of a reef front in the south end of the outcrop

appears to be correct.

A
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Reef Facies D

This facies occurs in bnly'two localities: the

Hydro Quarry (L-2); and Walkerton West’(L—é)n
At the Hydro Quarry the faciég exhibits significant

faunal content. However severe récrystalliza{ion'of
the rock tends-to obscure'any observation other than
orobably stromatoporoid-coral debris. ~

At Walkerton West the severely weathered surfaées
provide more informafion. - The weathering removed the

matrix so that the rock appears to be approximately

75.0% Thamnopora and Fenestella debris. Calcite spar

appears to ‘be the cementing agent.

Amherstbures Dolomite -

As noted by Stauffer (1915), Best (1953), Fagerstrom
(1961a) and Liberty and Bolton (1956), the Amherstburg
dolomite is poorly fossiliferous. Examination was made
of the underlying dolomite at the type section (L-8),
Walkerton West (L-6), downsiream from the Falls (L-1),
and of the 3.0 m exposed in the Test Pit (L-3). No

fauna was present in the rock at these sites.



Part Two: Miéroscopic Appearance

Formosa Reef Limestone

Stromatoporoids are the major faunal component in
40 1% of the samples. Solltary corals are dominant in
16. 07 of the samples, tabulate corals in 16.0%, bryozoans
in 16.0%, echinoderm debris in 5.4%, brachiopods in 3.1%
and gagtropods in the remaining 3.1%..In Table 3 the
faunal densitieé found in thin section are shown in-
dividually by sample. Table 4 summarizes these densities.
The terms "abundant" and "present" are used to describe
the density of individual faunal elements. When only
one faunal element was abundant, it constituted over
' 55.0% of the totai-faunal present. When two- or three
faunal elements éhare the abundant notation, theﬂ they
together accounted for over 65.0% and 75.0% respectively,
‘of the total fauna present. In all cases the remaining
fauna was noted as present. Faunal identifiéation was

aided by the use of the atlas published by Horowitz and
Potter (1971).

Major Faunal Components

\ -
Stromatoporoids

Stromatoporoids are abundant in 40.1% of the sample
thin sections. They are present in 5?.8%. They vary in
importance from a debris c&pponent of 5.0% up to a

framework component compriéing 65.0% of the rock. They have

N
N

!

i
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TABLE 3

FAUNAL DENSITY FROM THIN SECTION

Present

A = Abundant P
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# No fauna was found.
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a thinly (up t6 L.,0 cm) 1éminatéd férm, brdkén;ang at
times are abraded, dissolved and corroded, often wi%h
bounding microstylelite structures. This broken form
has created fractures up to‘llo cm in width which are
infilled with secondary sparite. The pillars and laminae
have often been replaced with fibrous and trabecular (in
the meaning of Scholie, 1978) calcite. The spaces be-
tween pillars and laminae are filled with microspar -often
obliterating any‘dissippiment structure. .The most

common genera appear to be Anosivlostroma and

Stictostroma. This agrees with the Tindings of Roper

(1964) and Conway (1973).

Rugose Corals

;Rugose corals, both sclitary and colonial types,
~are the abundant faunal element in 16.0% of the samples,
although they are found in 51.5% of the samples. They
are found most frequently as debris but often in growth
position. Abundances in thin section are inaccurate
owing to the sizé of corallites; they rarely constitute
the whole field.

The individual corallites are usuzally abraded and
broken indicating transport iqla high energy environment.
They often provide fhe hard surface’necessary for stroma-
toporoid growth and are found interbedded with them.

They are characteristically recrystallized. The skeletal

component is usually completely replaced with fibrous
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- and trabecular calcite. The interstices are filled
with mosaic sparite in varying crystal sizes with the
larger sizes to the centre. Internal morphology is
usually obiiterated except for septa. Some tabulae

are present in longitudinal section.

Genera include Heliophyllum, Cystiphylloides,

Cyvlindrophvllum and Acinophvllum.

Tabulate Corals

Tabulate corals are the abundant faunal element in
16.0% of the thin section samples. THey are present in
56.8% of the sections. This ranks very close to )
stromatoporoid abundance .° Their characteristics do -
not differ from those of the rugose corals. They are
typically abraded and corroded with skeletal replacement
by fibrous apd trabecular calcite. The intersticies are
Infilled with mosaic sparite. Life assemblages are much

4
more common. They are occasionally bored and the resulting

,

cavity is filled with sparry calcite.

Genera include Favosites, Emmonsia, Cladopora,

Thamnopora and Syringopora.
S

Bryozoans

Bryozoans are the abundant faunal element in 16.0%
of the sample thin sections. However they are present
in 75.7% of the sections. Although bryozoans occur with
stromatoporoids, they are generally only abundant in

sections lacking them. Here their percentages are

LY



" usually great.

In thin section the skeletal component is undoubted-
1y recrystalli;ed but does not reflect the same replace- .
ment characteristics as the Coelenterata. The walls
exhibit a much finer fiﬁrous nature.- Their preservation
is much better without the trabecular recrystallization
noted with the coelenterates. Individual zooecia,
however, are usually fiiled with sparite. Wall struetures
‘thicken.tpwards the exterior of the zooecia. '

Both trepostomate and cryptostromate fﬁfms were
observed, the latter being least common:

The bryozoans characteristically reflect a death
assemblage because they usually occur as debris. The
frégments are often heavily abraded, broken’and_at times

forming the substratum for stromatoporoid growth.
. k .

Echincderms

Echincderms oécur as the most abundant faunal
constituent in 5.4% of the sample thin séctions. They
are present in 50.5% of all sectionsrs All echinoderm
constituents take the form of debris and only single
ossicles and multiple sections were found.

Echinodergs exhibit characteristic recrystalliza#ion.

- c¢rystal replacement. Microstruecture

varies from a granular form to beinglcompleteiy absent,
with single crystal extinction in crossed nichols.

Syntaxial replacement and cement rims are common. The
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ossicle .rims are usually'embayed and slightly_abraded and
central canals axre often vimible. However, Some obliter-

ation of the central canals due to replacement 1s common.

s

§£achiopods

Brachiopeds are the most abundant fauna in 3.1% of
the sample thin sections. However they are present 1in '
81.0% of the sections. They are the mesT abundant
secondary faunal component. |

A11 brachiopods observed were debris. [The valves
were often brokén and severely abraded. Forms in life
position were not noted. ObV1ous features are the oc-
casional crenulated shape and parallel- lamlnated valve
structure, with wavy extinction. Replacement has un-
doubtedly occurred but without obliteration of the
original shell structure. Frequently selectlve dissolu-~
+ion of the valves has formed cavities lined with radial
and fibrous calcite with larger s§ar occurring towards -
the centre of the cavity. Tdentification of specdfic
genera 1S not possible owing to the broken conditiun of

the brachiopod valves.

Gastropods

Gastropods are the most abundant faunal element in
" 3.1% of the sample thin sections. They are preseht in
13.5% of all +he sections. They &% are found mainly 25
rragments and when present usually occur in high per-'
centages. Normally a1l traces of the original wall

4
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structure are gone, from the inversion to secoﬁdary
calcite. The walls are notably smooth without fibrous
or trabecular crystallization. The internal cavities

are filled- with mosaic sparite and/or micrite.

Genera incliude Murchisbnia; Straparclus and

Pleurotomaria.

Minér Faunal Components
Bivalves: |

Bivalve fragments are present in iS.?% of the sec-
tions and occur as debris. The shells are always partial
or bréken and are discefnible from brachiopod fragments
by their extinction baﬁds, perpendicﬁlar to the outer

shell wall, sweeping the length of the shell fragment.

Arthropods:

f'Ostracods are noted in 2.1% of the sections, however

confusion with small bivalves is gulte easy. Trilobite
(probably Proetus) fragmenfs occurlin 5.2% of the
sections. Pleural segments of thorax or pygidium are
the most common. Fragments of the cephalon are not
common. Most segments are probably moultings and_thus
fragmented. -

Bbth ostracod and trilobite fragments exhipit a

homogeneous, prismatic shell siructure.
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Calcispheres:

Calcispheres are present in 36.8% of the sample .
thin sections. These structures are a very common |
element, occurring in highest percentages where
stromatoporoid content is also high. They take the form
of small AISOQ/a; walled spheresiwith a radially fibrous
but mere ccmmonly eoarse sparite composition. They are

usually homogeneous in distribution throughoﬁt 2 slide.

Pelle‘ts,:

Pellets probably fecal in crigin occur iﬁ 13.5% of
the sample thin sections. They‘vary in size and are
frequently abraded and embéyed. The composition is
recrystallized micrite. Often indistinguishable from -
the micrite ﬁatrix in plane pola?iged light, they are-
easily seen in using crossed nichols.

Amherstburg Dolomite ™~
~—

Thin-section analysis of the Amherstburg dolomite

-

revealed the absence of fauna.

-
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Part Three: Microfacies Study

There have been many definitiéns of the term

"microfacies”. The term ﬁas fbrmally Proposed by

Brown (1943) for the general‘microscopic picfgre of N
2 thin section. Cuvillier (1945, 1952, 1961) modified
this term to denote the association of mineraiogical

and palaeontological featurles of ahy hard or artificially
hardened rock.as seen in thin section under the microscope.
The rock may be characteristic of éertain stratigraphic
levels.and thus may be correlative value. Other defini-
tions have been given by-Flugel (1953), Misik (1966) ,
‘Fairbridge (1954), and Derin and.Reiss (1966).

It seems therefore, that microfacies is best defined

as the "general, characteristic aspect of a sedimentarv

‘rock in thin séction‘reflecting the sum total of palaeon-

tologic and petrographical characters” (Derin and Reiss,
op ¢it). The record of 2 microfacies is a photomicrograph,
and some facies may be easily typified while others re-
quire elaborate quantitafive analysis for typification

and distinction (Carozzi, 1960; Flugei, 1963; Misik, 1966).

In this mierofacies study, emphasis is placed on the
palaeontology owing to the otherwise uniform nature of.//”’f/
the lithology. MiE}ofacies 1 is the Amherstbﬁrg dolomite.

The other microfacies are allzggferable to the Formosa

Reef Limestone. The basis for typification of the -

individual microfacies is-based upon faunal percentages
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and microstructure variation. The thin sections were-

first grouped into five categoriés,'based on the pércen-

' tage pf'fauna within the section. They were then regrouped

according to microstructural, interfaunal and fauna-matrix
variation. Folk's (1974) carbonate classification was

used to name the rocks. -

The Microfacies

Microfacies One
= -
Pl. 12, Figs. A and B ‘ ‘ .

Formation: Amherstburg Formation

Samples: L-1-8; L-1-3 to 10; L-6B8B, L-6Z; L-8A

Descriptioni The rock is a very fire grained micro—-
crystalline but somewhat sucrosic porous deolomite. I;
is very soft, easily fractured and has discontinuous
bituminous laminae, which are closely spaced in places.
The composition' is 50.0% angular, anhedral, mosaic dolo-
mite and 50.0% euhedral, rﬁomboid, mosaic dolomite. No
fauna 1s apparent. .Larger dolomite rhombs have gég;ﬁ

in vugs and fractures...Some'crystals éghibit incomplefe

growth with one or more rhomboid boundaries and the

remaining boundaiées ragged.

Classification: The rock is an unfossiliferous

dolomicrite.
-

b
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L ' Microfacies Two

"Pl. 12, Figé. C and D

. Formation;' Amhersiburg Formation - Eormosa Reef” Member
Samples: -L-l-'?.;l;_L-Z—l?.A ‘. . )
| gm: One (Average 0 — 5% fauna) t S 7\

Description: The faunal coﬁponent averages 4.0% and

cénsis%s of brachioped, bryozoan, bivalve aﬁd echinoderm
debris. A few small calcispheres up to 500 4 are also
pfésént. The maximumn debrié size is 1.0 mm witﬁ sparite
and micrite comprising the remaiﬁing 96.0% of the rock.
Sparite crystals in fractures and vugs range.ﬁp to 1.0
.mm ir size while the micrite groundmés§Vis.less than 1.0
mm in grain size. The faunal coﬁponents'exhiﬁit their

characteristic replacement patterns, such as single

" crystal replacement of echinoderms.

Classification: 'The rock is a very sparse biomicrite.

Microfacies Three

Pl. 13, Figs. A'and B (::/

. Formationt Amherstburg Formation - Formosa Reef Member

Samples: L-2-3E; L-8-108, D; L-15A
Groun: Tw& (Average 5 - 15 % fauna)

Description: The faunal component averages 13.0% and

consists of brachiopod and echiﬁoderm debris with a2 few
célcispherea.. In thick section the appearance is compact,
but thin section reveals a microcrystalline groundmass

with sparite in vugs and fractures. There is radial
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recrystallization of micrite around the edges of
brachiopod fragments, with single crystal replacement

of ecHinoderm ossicles.

Classification: The rock is a2 sparse biomicrite.

Microfacies Four

Pl. 13, Figs. C.and D

Formation: Amherstburg Formation --Farmosa Reef Member

Samples: L-2-2B8; L-2W; L-2-7B; L-2-11A
Group: Two (Average S5 - 15% fauna)

Description: The faunal component averages 15.0% ands

consists of bryozoan, brachiopod and echinoderm debris
with a few calcispheres. The debris is well sorted and
homogeneoﬁs. Reworking of debris 1is evident, with single
crystal replaceéent of echinodérm ossicles. The ground-
mass consists of micrite and sparite. Up to 30.0% of thé
83.0% matrix is greater fhat 1.0 mm, with sparite crystals
larger than in Microfacies.B._ Sparite growth is greatest
in vugs and fractures. Micrite recrystallization to

sparite is evident.

Classification: The rock 1s a sparse biomicrite.

Microfaciles Five

P1. 14, Figs. A and 3

Formation: Amherstburg Formation - Formosa Reef Member

Samples: L-1-5; L-1-6A; L-1-11A; L-2-LW; L-6AB; L-15C
Group: Three-(Average 15 - 35% fauna)“
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Description: The faunal component is beginning to become
more important with averages of 32.0% and consisting of

stromatoporoids, corals such as Acinophyllum, brachiopods,

bryozoans, echinoderms, calcispheres and pellets. The

faunal debris is unsorted, ungraded and generally un-

oriented, although there aﬁpears a tendency for components

with directional inequalities to be parallel to bedding.

The debris is abraded, recrystallized and small, most

5.0 mm or less. The st;omatoporoids are the oﬁly element
f’;n growth position. The mairix of 68.0% comprises |
microgranular, angular, mosaic-micriﬁé with sparite in

vugs and fractures.

Classification: The rock is an intermediate biomicrite.

Microfacies Six

PlL. 14, Figs. C and D
Forﬁation:'.Amherstburg Formation - Formosa Reef Member.
Samples: L-1-14; L-1-23; L-2-2C; L-2-4B; L-2-38;
L-2-10A;_L;8~ioc; L-9C; L-15B,D
Group: Three (Aﬁerége 15 - 35% fauna)

Description:. The faunal component averages 27.0% and . TN

consists of stromatopofoids, rugose coral fragments, and
a debris of ostracods, bryozoans, gastropods, braph;obods,
bivalves, echinoderms, pellets-and calcispheres. The
larger elements, stromatopofoids and corals, are abraded
with microstylolites present. The debris ranges *rom

intact to severely abraded with no sorting. In some
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samples a distinctive coarsening upwafds to the base of
‘the strométoporoids is evident. The matrix averaging
73.0% is composed of fine o coarse micrite, the cgafser
infilling fossil voids. Spafite growth in lérgér fractures
and volids is evident and often the larger crystals have
mi5}ocrystalline inclusions of doloﬁite, 10}& in size,
coalescive in nature.

Classification: The rock is an intermediate biomicrite.

Microfdcies Seven

Pl. 15, Figs. & and B i
Formation: Amhepst@urg Formation - Formosa Reef Member
Samples: .L-Z-ZD; L-2-7A; L-2-9A; L-5D; L-8A5; L-8-A14;
L-8-815; L-8-104

Group: Three (Average 15 - 35% fauna)

" Description: The faunal component averages 27.0% and

- consists of stromatoporoids, brachiopods, corals,
| echinoderms, bryozoans, gastropods, bivalves and calci-
sﬁﬁéres. The stromatoporoids are the only elemgnt.iﬁ
life posifion, but they are fracitured and separated.
Most of the debris is small, 5;0 mm to 1.0 cm in size,-
wéll sorted and generally homogeneogs. In some sections
the debris coarsens upwards to 2 point below the stroma-
toporoids, but this feature is not consistent. There
appears o be a2 preferential horizontal, But turbulent

alignment of debris, producing in some cases 2 banded

appearance. Sparite infills the vugs and fractures and
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some micrite recrystallization is noted. The matrix

consists of micrite and sparite, averaging ?3}0%. .

Classification: The rock is an intermediate biomicrite.

Microfacies Eight

Pl. 15, Figs. C and D

Formation: Amherstburg Formation - Formosa Reef Member

Samples: L-2-4A; L-2-5A; L-2-6A
Group: Four (Average 35 - 70% fauna)

Description: The fauna has become abundant enough to be

considered /framework in nature, averaging 62.0% of the
microfacies. This componént consists of stromgtoporoids,
coréls,.echinoderms, pellets, bryozocans and brachiopods.
The size range varies for the debris\up to 5.0 mm with
averages of 1.0 - 2.0 mm. The strsma%oporoids and corals
are very large. The debris is well sorted and homogeneous,
ékﬁibiting trabecular and single crystal replacement.
Sparite occupies vugs and fractures, ranging up to 5.0 mm
in size and containing small, 10w euhedral inclusions of
coalesive dolomite. The mairix consists of interlocking,

angular, mosaic micrite less than 1.0 mm in size. Micrite

recrystallization to sparite is apparent.

Classification: The rock is a debris-packed biomicrite/

biolithite.
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Microfaciés-Nine -

ow

Pl. 16, FPig. A
Formation: Amherstburg Formation - Formosa Reef Member
Samples: L-2-1B; L-2-5C

Group: . Four (Aéerage 35 -~ 70% fauna)

Description: The faunal component averages 68.0% and
consists of massive corals such as Favosites, echinoderm,

brachiopod, bryozoan and bivalve debris, with some calci-

-

spheres and pellets. The large Favosites make up to 350.0%

of the microfacies. The debris is sorted and homogeneous
without grading, but with a préferred horizontal/;es%ing.
Sparite infills fossil intersficies as,ﬁgii&EE';ugs and
fractures. There ié evidence of tr%?écular recrystalliza-
tion of skeletal elements and syﬁtaxial replacement rims
_on echinoderm ossicles. The matrix is composed of

angular, interlocking, mosaic micrite.

Classification: The rock is a debris packed biomicrite/

blolithite.

Microfacies Ten

Pl. 16, Figs. B and C

Formation: Amherstburg Formation - Formosa Reef Member

Samples: L-1-1C; L-1-21B; L-1-224, B; L-1-4; L-1-12;
L-2-3D; L-5&; L-5C; L-13B '

Group: Four ( Averzge 35 - 70% fauna)

Description: The Faunal component averages 44.5% and is

composed of corals such as Acinophyllum, stromatoporoids
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brachioped, ostraced, echinoderm, bryozoan, gastropod,. and
trilobite debris with caléispheres and pellets. The

Stromatoporoids are broken and abraded on top, and with

Acindphyllum comnrisé the only components in growth

position. Stromatactls is evident. Geopetals are present,

Tilled with 50. O% mlcrlte and 50.0% sparlte The debris
is unsorted, homogeneous and_recrystallizeq. Intraclasts
- are few but apparent. Sparite growth has occurred in
fossil 1nterst1c1es vugs and fractures The matrix is
composed of angular, 1nuerlock1ng, mosaic micrite with
some recrystallization to sparite.

Classification: The rock is a debris packed biomicrite/:

biolithite.

Microfacies Eleven

Pl1. 16, Fig. D; Pl. 17, Figs. A and 3
Formation: Amhersiburg Formation - Formosa Reef Member
Samples: L-1-1B; L-1-2; L-1-214; L-1-34, B; L-1-6B;
L-1-11B; L-2-1A; L-221C; L-2-2A; L-2-4C; L-2-6B; L-2-9B;
L-2-10B; L-2-11B; L-5B; L-74, B; L-8B; L-8a1, a2, AB; A6,
Ak, A10, A12, B2, B1, B4, B8, Cl, C2, C3; L-9KA; L-134
Group: Four (Average 35 - 70% fauna)

Description: The faunal component averages 48.5% and

consists of sfromatoporoids, brachidpod, bryozoan, coral,
gastropod and pélletoid debris with calcispheres. - The
stromatoporoids are abraded and disrupted into small 1-0 -

1.5 cm pieces within the micrite matris. Corallites are
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- 4

infilled with micrite and/or sparite with the skeletal.
. \ .

component consisting of trabecular calcite. Stylolites

are common, but Stromatactis is nof well dévgloped.
Intraclasts are few but present, and are é%hpgged of
reefal material. The debris ranges up 1o 5.0 mm in size
and.is very reworked.Thick walled calcispheres are not
common, buf ﬁresent. Radial.micrdspgr growth at shell
fragment boundaries and syntaxizl replacement rims are

apparent. Sparite growth occurs in vugs and fractures

and often within the interlocking, angular micrite matrix.

Classification: The rock is a stromafoporoid-coral,

debris packed biomicrite/biolithite.

Migcrofacies Twelve

Pl1. 17, Figs. C and'D

Formation: Amherstburg Formation - Formosa Reef Member

Samples: L-1-7B; L-2-12B; L-4; L-<6AA; L-8B7; L-9K3B

Group: Five (Average 70 - 100% fauna)

Description: The fauna comprises 81.0% of the rock and is

thus referable as a biolithite (Folk, 1974). Stromato-
poroids vary from well shaped and unabraded to debris.
The fauna consists also of bryozoan, coral, echinoderm,
and arthropod debris with calcispheres. This microfacies
is subdivided into two groups. Microfacies 124 consists
of well formed stromatoporoids with unsorted and ungraded

debris. The matrix averages 19.0%.and consists of angular,

interlocking micrite. Microfacies 12B consists almost

A
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entirely of Thamnopofa, stromatoporoid énd bryozoan debris,
well sorted.in the 5.0 - 10.0 mm size. Filbrous to,dr;;y_ 
qalcite is ?he cementing agent. The porosity is 15.0 -

20 .0%. | '

Classification: The rock is a stromatoporoid-Thamnopora

biolithite.

Microfacies - Field Observation Comparison

According to Derin and Reiss (1965), the usefulness
and degree of précision of correlation by miErqfacies is
Primarily depeqdent upon the disiribution of identical
or closgly related environments of deposition, and upon
the stratigraphic age of the orgahisms, the rémains of
‘which aid in the typification of the microfacies. The
use of the microfacies concept with the Formosa Reef
Limestone is therefore acceptable becuase of the simillar
environments of the individual patch reefs. According
40 Derin and Reiss (1966), "caution must always be _
exercized, and microfacies, an empirical‘tool for cor-
relation, must be conitinually checked against bilostrati-
graphic data and their chronostratigraphic interpretation”
(Cuvillier, 1952, 1961; Flugel, 1963; Maync, 1966; Misik,
1966) . | | B

Examination of  the biofacies and lithofacies will
be made'heré. Table 5 shows the frequency relétionships
of the sites to the microfacies assigned. Tableb

exhibits the relationships of percentages of samples to
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the fieid‘classification of the facies observed.
The Amherstburg dolomite accounted for 13.5% of the

samples. All are grouped into Microfacies 1 based on the

lithology alone. ‘ ' - )

The Formosa Reef Limestone is separated into the
remaining 11 microfacies. Perfect éorrelation wWas neither
expecteq nor achleved. However there are some noteworthy
points; | |

Passage Beds - Facles &

In the field these deposits are sparsely fggsilifer-'
ous. The main correlative microfacies are 2 and 5, which
together account for 8.9% of the samples, ranking 11 -and
6 respectively. In the field only 3.3% of the sites fell
into this category. Microfacies énalysis exhibits a more
accurate figure. |

‘Reef Deposits - Facies B

This facles is described as @avinglclassic bicherm
characters, without thé characteristic stromatoﬁbroid
element common to the period. The main correlative
microfacies are 8 and 10, which together account for 14.5%
of the samples, ranking 9'and 2 respectively. In the
fieid, only 6.7% of thé sitesjfell inte this category.
Again tﬁe microfacies analysis exhibits'a more accurate
figure.

Reef Deposits - Facies C

‘This is by far the most common facies noted in the

field. The main correlative microfacies also hold this
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distinction. Microfacies 3,4,6,7,9 and 11 fall iﬁto this .
category and together éccbunt for 69.9%.$f the sites.

They rank_S,?.ﬁ;h,lo and 1 respectively. Micrafacies 11
accounts for the greatest percehtaée:with 38.9% of the
samples. The total microfacies percentage approximates

‘the field observations of 83.3% of the samples. ~

Reef Deposits - Facies D

Thjs facies was very distinctive in its faunal %;
comgpsit;oﬁ, in the field. Correlative microfacies is ’
12, which accounts for 6.7% of the samples and ranks
fifth. Field observations placed only 3.3% of the samples.
in this category. This is the more accurate figure as
half of the microfacies sites did not really belong due
to their faunal and lithologic make' up, but were grouped

according to the percentage fauna only.

Field facies D with related Microfacies 12 and
Field Facies A with related Microfacies 2 and 5 were the
least common faclies noted. TField Facies B 'with related
Microfacies 8 and 10 were the next common facies with
Field Facies C and remaining microfacies the most commom.
Field Facies C'tehded to overlle both the other faéies

a .
in 21l localities.
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.CHAPTER V "

RESULTS

1

- ’ .
Part One: Stratigraphic Relations.

Lithofacies Control

Fagerstrom (196ia) noted “that the lithostratigraphic
evidence is more conclusive than t@e biostratigraphic
evidence for determining the age of the reefs since the

fauna contained.too'many long-ranging species. The

‘lithofacies control is much -less difficult than the

biofacies control, of both the individupl d Facies
or -the Microfacies that make up the r The reef

- W
facies is very easily distinguished from enveloping

Amherstburg dolomite by colour alone.

Figure 5 shows the contours on the top of the
Bois Blanc Formation based on limited subsurfaqe data.
From the contours it appears.that wiﬁhiﬁ the study lare

the Amherstburg Formation was deposited with an almost

" north-south strike with dips of one degree or Yess

towards the Michigan Basin to the west (Table ZY. This
places the study area on the west flank of the carbonate

bank noted by Dorr and Eschman (1970), .which runs almost

.north-south in the area. Structural contours of'the -

eroded surface of the Detroit River Group are shown in
Figure 6 (in pocket). Usefulness of the information is

debatable owing to the glacial removal of material. There

-
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does not appear to be any relationship of elevation to
the occur?ence of reef_matef?g;.

Reef‘outcrops range from 301 m to 311 m in elevation

‘above séq level and range in thickness from a few metres

- to 10.0 m, but no'tzp contacts between fhe reefs and the

Amherstburg dolomite were observed. Thicknesses are

appareﬁt only. .Subsurface reefs occur from 127 m to 287 m

in elevation above sea ievel and vary from 3 m to 14 m

in thickness. Howevér, these thicknesses cannot be

termed maximum owing to the chance of striking the crest

of any given reef when déilfing. ‘ |
Frém these observations, 1t is obvioﬁs that the

reefs, occurring at different stratigqaphic and topo-

graphic- levels do not constitute a single bioherm-but

rather a2 series of smallér bioherms or patch:reefs.

Biofacies Control

The aspects of biofacies control are much more

complex than those of 2 lithofacies nature. ZLithofacies

cbntrol is achieved visually while biofacies control//,F\J’\

depends entirely on the fauna present and the subsequent
microfaclies category the samples belong to.
.Field observations permitted the placement of

the Formosa Reef Limestone within r main categories,

Passage Beds and three Reef Facie .Microscopic analysis

revealed twelve microfacies types vgriable in their

percentage of faunzl content and e relationship of

L
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fauna to texture. In the field the easiest control
achieved is the distinction of"fﬁé\iormosa Reef Limestone
from the Amherstburg dolomite. Witﬁin the Formosa Reef

- Limestone, the separation into.the four faéies is
possibie but not exact. Biofacies control can only be
achieved using the microfacies analysis of the saméles

of the Field Facies designations.

Locality One - Teeswater Falls

(Pl 1, Figs. 4, B and C; Pl. 2, Figs. &, B, C and D;
Pl. 3, Fig. 'B) ,
" At locality one (Fig. 7), seven microfacies types
were found, six reef facles of the Formosa Reef Limestone
and the orne dolomite facies of the Amherstburg Formation.
The relationships between these facies are shown in

Figure 8(in pocket). The correlated sites are IL-1-1 to

L-1-8. No attempt was made to correlate L-1-11 or L-1-12

N due to their separation from the main mass of outecrops.

The "dolomite outecrop L-1-8 is considered to underlie
the remaining correlated outcrops of the -area and 1s
exposed because of river excavation. t occurs both
stratigraphically and topographically lower than the

first seven sites.

0 the remaining seven sites the lowermost section,
microfacies 2 and 5 at sites L-1-7A, L-1-64 and L-1-5
appear to be the basal sections of the reef as faunal

bercentages are not high. This zone most likely
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underlies the entire bioﬁerm mass but is exposed only at
thgidownstream end. The next zone ié that Af Microfacies
10, 11, and 12, which overlies the basal zone of
microfacies 2 and 5. This zone has 2 much higher
diversity and pércentage of fauna dominated by stroma-
toporoids and represents a true reef grow%h stage. Tﬁe
most southern site L-1-7B belongs to Microfacies 12 and
represents a possible point of highest energy. .Here

" over 70.0% of the rock is composed of fauna and thus was
Trobably most resistant to any‘wave action. -

A third zone is noted at L1-1-23, in microfacies 6.
This appears to be a zone of much less actide ponditions
‘as the faunal content has subsided somewhat.

Thus at this locélity threée main stages of dejggg;:
ment occur. A basal or stabilization stage (Walker and
Alvberstadt, 1975) followed by a developmental stage of
high diversity and finally a return to a stage of low
growth and diversity.

Downétream from these sites are L-1-11 and L-1-12,
The first, L-1-11 exhibits two of the same.stages as ’
noted at the falls. L-1-11A belongs to Microfacies 5, a
stabilization stage. L-1-11B belongs to Microfacies 11
and L-1-12 beiongs to Microfacies 10, botﬁ a development
stage. Thus they aré stratigraphically correlative with
the falls outcrops, but occur tobographically below these
outerops. L-13A and L-13B belong to Microfacies 11 and

10 respectively and can be correlated to L-1-11B and

-
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L-1-12B, owing to. their close proximity. However, since

they are separated from the falls outcrops by L-1-8, the
dolomite of the.Amherstburg Formation, they probably-

constitute a second pateh reef.

Locality Two - Ontario Hydro Quarry

(P1. 4; P1. 6, Figs. A and D; P1. 7, Fig. C)

The Ontario Hydro Quarry (Fig.9 ) shows the best

Stratigraphic relationships primarily due to the
argest amount of'ﬁvailable séction at one locality.
But here, distinctively different facies relationships

are noted (Figure 10 in pocket). _

At this locality there is no contact with the
underlying dolomite of the Amherstburg Formation but
the existence of the unit was observed in the test pit
in the quarry floor. The contact oceurs in a covered
interval between the top of the test pit and the lower-
most mappable section of the quarry face.

The centre of the quarry isfthe most distinctive
section. L-2-4A, 5A and A exhibit microfacies much
different from the remainder of the quarry. These *hree
sample-sites belong to Microfacies 8 and Field Facies B.
This central portion represenfs a trud bicherm structure
conplete with the massive solitary and tabulate corals,
stromatoporoids and éssociated fauna. The coiou! of
the rock alone typifies this facies. To.fhe west,

deposits of Microfacies 7 and 6 occupy the basal zones

Y
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- and flank the central core séction of Microfacies 8.
These déposits'are oveflain by rock of Microfacies 11,
one- of the most diverse and notably stromatoporoid-rich
deposits. -fhis microfacies (11) overlies about one
half of the reef core zone as well. The remainder of
the core zone-is overlain by rocﬁs of Micréfacies 6 and
9, in an upward gradation, before rocks of Microfacies
11 again appear on the eastern side of the face. As
shown in FigurelO(in pocket) the vertical extent‘of

the outcrop was probably much greater than that which

remains. To-the east the deposits become more complicated

without any sort of sequential zonation. It appears that
a reef stage of Microfacles 11 may have begun to grow

at L-2-1A and L-2-2A but environmental change eliminated
further developmenf, and then began repetition of basal
stages varying up to a Microfacies 11 stage. This is.
possibly similar to that overlying the core zone,

Microfacies 8.

Thus this outcrop demonstrates many successive

S
[

'stages..of bioherm construction. The first stages involved
the "true reef" biofacies in the centre of the outcrop.
The latter stages involved development on top of the

Tirst.

*

Locality Four - Salem South

(P1. 9, Fig. A)

Logality four is a very small locality of very
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limited vertical stature.' It belongs to Microfacies 12
and consists almost entirely of stromatoporoids and corals.
It probably represents the upper stages of growth of a

batch structure.

Locality Five - Formosz West

(P1. 8, Fig. 4)

Locality five (Fig.11), doeg not exhibit all the
grbwth stages noted in the othe} two major outcrops
already discussed. L-5A and L-5C are laterally equivalent
and.both belong to Miérofacies 10. -L-5B, the zone over-
lying L-5A belongs to Microfacies 11, L-5D overlies
L-5C and belongs o Microfacies .7. |

Neither L-5A or 5C appear to be equivalent in ¢
nature to any of the previously studied localities.

These lowef zones resemq;e a bioherm patch structure and.
the toﬁ beds of L-5B an@ L-5D appear as a stromatoporoid
cap. This was evident at Locality 2, the Hydro Quérry

as well with the felatidnship 6f the core zone to the
overlying rock. The best, if possible,correlation would

ve in this respect. N

Locality Six - Walkerton West

(P1. 8, Fig. B)
AT locality six (Fig¢2), one of the few observable
contacts between the Formosa Reef Limestone aﬁd the
Amherstburg‘dolomite exists.; Here also‘is one place

where subareal erosion may have taken place{ The contact
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is very definative in natﬁref’and fractures quite
easily and'evenly without any interbedding. Site I-6AB
6nsts - estone at the contact and belongs to

Microfacies 5. This microfacies was termed a basal or

~Stabilization stage in Locality 1.) This exposure is

@ limited.in size and further correlation is not possible.

Locality Seven - Greenock East

. Locality seven (FigJﬁ) is found to the west of
'locality eight, the type section of the Formosa Reef ¥
Limestone. The outcrops'here'all belong to Microfacies
11 agd Eecause of their proximity and general shape
proﬁably belong to oﬁe massive complex involving the
type section and probably L-15 to the east of the type

section.

Locality Eight - Type Section

(PL. 10, Figs. A.to D) .

Locality eight (Fié.lB),_is the type section of the *
Formosa ﬁeef Limestone and is the one most intensively
studied by previous workers. Roper (1964) and Conway B
(1973) both came %o the same paldececological conclusions.
They concludea that stromatoporoids are the main frame—&_
builders of the bioherm with tabﬁlate and rugose corals
secondary. They observed three palaeoecoiogical units,
which coincide with three. phases of reef development.

They are (1) an initial stage of relatively inactive

- water, (2) succeeded by rough water conditions and
. \

\
—/.
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. (3) a final period of inactive water. - .

When 5 microfacies analysisfis’éggzzgghio the samples
collected from the locality, it waé.fouhd that only two
micronCies exist, 11 and f (Fig.14 ~in pocket). These
coincide very well with the upper two stages of develop-
ment found at locality one. Microfacies 11 constitutes
the bulk ofﬁthe reef with a thin unit of Microfacies 7
on top. This is similar to the,éituation as at L-1.
Here, however the basal stage is missing. To the wesf
of the type section is site L-8-10. Here the‘;ﬁits'
belong to Microfacies_3, @ and 7. These are probabl&
the basal.stages. To the west at L-15, Microfacies 3,

5 and 6 aré'found which are:probably the eastern-basal
stages or possibly flank zones of the entire section.

L-7 to the far west correlates weli to Microfacies 11

at the type section. All of these sites occur at ap-

;roximately jO0.0 m abové sea lefeljmnd thus probably

constitute one ?étch reef uqit or complex.

The microfacies atAL-SHEorreléte well to the upper

units of L-2, to the southeast. 1ocality two may have

as well belonged to this complex of bioherm patch reefs.

Loéality Nine - Fofmosa‘Towp
///“\\ (Pl.-11, Figs. A and B),
These #re the bioherms outcrooﬁing in and éround
the town of Formosa (Fig:l5.). They are a fair dlstance

from the type sectlon and thus constltute a. dlfferent

]
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1/ ( ~ FORMOSA TOWN
Loéality 9 |

1025 : 0. 500 1000

metres

Cl.=25ft.

Figure 15: Location map of Locality Nine-Formosa Town. :
(Base Map from Ontario Dept. of Energy, Mines
*and Resources, 1978) ‘
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sef‘of patch reefs. They also occur between 300.0 m
and 330.0 m in elevation, but distance doeS‘ndtagree to
theﬁ belonging to the sanme complex. L-9XA belongs to
Microfaﬁies 11 and L-9KB, Microfacies 12. 'L—9CAbélonés
to Microfacies 6. L-9KA and KB are equivalent to the
divérsification stages noted for Microfaéies.i; and 12
in other outcrops. L-9C represents either basal stage
or a fiank deposit. as described’ in other sections. It
is probable that L-9C and L-9KA, KB belong to the séme

complex, because of their close proximity to each other.

-

Summary

Biofacies deferminations can only be achieved on a
*local scale. Many of the outcrops exhibit similar
characteristics and the break&bwn may generally be done
on the basis of microfacies. The gross characters seen
in the field cannot be used unless they are very obvious.

Four ecological stages of community development
were found. They are (1) the rélatively unfossiliferous
basal or stabilization stage which usually underlies or
flanks the second étage; (2) the developmental stage of
abundant stromatoporoids; (3) a diversification stage
of zactive water conditions, with lateral zonation of
stromatoporoids towards back reef and a diverse reef
front faunz; and (4) a domination stage of stromatoporoids
-oceurring as a cap structure.

There appear to be five reef complexes exposed.
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They are (1) the Formosa North Type Section area (L-2,
6, 7, 8, and 15); (2) the Formosa Town area (L-9);
(3) Salem South (L-4); (4) ‘the Falls of the Teeswater

River and surrounding area (L-1, 13); and (5) Formosa

“West (L-5). ~Four localitites could not be found but

mrobably constitute :our more complexes.-

- In addition to these complexes, numerous subsurface
reefs occur at different stratigraphic levels. Sub-
surface data indicate as many as six additional complexes.
However, faf more probably exist creating a coﬁ%licéted

subsurface stratigraphy.

[ESER IR J e T e |

R I
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Part Two: Palaeocecology and Palaeogeographic

Reconstruction

The palaeoecology and‘subsequent palaeogeographic -
reconstructions for any single reef or reef complex arei
very complicated. The reconstruction of a reef is gen-
érally done on the basis of the palaeocecology and many
models have been proposed for the as many different

reefal configuartions that exist in the geological record.

Patch Reef Distinction

]
Fagerstrom (1961a. b) characterized the Formosa

Reef Limestone as consisting of a2 localized, three-
‘dimensional cluster of very pure massive limestone
reefs (bioherms) which outcrop as irregular knobs. The
bioherms have the appeérance of patch :eefs and nof the
more common barrier, fringing or atoll structures.
However, both Roper (1964} and Conway (1973) treated
their palaeocecological descriptions of the type section
(L-8) as if the reef was more classic in design even
while noting they were probably of patch reef distinc£ion.
In his paper on the various types of reefal siruc-
tures, Cloud (1952); noted that in the geological
column, small and subequidimensional to irregular organic
mounds, knobs, pinnacles, pedeétals or platforms known
as patch reefs, or bioherms are ofdinarily of simple’
shape and structure. Lateral change 1s generally abrupt.

Living patch reefs grow in lagoons; in the surf lee of
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linear reefs, in rrotected shelf areas or at depths
below strong wave action. Figure 16 illustrates the .

modern analogue -of patch reef occurrence in an atoll

‘structure.. ' : )

Some of the patch reefs in the protected shalloﬁ
watefs of Pacific lagoons are strikingly similar to the .
Middlie Devonian patch_reefs of Michigan and Ontario, in
shape, general structure and facies relationships. The
principle difference is stromatoporoids'are the primary
frame building consorts of the Devonian corals. The
Devonian patch reef alluded to may not have grown in
lagoons but their shape alone is strong,evidénce of

growth in relatively quiet waters and their composition

is indicative of relatively warm and shallow water. They

are the dominant reef type in the ancient epeiric seas of

North America.

~

\‘—-\

ISLAND !
ATOLL

‘SEA LEVEL

FIGURE 16
Modern Analogy of Patch Reef
Growth in an Atoll {(after Cloud, 1952).
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and Mountjoy (1972) fén ce %his statement.
They<$ade a comparison beﬁween Central European and
Western Canadian Devonian reef complexes. They produced
two distribution charts, for Central Europe and North
America respectively. These charts are shown in Figures
17-.2nd 18. - |
.»;E When one compares the fauna of the Formosa Reef -
Limestone to the Central European distribution patiern
we find the Back Reef and ?ore Reef environments make

the closest analogy. Application of Western Canada
| distribution patterns finds a close analogy of Formosa
deposits with Fore Reef deposits with less analogous but
Still comparable Reef and Sack Reef deposits.

From these distribution.patterns agreement must be

‘made with Cloud's (1952) statement thaﬁ although the
bioherms may have patch réef distinction +they neverthe-
less méy not have grown in lagoons. One startling r,
faunal distinction was noted in both the European and AN
Western Canadé distributions. Both were in agreement
thgt calcispheres weré to be found ih only a Back Reef
environment. = Calcispheres were found in 32 of the
Formosa Reef sites. Therefore, according to Krebs and

Mountjoy, 32 sites have a Back-Reef/ﬁistinction. This

however may not be true. Back-Reef lagoon environmenis
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Figurel? : Distribution of Organisms in

T Devonian Reef Zones and Cff-Reef
Areas in Central Burope, (after Krebs
and Mountjoy, 1972).
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Fizure 18: Distribution of Organisms in Devonian
Reef Complexes in Western North Amgerica,
( after Krebs and Mountjoy, 1972) .
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generally denote guiet, shallow, warm, waters. Clouq

- (1952) states the Devbnian patch reefs possibly did not
“originate in a lagooé environment but nevertheless in
shallow, quiet, warm waters possibly on a carbonate bank.
This in fact agrees well wi£h the reconstruction of the
Amherstburg Sea as.presented by Dorr and Eschman (1970) .

This reconstruction appears in Figure 19.

SEA FIGURE 19:

Amherstburg Sea-
Carbonate Bank
Distribution,
(Dorr and Eschman,
1970) .

COLUMBUS
SEA
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Palaeoecological- Models of Reefs

Many models have been pébposed for many different .
réefal'céﬁfiggratipns. Before én& description of the
~ probable palaeoenvironment i; made; it is useful and
- necessary to eiamine a few of these various bilostrati-
graphic models. A summary appears in Table 8 .

Copper (1966) discussed the di#tributidh of atr&pid
brachiopods in the Devonian (Eifelian) shelf seas of
horthweStern-Europe. On the basis of fauna he divised
seven main atrypid brachiopod biotopes. The seventh

biotope was that of knoll-bank reef atrypids with

Mimatrypa and Carinatina oécurring.probably in pockets

on a coralline reef. He made the following observations

about this biotope; (1) the mass-reef biotope of Western '

Europe holds few rich atrypid faunas; (2) ammonoids are
locally. very abundant; (3) crinoidal debris occupies
thick layers; (4) stromatoporoids, tabulate and rugose
corals dominate; and (5) the aominant sedimentary feature
is the massively bedded, thick units of white tol light
gray to pink limestones devoid of argillaceous and
shaley material.

The last three observations are apparent in the
Formosa patch reefs. Ammonoids do not constitute an
importanf element in Ontario bioherms and atfypids éfe

present but not significant. However, the Formosa

bioherms are very rich in crinoidal debris and
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strbmétoporoids. Also, the Forméé& Reef Limestone ils
devoid of any terriéinous material. .

Embry and Klovan (1971) studied the biéétratigraphy
and palaeoecology of a reef tract, Mercy Bay Member, of
the ﬁpper Devoniaﬂ Weatherall -Formation which outcrops
on Northeastern Banks Island, N.W.T. The unit consists
of a 200.0 % (60.6 m) thick.limestone,reef unit.

The ecological zonation they reported for fhe Mercy
Bay Member (Figure 20 .)'s.’t‘:a.rted with a base rich in
thamnoporoid, crinoid and brachiopod debris overgrown
by tabulai stromatoporoids. 'This stage was repeated.
This was followed then by massive stroﬁatoporoids;‘with
braphiopods‘and ostracods in the flanks. Massive |
stromatoporoids dominate the‘succeséive stages often
interlayered G“th coral's, b:achiopods and ostracods.

They récognized three depth related palaececological
zones; (1) an undertubulent or quiet-water zone which
receives a minimum amount of Qavg agitation and is
loéated well below wave base, characterized by corals;
(2) a subtufbulent or semi-rough water zone located
below average wave base bui is stiil within reach of
storm waves, characterized b& tabular stromatoﬁofoids;
aﬁd (3) a turbﬁlent or rough-water zone receiving the
maximum amount of wave agitation and located above wave

base, characterized by massive stromatoporoids.
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MASSIVE STROMATOPOROIDS

6 ALVEOLITES HEXGONARIA ”
MASSIVE STROMATOPOROIDS
BRACHIOPODS OSTRACODS
5 ~ MASSIVE STROMATOPOROIDS

' CAL L~ MASSIVE . - ) _
4 4"“‘;230"58 STROMATOPOROIDS \BRACHIOPODS
| % OSTRACODS
-l ' L -
. o 7o
S

- Po
THAMNOPORA ~4§;

ALVEOLITES CRINOIDS

FIGURE 20: -

Distribution of Organisms in Mercy Ba&
- Member, (after Embry and Klovan, 1971).

The major discrepency with the Formosa bicherms is
thg lack of massive stromatoporoids. The first two
palaeoecologica; zones may Typify the Formosa bioherms
but the third does not. Howéver} the Formosa bioherms
have a distinctive stromatoporoid. cap, indicative of a
‘return to rougher water conditions; favouring stromato-
poroid growth. Thus the development'of the Forhosa
bioherms is depth related.

Fuller and Pollock (19?25 studied a reef bélonging
to the Horn River Valley, N.W.I. .Correlation is based
on information from five coreholes drilled by Amoco, P

' Canada. This is basically a conodont study but information
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on the reef is useful (Figure21).

Threg biofacies were noted, each separated from the
other by an erosional surface.

(1) Crinoidal calcarenite occurs at the base and is
. _overlain ﬁy 12.0 m of siromatoporoid calcarenite with

P

‘Stachyodes and coral fragments.

Erosiocnal Surface
(2) The next layer is composed of calcarénite,
. and coral and stromatoporoid limestbnes.
Erosional Surface

(3) The top layer consists of Thamnopora rich

lihestones of coral and s%romatoporoid composition.

The top léyer is placed in a High Reef zone while
+the lower two layers are placed in a Low Regf Zone .
Flank deﬁosits are fairly steep and thin.

Comparison with the Formosa bioherms is_difficult.

The Low Reef zone as described by Fuller and Pollock

(1972) compéres well to most of the Formosa bioherm zones.

However, the High Reef zone does not. The High Reef

zone of Thamnopora rich limestone compares only to a

few of the Formosa sites, which in fact.are lower zones.
Complete comparison cannot be achieved.nr _

Walker and Alberstédt (1975) compared the ecological
successions of various foss;l communities in the geologl-

cal record, using various sections previously described

by many colleagues. Analogy to this study is provided

NPT
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ffom two sections or successions. The first is the reéf
‘complex of.the Nowshera F&rmatiQn (Late<Silurian -..
Early Devonian) in Western Pakisténldescribedrby
Stauffer (1968). The sécond is thé waer, Upper
Devonian Frasnian of Belgium, a late Devoniaﬁireef‘
complex in the Ardemmes, described by LeCompte (1959).
These successions are shown in Figure 22. i

- Walker and Alberétédt determined. there were four
vertical zones which représent four stages in development
of a reef; (1) stabilization (pioneer stage); (2)
colonization; (3) diversification: and (4) domination.
The first (stabilization) stage was the inixtial develop-
ment on a substratum by the growth of pelmatozoans and
brachiopods. The second stage was the initial coloniza-
tion of the area by the reef building organisms with
branching and encrusting growth habits - establishment
of niche stratification. This is usually a short stage.
The third stage is the diversificétion stage and is
marked by an increase in both vertical and horizontal
pattern diversity (usually doubles). Diversification
usually occurs at high taxonomic levels. The community
éains hoheoétacy by diversification. This stage usually
comprises the bulk of the‘reef mass. The fourth and
final stage involves fewer taxa, frequently one major‘-

group (e.g. stromatoporoids). The boundary is often

abrupt, suggesting a sudden change to the domination stage.
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Figure 22
COMPARISON OF FOUR DEVELOPMENTAL STAGES IN TWO ANCIENT REEFS
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The Formosa bicherms do not exhibit the exact faunal
components as described from the Nowshera Formation and
the Frasnian Reef complexes. However, the foﬁ§/;tages
- are apparent in some outcrops. _

When studying palaeocecological problems it is often.
useful to move into units of a similér-nature but not
necessarily similar age. According to Hutt et ,al. (1973)
a2 broad regional barrier reef complex.surrounded the
‘Michigan Basin during Middle Silurian time. Subsurface
carbonate mounds - pinnacle reefs with relief up té
540.0 £t (170.0 m) have béen found in a 15 to-BO km
 band in Michigan and Ontario near the south end of Lake
Huron. Their bases are iﬁ the upper part of the Middle
Silurian Guelph Formation and the A-2 Salt, A-1
Anhydrite and A-1 C;rbonate Members pinch out against
the flanks of the reefs. The B-Salt Member and A-2
Carbonate Member are thinned and elevated over.the reefs.

Hill (1966) studied core from one of these pinnacle
reefs - the Payne Reef and found five phases of deﬁelop-
‘ment. They are: (1) an initial stage of accelerated
crinoid accumuldtion resulting in a buildup with 9.0
to 15.0 m of relief; (2) a 15.0.m section of skeletal
carbonate Eontaining considerabie debris of colonial |
algae and algal.pellets; (3) 2 main stage of reef growth
with vertical growth keeping pace with basin sﬁbsidence

producing & 90.0 m section of organic lattice, algal
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in origin with about 15.0% solitary and coloniai corals;
() 2 1.4 m zone of stromatoporoids resulting from a
loss in basin subsidence permitting;the reef to grow
up into turbulent water thereby favoﬁring'fhe wavé
resistant stromes; and (5) a section of scattered reef
debris and bedded fine—grained carbonates, which may
represent lagoonal deposité at the top of the reef. .
| Other core studies have begn carried out and,
common to most are three phases; (1) a crinoid-rich
base; (2) an intermediate phase of biostrome character”
ized by corals; and (3) an algal cap.

In addition to the piﬁnacles are similaf structures
with lower.relief, calleé incipient reefs (Shouldice,
i955) or subdugd reefs (Pounder, 1963). It is generally
assuﬁéd these féatures.represent potential pinnacle
reefs which ceased to grow at an early stage. This
could be due to drowning by the rapid subsidence of ‘the
A-1 Anhydrite Member. .

The Formosa bioherms differ in age from the Silurian
pinnacles but close structural relationships'are present.

The Formosa bicherms exhibit the crinoidal debris lower

stage and the blostrome-coral intermediate stage. The

Y

Silurian pinnacles are capped by algae whereas the Formosa

bicherms are capped by stromatoporoids.
"
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Palaeoecology and Palaeogeography of

the Formosa Reef Complex.

During the Devonian Period there were several stages

- of transgression and regression of seas occupying the

Michigan Basin and adjacent Ontario. Dorr and Eéchman
{(1970) gije this description of palaecogeography of the
period.

(1) The Bois B;anc Sea retreats (Figure 23 ) to
northeast half of Lower Michigan and cuts off connection |
with Onondagan Sea to the south (Figure 24 ). In the
beach zone, wind-blown sands accumulated while offshore
in the Neo‘Detéoit River Sez, limestone deposition occurs.

(2) Next, the sea transgresses to the west and south
across the Michigan Basin and éxtensive carbonate banks
appear in Mackinac Straits region and along the southern

quarter -of Michigan and the western flank of southern

" Ontario (Figure 25 ). These carbonate banks were the

loci of abundant coral-stromatoporoid bicherms.

(3) Continued transgressior, an arid climate and
restricted circulation of the basin brine initiated
evaporite deposition which characiterizes the Lucas
Formation (Figure 26 ).

If we assume this palaeogeographical history to be
eorrect then the Formosa patch reefs grew on the far end
of +the southern carbonate bank_of the Amherstburg séa.

o

411 indications of the palaecenvironment support this .
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FIGURE 25:

' 'Reconstruétion of

the Amherstburg Sea,
(Dorr and Eschman,
19?0).

FIGURE 26:

Reconstruction of
the Lucas Sea,
(Dorr and Eschman,
1970) .-
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claim. The reefs have patch distinction, and seem to
. have grown in small ecological coﬁplexes on the western
side of the carbonate bank enviroament.

Copper's (1966) model of reef or island barrier

agrees with this claim. ‘He found\in his ecological
zonation that stromatcporoids were t e méjor reef building
components in the Devonian of nopfhwestern Europe. Hé
alsc found that echinoderm—6r pelmatozoan debris occupied
thick layers. This agrees well also. -

Embry and Klééén (19?1)'§ound-vertical zonation
. within the Mefqy Bay biohérms.to be cyclical repetition
6f—%ébﬁia£ strqmatoporo?ds separé%ed by echinocderm,
Thamnopora and bradhiopod'debrié. This is also evident
in the Formosa patch reefs. HoWéQer the appearance of
‘ mgssiye stromatoporoids, found by Embry and Klovan does
'ﬁot éorrelate with the Formosa bioherms,‘which rossibly
had much quieter water conditions.

Fuller and Pollock (1972) .discovered vertical zona-
tion-consisting of two stages, low-reef and high-reef.
These z;ﬁes occur at different outcrops in the Formosa
area and thus direct correlation cannot be achieved.

Walker and Alberstadt (1975) provide an in{eresting
basis for comparing reef ecclogical formats. Their
stabilization>stage’compared well <o the sparéer bilofacies

of Microfacies 3 to 7 while their diversification and

possibly domination stages represent Microfacies 8 to 12.
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The outcrops of the Formosa Reef Limestone rarely
allow for complete vertical zonation. Some have good
vertical zonation while others must be used in composite

section comparisons. .
| However, the following palaeoenvirohmental con-
clusions can be made.

A. The patch reefs are.dominated‘by laminar
stromatoporoids. Wilson (1975) inﬁicates this denotes
. development below wave bése, encrusting or binding

- micrite. Heckel (1974) found the most common element

of all Devonian reefs to te stromatoporoids. Thamnopora

is often intergrown with the stromatoporoids. Favosites
vary up to large irregular or globular mésses, growing
genérally downslope from stromatoporoids (Wilson, 19?;).
This indicates growth of the Bioﬁerms_in warm‘shal;ow
marine conditions below the wave base.

B. Four main ecological stgges'of community
development are noted in the Formosa Reef Limestone.

The bioherms when complete display (1) a stabilization

stage of echinoderm, bryozoan and coral debris interbedded

with stromatoporoids; (2) =a diversification stage rich .
in stromatoporoids and interbedded debris; (35'a coral-
stromatoporold stage suggestive of-higher energy with
lateral zonation providing reef front and back environ-
ments and (4) a very high-ehergy near surface domination

stage characterized by stromatoporoids in a-capping

Sar Cateasnd

h e vk
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nature (Figure27}. : .

This model of reefal succession agrees well Qith
Wilson's (1975) model of a Devonian Patch Reef wher;
the reef's.stébilizaﬁion period censists of corals and
echinoderms, intefbedded with tabular stromafoporoids
and finally é'stromatoﬁgroid cap. His model is general
in nature but he makes one impoftant point. The patch
reef with stromatoporoeid éap may develop into a complex
of multiple cores and flank beds. This is what has
occurred With-thQ"Formoéé reef complex.

This multiple cor; and in this case cap-flank'
complex reflects the changlng sea level conditions of
the Devonian. This can be compared o 4;e incipient
reef development of the Silurian where the reefs could
not develop in time to form true pinnacles. The fiuc—
tuating éonditions of the Devonian did not permit the
development of single large reef siructures but rather a
series of intergrown patch reefé. The reefs grew on |
'high spots éreated‘by previous "dead" reefs (Figure 28).
a These reef complexes all belong to one large complex,
which grew at different stratigraphic levels in the
Amherstburg Sea Carbonate Bank environment.

C. According to Summerson and Swarm (1970), the
Sylvania Sandstone Member of the Amherstburg'Formation
probably was initially transported by wind. The sands

probably had a source west of the depositional basin
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PIGURE 27:
FORMOSA REEF DEVELOPMENT

ONE: Development of Stabilization Stage.
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and were dispersed by prevailing westerly winds. The
Formosa biocherms appear to have a preferential reef

front towards the south and southwest. The carbonate

bank upon which the biocherms were growing swings in an

arc to the southwest. Thus with a prevailing‘%esterly'

wind, the areas of_highest wave action would be towards

the south and southwest as found in the analysis.

-~

T
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Part Three: Diagenetic History
According to Blatt et al. (1972), diagenesis of

cafbonate sediments and rocké includes all those pro-
cesses that act upon these materials after their initial
deposition but before elevated temperatures and pressures
create minerals aﬁd structurés normally considered within
the reélm of metamorphism. Chilingar et g;.'(196?)-notes
that diagenesis of carbonate rocks comprises more than
thirty different processes which are conirolled by bdoth
local and regional factors and can radicélly alter the
composifion and texture of the sediments. Most of the
processes that act on carbénate rock during diagenesis
accompliéh one or. more of the three foilowing operations;
.dissolution, which produées void gpﬁbe; cemenfation,
considered to be-growth'of new crystéls into the voids
produced; and replacement, involving the essentially
simultaneous dissolution of existing materials an&
precipitation of a new mineral (Blatt‘gz al., 1972).
However, these definitions although correct, must‘
ve regarded as relatively simplistic. Bathurst (1975)
provides the most recent and quantitative discussion

on the complexities of a2 carbonate diagenesis.

The Amherstburg Dolomite

- .,“2.
The major problem concerning the diagenesis of the-

Amherstburg dolomite is with respect to correlation with

the Formosa Reef Limestone. The reef limestone occurs
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within the dolomite of the Amherstburg Formation at
various stratigréphic levels., The problem revolves around
the recognition of the dolomite as being primary of
secondary ih origin. Primary pfecipitated dolomite lacks
-any evidenée of formation in a body of wgter today. Thus
almost all existing dolomite is considered secondary in
origin. -Thermost accepted method of dolomitization is
by evaporative reflux. But one severe probiem emerges
here. If the Formosa bioherms were growing on a lime-
stone bank which was subsequently converted to dolomite

. by evaporative reflux, why was the reef material which
was undoubtedly more porous than the surrounding lime-
stone not converted as well? One may concede thaﬁ the
bioherms became suberiallx\exposed and thus not suscep-
tible to the reflux percplation,-but evidence of this

was not found. Also, the bioherms vary in stratigraphic
position and if the reflux was ongoing the strétigraph;‘
ically lower bioherm deposits should have been affeéted.
There 1is no evidence of this. However, nocne of the out-
crops has -fop contacts exposed and thug records are
sketchy. Evaporétive reflux would explain the conversion
of the limestone bank to dolomite especially with the
thick evaporite seguences found in the Michigan'éasin;

a necessary.featuré for the process to work. Fluctua-
tion in sea levels may have been extreme enough and

recurring enough to produce the conversion without
<

o
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attacking the reef fabric. Perhaps the fluctuations were

not long enough for total reef conversion.
N ]
-

The Formosa Reef Limestone

Aside from the complex problem of nondolomitization
- of the bioherms, the Formosa Reef Limeséone exhibits
numefous didgenetic features. Some of the more common
features are; (1) bimodal distribution of micrite and
sparite; (2) trabecular and radial recrystallization of
skeletal elements; (3) micritization of skeletal elements;
(4) pore and fracture iﬁfilling by sparite; (5) syntaxial
replacement ﬁnd cement.rims; (6) single crystal replace-
ment of echindderms; (7). fibrous to drusy calcite cement:
(8) micrite recrystallization to sparite; (9) stylolitic
and stromatactoid structures; and (10) dolomite inclusions
in preﬁipitated pore sparite. , (
According %o Bathurst (1975) "recrystallization
embraces any : ange in the fabric of a mineral or a
monomineralic gediment. Three chahges are possible,
involving (1) crystal volume, (2) crystal shape, and '
(3} crystal orientation.” Micrite recrystallizationﬂ%o
sparite, a very common diagenetic process affectigg the
Formosa Reef Limestone can be attributed to the "wei
recrystallization-aggrading neomorphism” discussed.by
Bathurst (197 35). o
Wilson (1975) makes four points concerning the

diagenesis of middle palaeozoic carbonate mound buildups.

R
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. (1) Most middle palaeozoic cofai—strqmatoporoid
buildups contain large vugs and cavities inﬁerited from
ﬁhe originally constructed megaporous reef fabric. %%e
exact origin of the coarse drusy linings and sparry
infillings of these cavities remains a mystery. They
are possibly formed by a marine sp;ash zone buthécause
it is also seen filling stromatactis cavities it must be
of quiet-water condition origin either submarine or
within buried sediment.

(2) Stromatactoid structures, patches of spar with
flat bottoms and digitate tops, have_probably a slump =
origin and indicéte an early porosity and permeability
of micritic core rock. )

(3) Usually some evidence of subareal exposure
occursg on the edges of bank aeposits.

(4) The high ﬁercentages of stroﬁatoporoids improves
the chances for porosity and permeability in carbonate
strata. They are more susceptible to leaching and alter-
ation to coarse calci®e and dolomitization. ‘

Chilingar (1967) states. that in a general way, thé
sequence of diagenesis takes place in the fallowihg

order; ﬁi) iiological and biochemical; (2} physic(g_f7
chemic;i?Tand {3) physical. These processes of course,
overlap to a large extent. Within the Formosa Reef
Limestone ﬁ?ological and biochemical diagenesis is not-

distinct. It undoubtedly has occurred but the visible

i

¢ |
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results are noﬁaggident, More common are physicochemical
and physical chaﬁges of the rock, the lattgr being least
evident. | '

Blatt et al. (1972) state that there are three
géneral diagenetic environments; (1) the subsea, on or

just below seafloor; (2) subareal exposure in the vadose

~or shallow ground water zone; and (3) the deep subsur-

face. The Formosa Reef Limestone undoubtedly occurred,
in its accumulation or growth stage on a carbonate bank
in shallow, warm, quiet waters. Initial stages were
instigated by the growth of stromatoporoids and echino-
derms on this bank. Establishment of a bioherﬁ/biostrome
structure in the form of a patch reef then occug;ed.
During this period, the older and "dead" stromafbpdroids
broke and' cracked from compaction of the still soft
sediment. Termination of growth occurred probably as a
result of subaereal exposure, due to a drop in sea level
and through time lithification Qccurred. Bathurst (197 5)
states that "the lithificatiqn of a carbonate, like the
lithificationof carbonate sediments in general, involves
a change from a mixture of solid carbonate rhases, bathed
liberally in a pore solution, to a rock composéﬁ of low-
magnesian calgite with 2 porosity of perhaps, 2 or 3%."
He believes lithification of calcite-mudstones takes
place involving the neomorphism 0f the original crystals

and the precipitation of externally derived CaCOz.

£
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Then came sevéral stages of eariy diagenesis.
Chilingar et al. (1967) states that diagenesi§ of reef
limestones. biocherms, biostromes and domparable rocks,
built by wave resisting organisms in the marine environ-
ment, normally includes the infroduction of iﬂterstitial
material. This would take place during one of the early
stages of diagenegis. Trabécular, radial reérystalliza—
tion and micritization of skeletal elements of stroma-
toporoids and corals would take place at this time.
Single crystal replacement of crinéid ossicles, micriti-
zation of pellets-and other skeletal eiéﬁents took place
also. Linings of pores, vugs and fractures with fibrous,
calcite spar from percolating concentrated fluids
occurred as stated by Chilingar et al. (1967).

Secondary stages of diagenesis resulted in the total
infilling of remaining pore space and fossil intersticies
with_drusy. anhedral to.euhedral sparé;g with larger
crystal size than the lining spar. D;;ing this pfe—
cipitation, coalescive doiomite rhombs grew probably
before complete lithification of the precipitated spar,
as they occur as small inclusions within the spar.
?recipitation of spar in stromatactoid, structures also
took place at fhis time.

‘Lafer stages of diagenesis produced the bimodal ./~
distributién of micrite and sparite in the matrix from

micrite recrystallization. Also late occurring was



118

the‘dévelopmentfof syntaxial replacemént‘and cemént
rims-on some skeletal elements, primafily crinoid.
ossicleé. The dissolution of matrix was féllowed by
the precipitafion or recrystallization to sparry, drusy
calcite cement in some areas. This however is not
common. The latest development was that of stylolites _
or micro-stylolites within‘the fabric of the reef.
: Styldlites generally form in the zone 3 or deep éub-
surface environment, as described by Blétt.gi'él. (1972),
a product of pressure-solution (Bathurst, 1975). |
Whether the early and middle stages of diagenesis
occurred ih the subsea or vadose ground water zone is
debatable. Vadose enviromments are slightly preférred
owing to the lack of dolomitization of the reef rock.
This denotes subaereal exposure which is not evident-
Bourrouilh (1972) found two diagenetic facies side
by side in a fossil lagoon in the-uplifted atoll of Lifu,
east of New Caledonia. He found twec dolomitic zones,
one in the northern end and one 'in the soqthern end of
the lagoon. These two facies were separated by a calci-~
tic facies in the centre of the lagoon. He determined
the calcitic zone to have been subareal at one time agd
the dolomitic zones probably changes by karstic and
capillary circulations of a2 phreatic nature. This
explained the occurrence of limesione and dolomite side

by side at Lifu. This may possibly explain the 6ccurrence
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.of the Formosa Reef Limestone within the Amherstburg

dolomite;

45,'
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{3) Subsurface gata Suggest regional dips were less fhan

environment.of deposition. The reerf structures apbear
t0 have Erown on tHe western flank of the carbonate
bank Surrounding the Michigan-Ba§§n, in'Middle Devonian

time.

were noted. They are (1) 4 stabiiization stage of
e¢chinodern, bryozoan, coral, ang stromatoporoig debris;
(2) a developmental stage of Stromatoporoig composition;
(3) a coral-stromatoporoig diversification Stage with
lateral Zonation; and (4) a high-energy domination

stage of Siromatoporoids 25 a cap. There is Tepetition

. 0f core ang Capr zZones, owing to fluctuating water levels.

s
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(6) Leeward and windward sides of the reefs were deter-
mined on the basis of reef stfucturé indicating dominant
'wind and wave directions from the south and soutﬁwest.
(7) At least three stages of diagenesis have occurred.
The first stage involved cavity lining-and recrystalliza-
tion of skeletal elements. The second gave caﬁity iﬂ- ‘
filling and dolomite inclusion, which was coalescive in
nature. The third resulted in a bimodal distribution

of micrite-sparite concentrations and the fdrmation of

nicrostylolites, due to pressure solution.’

=
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EXPLANATION OF PLATES

In-all plates the scale pole is divided 4nto

-

20 cm sections. Any other scale applicable will be

given with the individual description.

PLATE ONE
Teeswater Falls, (L-1), facing south with L-1-5
in the foreground, L-1-6 directly behind, LLIQﬁ
and L-1-7 to the right in the photo.
Teeswater Falls, (L—l); L-1-22, facing west. The
scale pole delineates the itwo sample sites separated
by ridge of natural weathering.
Teeswater Falls, (L-1), L-1-3, directly across
tﬂgkriver from L-1-22. Section undercut Showing
the e#treme vulnerability of this rock to chemical
and mechanical weathering. | ‘
Teeswater Falls, (L-1), L-1-3, Favosites colony

approximately 25 em across.
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Teeswatef Falls, (L-i), L-1-4, scale pole delineates

PLATE TWO

sections above and below falls.

Teeswater Falls, (L-1), L-1-5, the .flower pot,
eroded éection_in the middle of the river. Top of
scale pole indicates sectgpns above and below falls.
Teeswater Falls, (L-1), L-1-6, facing south, top of

scale pole indicates sections above and below falls.

. Teeswater Falls, (L-1}, L-1i-7, facing wést, top of

scale pole indicates zones above and below falls.
At all locations, samples were taken above and
below the falls as the contact with the Amherstburg

dolomite was expected.

-
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PLATE THREE

Teeswater Falls, (L-1). L-1-8: facing south,

downstream from fhe £alls, outcrop of Amherstburg .

7

v

dolomite is exposed in riverbank. Note the . “chip"

appearance of the wgathered surface.

Teeswater Falls, (L-1), Lel-12, the farthest outcroP -

. below the falls is stratigraphicallj ilower than the

dolomite at L-1-8, thus probably part of 2 gecond .

complex. %, P

.

Hydro Quarry. (L-2), L-2-4, §§;ap§rolus weathering
out of the lgﬁestone. Fauna in this part of the
uarry was generally quite large- Tnis specilmen
isi about 7 om in dlameter. )

Hydro QuarTy: (L—E}. L-2-4, quite large rugose

coral weathering out of the limestone.

3
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PLATE FOﬁR
Hydro Quarry, (L-2), éites L-2-4, L-2-5, and.
L-2-6 in the background. Thi¥'is the core ‘ -
zone of- the quarry. Note the weathered surface |

as having a much lighter appeafance than the

-

rest of the rock.
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PLATE 4
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PLATE FIVE
A, Hydfo Quarr&, (L-2), L-2-5, large (30 cm) diameter
. Favosites colonf characteristic ﬁf this core zone.
B. Hydro Quarry, (L—Z), L-2-5, large (10 cm} diémeter

Heliophvlum weathered out of limestone.

C. Hydro Quarry, . (L-2), L-2-5, stromatoporoid layer

i

(14 cm thick) dirtctly overlaying the core zone.
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PLATE SIXA _
Hydro Quarry, (L-2)s L-2-5, large (3C cm)
diameter Favosites colony characteristic of

the core zone.

Hydro Quarry, (L-2), L-2-5, Favosites, Heliopﬁylum

and Cystiphylloides weathered out of the .limestone.

All three specimens about 8 cm in diameter.

Hydro Quarry, (L-2), L-%:S, iarge Cystiphylloides
(10 cm in diameter) weathering out of thé‘limestone.
Hydro Quarry, (L-2), L-2-9, located near the east |
end of the quafry. The large block in the Tfore-
ground fell from whefe scale pole rests. Note
the jointedness and thick beddedness of the

limesfone 2t this site.

./
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PLATE SEVEN

Hydro Quarry, (L-2), L-2-9, stromatoporoid, 20 cm
across, characteristic of this'zonéiin the quarry.
Hydro Quarry, (L-2), L~2-12, northernmost section
found in the quarry. Resistan@rridgé at scale pole
delineates the two samRed zoné;. *Top section is
much more fractured while the bottom section
retains its thick beddedness.

Test Pit, (L-3), lower 45 cm of pit showing the

thick bedded and uniform appearance of the

Amhersfburg dolomite.

PO
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PLATE 7
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PLATE EIGHT \

Formosa West, (L-3), view of north.section showing

reef core zone with resistant stromatoporoid cap

structure. Face approximately 4.2 metres in height.

Walkerton West, (L-6)3; view of the entire expasure.

Line indicates where the contact with the Amherstburg
dolomite occurs.

Walkerton West, (L-6), the contact with the

. Amherstburg dolomite.

Walkerton West, (L-6), closeup of the contact, note
the very abrupiness of the contact and the easy
way separation can occur. The dolomite is about

14 cm in thickness in this phote.
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PLATE NINE
Salem South, (L-4), small isolated outcrop of
limited stature, along Highway 4. -
Salem South, (L-4), closeup of the outcrop reveals ]
its composition - almost entiriiyrégromatoporoid..
Formosa North, (L-8), Acinophyllum colony located -

in the reef front. Whole colony about 60 cm in

diameter, photo XI.

Formosa North, (L-8), contact with the Amherstburg
dolomite at the northérn end of the section. The

chipped appearance_above'the contact represents ‘

the passage beds between the dolomite and the

limestone.
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- PLATE TEN
Formosa North,- (L-8), the reef front where the
greatest diversity of fauna was found.
Formosa North, (L-8), Section A, as discu)ss'ed-in
the text. | |
Formosa North, (L-8), Section B, as discu'ssed in
the ftext. L |
Formosa. North, (L-8), (&ecticm C, as discussed in
the tekt. |
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PLATE ELEVEN

N

v
Lz

Formosa Town, (L-9), L-9K, section located on
the farm of Andrew Kunté.
Formosa Town, (L-8), L-9C, large section on the

east side of town opposite to L-9K.
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' PLATE TWELVE

MICROFACIES ONE

4. Amherstburg dolomitefi(L—éZi,\note bituminous
_;’/iaminations, (X10).
B. Amherstburg dolomlte, (L-1-8) notegﬁalrly
high Dor051ty, (X10).
MICR QFACTIES TWO

C. Reef limestone, (L-2-124), note almost total
lack of fauna, (X10).
D. Reef limestone, (L-1-7A), note areas of high

sparite concentration, (X10).

-
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PLATE THIRTEEN

MICROFACIES THREE

A. Reef iimestone, (1L-8-10B), note traces of
~ faunal debris beginning tofappear,‘(X10).

B. Reef limestone, (L-8-10D), same low faunal
content as 10B, (XlO):
oA

MICROFACIES FOUR ... *

C. Reef limestone, (L-2-2B), fauna bécoming‘more

" distinguishable with bryozoan and echinoderm

debris visible, (X10).

D. Reef limestone, (L-2-7B0O, brachiopod debris

-~ is the dominant faunal element, (X10).
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PLATE FOURTEEN

MIQ?OFACIES FIVE

A. "Reef limestoné, (L-6AB), fauna becoming a more
significant portion of the rock, with coral
fragments the dominant element, (X10).

B. Reef limestone, (L-1-5), Acinophyllum the

dominant coral debris with arthropod and
pelmatozoan debris, (X10).

MICROFACTIES SIX

C. Reef limestone, (L-2-10AJ, coral, pellet,
and pelmatozoan debris still dominate, (X10).

D.  Reef liméstone, (L-1-1A), note the recrystéf-
iization of the brachiopod fragment and the

. mottled appearance of the stfomatoporoid, (X10).

“n
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PLATE 14
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~. PLATE FIFTEEN

- MICROFACIES SEVEN

i A L

Reef limestone, (L-8-104), a particﬁlarly
fossiliferous area of this section, howe%gr

the majority of the section is not as |
fossiliferous, (X10).

Reef limestone, (L-2-74), again the most
fossiliferous area of the section with bryozoans

as the dominant element, (X10).

MICROFACIES EIGHT

C.

Reef limestone, (L02-64), section of Favosites

- colony with debris characteristic of quarry core

2one, (X10) .
Reef limestone, (L-2-4A), crinoidal debris
commorr constituent of the microfacies in the

quarry core zone, (X10).
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PLATE 15
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PLATE SIXTEEN

~MICROFACTES NINE

i

-

A.

AN

MICROFACIES TEN

Reef limestone, (L-2-1B), Favosites is the

“dominant element of this facies, but lack of

intervedded material necessitates a separate’

microfacies, (X10).

B.

Reef limestone, (L-54), in this section

gastrpﬁods were the dominant element, but

the percen%age fauna placed it in this micrﬁfacies.
Note the recrystallization of the shell, (X10).
Reef limestone, (L-Z:loB),.stromatoporoids

are the dominant eleﬁent here but do not

consistute the percentages peeded to belong to

Microfacies 11, (X10).

MICROFACIES ELEVEN

D.

Reef limestone, (L-2-3D), in this section

Acinorhvllum shares 1ts dominance with

stromatoporoids as shown in the next 'section,

(X10).
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PLATE 16
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PLATE SEVENTEEN

MICROFACIES ELEVEN

A,

Reef llmestone, (L 1-3B), stromatopor01ds are
the dominant element of thls microfacies along
with coralline debrls, (X10).

Reef limestone, (L-2-14), note dissolved

lower surface of stromatoporoid and fhe sparite

infilling, (X10).

MICROFACTES TWELVE

C.

Reef limestone, (L-6AA), faunal debris now
constitutes over 75% of the rock. The
major constituents are bryozoané, echinodernms,

and Thémnopora debris. This is the only facies

where cement {calcite) is obvious, (X10).
Reef limestone, (L-2-12B), '‘same description
as L-6AA, however the debris size is much

smaller,'(XIO).
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PLATE 17




APPENDIX I

Measured Sections of Quterop
And Thin Section Analysis-
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APPENDIX IV
Fauna of the Formosa

Reef Limestone
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APPENDIX IV

o ]

Fauna of the Formosa

Reef Limestone *

ARTHROPODA
s .

Trilobita )
e z
Dechenella formosensis Fagerstrom

D. halli Stumm

" Echinolichas parallelobatus Fagerstrom

Mystrocephalia sp.

. M. stummi Fagefstrom

Phacops sp.

Phaethorides varicella Hall

Proetus crassimarginatus (?) Hall

ot - - - -
P. crassimarginatus brevispinosus Fagerstrom

P. microgemma (?) Hall

P.rowl (Green)
Ostracoda

Leperditia (?) subrotunda Ulrich

BRACHIOPODA

Ambocoelia umbonata (Conrad)

Athyris cora Hall

A. minuta Fagerstirom

4. vittata Hall

Athyris sp. ~

* Compiled from Stauffer (1915) and Fagerstrom (1961a)

-
~
2
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Atrypa reticularis (Linnaeus)
RAtrxpg sp. A Fagerstrom
Atrypa sp. B Fagerstrom

Camarotoechia ambigua Fagerstrom

C. formusensis Fagerstrom

C. lamellosa Fagerstrom
C. prolifica Hall

C. sappho Hall

C. tethys (Billings)

Camarotoechia SD.

Camarospira Sp.

Cranaena romingeri (Hall)

Craniella hamiltoniae Hall

Cryptonella lens (Hall)

C. planirostris Hall

Cymostrophia sp. A Fagerstirom

Cymostrophia sp. B Fagerstrom

Cyrtina hamiltonensis Hall

Elytha formosensis Fagerstrom

Funella lincklaeni Hall

Fimbrispirifer divaricatus (Hall)

F. tricostatus Fagerstrom

Gypidula comis (?) {Owen)

G. romingeria (?) Hall and Clarke

Kozlowskiellina submersa (Grabau)

Leiorhynchus laura (Billings)

L. mysia (?) Hall
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Leiorhynchus sp.
Legtaena'rhomboidaliS'(Wilckqns)

Megastrophia sp. A FagerstrOm
‘Megastrophia sp. B Fagerstrom

M. proxicostellata Fagerstrom

Meristella angustinuata Fagerstromw
\‘.

M. barrisi Hall 3

M. formosensis Fagerstrom

. nasuta (Conrad)

= 17

subrotunda Fagerstrom

Metaplasia uniplicata Fagerstrom

Nucleospira concinna Hall

Pentamerella arata (?) Conrad

by

P. grandis Fagerstrom

P. pavillionensis Hall

Pholidostrophia nacrea (Hall)

Productella spinulicosta Hall

Reticularia fimbriata (Conrad)

Rhipidomella cyeclas (?) Hall

R. vanuxemi Hall

Rhytistrophia cooperi Fagerstrom

Schellwienella perversus (Hall)

Schizophoria propingua (Hall)

S. striatula (Schlotheim)

Schuchertella varicostata Fagerstrom

Schuchertella sp.




q

226

Spinulicosta navicelTIa (Hall)

Spirifer divaricatus Hall

S. macrus Hall

Spirifer sp.

Spirifer sﬁ. A Fagerstrom
Spirifer sp. B Fagerstrom

Stenoscisma halli Fagerstrom'

Stenoscisma sp.

S. rhomboidalis Hall and Clarke

Strophodonta concava Hall

S. inaeguistriata (Conrad)

S. homostriata Grabau

S. patersoni Hall

S. perplana (Conrad)
Strqphodonta\?p. Cl
: N7
BRYOZOA

¥heilotrypa (?) sp.

Cystodictya hamiltonensis Ulrich

C. incisurata (Hall)

D

Fenestella sp.

Fenestella sp. cf. F. parallela Hall‘and Siﬁpson

Fistulipora sp.

Hederella filiformis (Billings)

Polypora celsipora (?) Hall

~ P. hexagonalis (?) (Hall)

Polypora sp.

2,

[
Qe
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Semicoscinium sp. c¢f. S. graniferum Hall and
. : ' ' Simpson
Semicoseinium sp.

Streblotnxpa hamiltonensis (Nicholson)

Sulcoretepora (?)} sp.

COELENTERATA
Anthozoaz

Acinophyllum mclareni

Blothrophyllum sp.

Cladopora cryptodens (Biliings)

c. labiosa (Billings)
C. roemeri‘(Biliiﬁgsj
,Cladopora-sp.
Cylindrophyilum Sp. éf. Cc. Efopinguum

-

Cystiphyllum vesiculosum Goldfuss.

Cystiphylloides. sp.

Depasophyllum sp. cf. D. adnetum
Diphyphyllum sp.

Disphyllum sp. A Fﬁgerstrom v

Disphyllum sp. B Fagerstrom

Emmonsia bacula (Davis)

E. emmonsi (Rominger)

E. radiciformis (Rominger)

Emmonsia sp. ¢f. E. bacula {(Davis)

Emmonsia sp. ¢f. E. rectangularis (Grabau)

Eridophyllum seriale Milne-Edwards and Haime

Favosites alpenaensis Winchell
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F. billingsi Rominger

g ]

, clausus Rominger
goldfussi d'orbigny
limitaris (?) Rominger

racidiformis Rominger

turbinatus Billings

Heliophyllum halli MilneZEdwards and Haime:

Heliophyllum Sp.

Heliophyllum sp. cf. H. incrassutum’

Heliophyllum sp. cf. H. verticale Hall

Heterophrentis (?) sp.

- Michelinia sp.

Siphonophrentis sp.

Romingeria umbellifera (Billings)

Siphonophrentis gigantea Lesueur

-
o

-Synaptophyvllum grabaul Fagerstrom

Syringopora crassata (?) Winchell

S. hissingeri Billings

S. intermedia (?) Nicholson

Thamnopora limitaris (Rominger)

i

Zaphrentis prolifica Billings
Zaphrentis sp.

Hydrozoa

Anostylostroma arvense (Parks)

~

A. arvense .densilaminatus Fagerstirom

-\3; Qonderosﬁm

L
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Stictostroma longitubiferum FPagerstrom
S. mccannelli Fagerstrom '

Stromatopora densi;amigata Fagerstrom

-S. monticulifera Winchell

S. proxilaminata Fagerstrom

S. pustulifera Winchell

Stromatoporella granulata Nicholson

S. monticulifera Winchell

Stylodictyon columnare Nicholson

Syringostroma ambiguum Fagerstrom

S. cylindricum Fagerstrom_

S. probicrenulatum Fagefstrom

S. sherzeri (Grabau)

Uncertain

Receptuculites sp.

Ehlerosospongia stellata Fagerstrom

MOLLUSCA
Cephalopoda

Acleistoceras sp. c¢f. A. hyatti

~ Brevicoceras sp. ¢f. B. conicum

Clostomiceras metula (?) (Hall)

Cyclostomiceras metula (?) Ball

. Dawsonoceras (?) sp. ¢f. D. americanum

" Exocyrtoceras minutum’ Flower

Exocyrtoceras sp.

Goldringia sp. ef. G. citum (Hall)

M



Goldringia sp. ¢f. G. ammon (Billings)

Poterioceras clavatum (?) Hall

P, conradi (?) Hall

P. raphanus (Hall)

Potericeras spn.

.Ryticeras citum (?) (Hall)

R. sp. cf. R. trivdlve (Conrad)

v
=

Ryticeras sp.
Spyroceras crotalum (Hall)

S. nuntium (Hall)

S. thoas (?) (Hall)

—

Tornoceras uniangulare (Conrad)

Trochoceras sSp.

Gastropoda

N,

Bellerbphbn SD.

Bembexia sulcomarginata (Conrad)

Callonema §bl

Cvclonema hamiltoniae Hall

Elasmonema bellatulum (Hall)

Elasmonema SP.

Euomphalus planodiscus Hall

Hormotoma maia (7?7} Hall

H. micula Hall

Lophospira adjutor (Hall)

Loxonema delficola Hall

L. lacviusculum Hall

A e Y
e xu.'.{‘h
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Loxonema SP. T Tt s o

Macrochilina hebe Hall

. _ o -
Mourlonia confertinemilata Fagerstrom

Murchisonia liﬁsléﬁi Pagerstrom

. Murchisonia sp.

Platyceras carinatum Hall

* P. dumosum rarispinum Hall

P. erectum Hall

Pleurotomaria filitexta Hall
P. plena Hall
P. rotalia Hall

Pleuroctomaria sp.

G

Portlockiella (?) sp.

Procrucibulum (?) sp.

Straparollus minutilineatus Fagerstrom

Straparollis sp.

Strophostylas varians (?) Hall

Pelecypgﬂf
/
Actinopteria boydi (Comrad)

Aviculopecten sp.

A. pecteniformis (Conrad)

Conocardium cuneus (Conrad)

C. Ohiocensis ngnrad) Meek
Conocardium sp. .

Goniophora hamiltoniensis Hall

Grammysia cuneata (?) Hall

e
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_Grammxsia SD.

Modiomorphia sp.

Mytalarea sp.

Nucula sp.

. Nyassa recta Hall

Pterinea flabellum (Conrad)

Pterinopecten insons Hall

P. intermedius (?) Hall

Sanguinolites sbp.

2l
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