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visible diameter and the f'ive largest corals were measured 

every ten f'eet,l 

Paleofavosites were found to incorporate micritic mud, 

shell, and organic debris into its framework. This periodic 

dumping of organic debris has caused distortion of the 

· corallites, resulting in crowded septa and in some cases, 
' I 

stopping vertical growth. 

Tabular stromatoporoids are present as wrinkled, 

convoluted structures which also show the effects of sedi-

mentation. Crinoidal debris has often caused the interruption 

of growth of the stromatoporoid, and debris is found wedged 

in cracks within the stromatoporoid. 

In the lower biohermal layer; other fauna also existed 

as an intimate part of the reef community. The rugose corals 

Enterolasms, Streptelasma, and Palaeophyllum also made a 

major contribution to the buildup of this bioherm. 

In between the larger dominant corals, other organisms 

survived and were protected from the waves. Samples of the 

conulariid Eoconularia were extremely well preserved, and 

were found in abundance. Populations of gastropods and 

brachippods also survived here but they were found to be 

poorly preserved. It is likely that their shells were 

fragmented, which provided a cementing material to pind the 

reef together. In green shaley layers on the reef front, 

bryozoans (Fenestrallina, Helopora, and Pachydictya) and 

brachiopods (Strophomena, Rhynchonella, and Leptaena) and 

• .. 



•11'\.. 

.. 

MANITOWANING BIOHERM 

~ ~ PALEOFAVOSITES 

. ~ PALAEOPHVLLUM 

@ ~ CRINOZOA 

.Q BRACHIOPODA 

~ GASTROPODA 

{) 

© ~ 
~~~~ • 

~ Na © 

G ' . ,, <180 . ; - '160 • - i140 r '~1 20 

NORTH 

, SOLITARY RUGOSE 

/ NAUTILOIDEA 

I CONULARIA 

~ STROMATOLITE 

~ STROMATOPOROIO 

~ 

b 82611 (j 

'.100 . . .so ' 

(FEET) 

A, SUPRATIDAL 

B, BIOHERM-SHALLOW 

82 BIOHERM- DEEP 

~ 

60 

~ 

$ ~ 

~ 

~' 
40 

DIAG. 2 

~ @ 

20 

I 
N 
VJ 
I 

SOUTH , 



-24-
PALAEOPHYLLUM 

PALEOFAVOSITES 

DIAG. 3 



-25-

CALYMENE NIAGARENSIS 

EOCONULARIA 

DIAG.4 

CLATHROPORA 

ENTEROLASMA 

/ 
/ 



-26-

even the predatory trilobite Calymene niagarensis were found 

to be extremely w~ll preserved. Within the reef structure 

itself, dolomitization has prevented the recognition of many 

of these invertebrate organisms. The rugose coral Palaeophyllum 

seems to have gradually replaced the tabulate coral 

Paleofavosites, in its role as a framework buiider, towards 
I 

the top of the section. The presence of this coraf will be 

used to define Gill and Briggs" organic reef. Also associated 

with this section are the massive stromatoporoids found in 

the lower bioherm core. The structures are bound by crinoidal 

fragments and other skeletal debris. Much of this fine mud-

stone has been burrowed and bioturbated. 

The upper supratidal cover complex, is as might be 

expected, charactetized by an abundance of stratified algal 

stromatolites. Crinoidal debris is also abundant here. No 

intact 'lillies' were found, so differentiation between 

Crinoidea and Cystoidea was impossibl~. 

c) Interreef Area 

Shaver (1974) and Wilson(1974) have both described the 

presence of an interreef region which is intermediate between 

the organic reef buildups and the carbonate platforms. The 

interreef materials have a wide variety of textures which 

range from mudstones to grainstones. Most debris is biogenic 

and results from the breakdown of organisms growing on top of 

the pinnacle reefs. At section six, there were three distinct 

, .. 



-27-

Pl-IOTO 2 
layers. (~iagram ) The upper layer consisted of wavy 

stromataperoid .layers and the coral Paleofavosites was found 

randomly overturned. Below this no stromat6poroids could 

be found; only crinoid debris mixed with micrite. Again, 

small overturned corals occurred. The lower layer consisted 

of only crinoid debris and micri te. It is suggested that ..:. _ 

the lower two layers may be the interreef sediments and the 

platform stromatoporoids overlie them. 

d) Carbonate Platform 

The carbonate platform sediments consist of extensive 

flat lying stromatoporoid beds. They are thick and uniform. 

The shallow area of deposition has allowed finely crystalline 

micritic dolomites to be mixed wit~ the stromatoporoids. In 

areas, the beds have been highly bioturbated. Bioturbation 

has produced a mottled texture where stromatoporoids have 

completely slumped. The large tabulate Paleofavosites is 

often overturned. Heavy storms may have washed in the corals 

and deposited them in random positions. At other sites 

fa~ther north, large populations of brachiopods have been 

discovered. (Liberty and Bolton, 1957) 

A. microfossil breakdown revealed the presence of siliceous 

sponge spicules, along with Bryozoa, Brachiopoda, and Annelida 

fragments. It is known that organisms of the above phyla 

live in warm, shallow sea environments. A. calm water 

environment was also needed by these phyla, as agitated 

, .. 
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sands and muds tend to clog up their filters. (See Appendix 

I for Complete list of Fossils) 

PALEOENVIRONMENT 

Lithologic, paleontologic and structural evidence 

define .the li thofacies and biofacies in the Manitoulin 

Formation. 

The large carbonate platform represents rapid carbonate 

accumulation on a shallow tidal flat. This passes laterally 

into a high energy marine environment and finally drops off 

into a quiet open shelf. The faunal changes across these 

facies reflect variations in nutrients, turbidity and salinity, 

which are controlled by the water energy and water circulation 

(Laporte, 1969). Faunal zonation within the Mani towaning 

bioherm. reflects the lateral facies changes. The structure 

probably reached a maximum height of twenty-five feet, growing 

in relative turbulent water. The colonial coral Paleofavosites 

which formed the central bioherm core, grew in slightly 

deeper water and Paleophyllum in shallower areas. Crinoid 

debris forced the corals to grow rapidly upward to . maintain 

the polyps above the fast accumulating sediment. The 

carbonate accumulation may have exceeded the rate of 

subsisdence which caused a local regression. The reef 

[ .. 
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growth stopped as the result of this shallowing, which 

eventually led ·to the U-epositionoof·cthe supra tidal complex~ 

The association· of marine sediments and shallow water 

stromatoporoids on the carbonate platform and in the bioherm, 

sho"w that there was a periodic .shifting of the relative 

sea levels. 

HYDROCARBONS 

a) INTRODUC'.DlON 

Most petroleum is · found in marine rocks. There are 

many biological and geological factors which control the 

amount of oil and gas that can be formed and subsequently 

trapped in sedimentary rocks. 

The wealth of phytoplankton in marine basins governs 

the amount of hydrocarbons released to the sediments after 

deposition. With the high abundance of floating plants and 

organisms in modern tropical marine environments, it is 

assumed that the reef complex of the Manitoulin Formation 

was also rich in phytoplankton. When the organisms die, 

their soft bodies decay, releasing organic carbon chains 

to the sediments. The organic material is then captured 

and preserved in the rapidly accumulating carbonate 

sediments. 

.. 
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During diagenesis, the .hydrocarbons are squeezed 

into voids or pores wi~hin the rock. These may simply be 
, . · 

intergranul_ar spaces left after compaction of sediments, or 

pores within and between fossil shells. The availability 

of pore space is often defined as the number of inter­

connecting voids. The effective porosity, or permeability 

of the Manitoulin dolomites was me~sured mainly by ' i~ternal 

pin point vugs. The diagenetic process of dolomitization 

contributes to what is commonly called secondary porosity. 

It is because of the thirteen per cent volume reduction in 

the alteration of limestone s to dolomites that dolomites 

are generally better traps . 

. Rapid subsidence causes the beds to dip steeply 

towards the centre of the basin. The hydrocarbons then 

migrate 'upwards; parallel to the beds until they become 

concentrated in organic reefs or addumulated under im-

permeable layers which prevent their escape. 

b) METHODS 

1) Weight Per Cent Oil and Water 

One hundred grams of each sample was crushed and 

placed into a retort cup. The cups were then placed into 

a conventional retort. The oil and water contained in t the 

pore space was driven off and recovered in calibrated 

receiving tubes. The amount of oil and water recovered 

represents the bulk weight per cent. 

.. 
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ii) Porosity Measurements 

Prior to the oil - water analysis, representative 

pieces of approximately 10cc in volume were removed from each 

sample. These pieces were creaned of all oil and then dried. 

The samples were then placed individually in a mercury pump 

and bulk volume was determined. The pore space was measured 
I 

by the expansion of gases method in this same mercury pump. 

In this method of determining the bulk and pore volume, it 

is impossible to account for the external vugular porosity. 

Therefore, porosity values reported are measurements of the 

matrix of the core samples, and of any internal vugs. 

c) RESULTS 

The oil recovered by retorting appeared to be comparable 

to that of s-ome tar sand :~ oils with a gravity of 10 to 20 API. 

(As described by Core Laboratories) This assumption was 

not confirmed, as the high temperature used in retorting 

would have caused cracking of the oil. 

The average porosity of dolomites from across the 

island was 4.4% of the total rock mass. The maximum value 

of 6.6% was reached in section five, but some local spots 

in the bioherm were higher. The average bulk weight per 

cent of oil across the whole island was 0.1%. Average water 

content across the island was, with little variation, 0,3%. 

The porosity of the sediments across the Manitowaning 

bioherm showed a wide range. This could be accounted for, 
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by considering the average grain size of the original particles 

used to cement the framework together/ Similarly, the 

greatese amount of oil corresponded to the most porous 
GRf/PH .3 ~ 't 

rocks. (See ~iagram ) 

It is interesting to note that both the porosity and 

the bulk weight per cent oil increase near the fracture 

zone in the bioherm. A comparison of the porosity and 

petroleum content in the bioherm binding sediments, the 

tabulate coral Paleofavosites, and the rugose coral Palaeophyllum 

showed the framework corals to be saturated with respect to 

the binding sediments. However, although Paleofavosites has 

a greater porosity than Palaeophyllum, there is less 

petroleum in the voids. 
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This might be explained by the fact that Palaeophyllum has 

smaller chambers then Paleofavosites, but they are more 

numerous in the Palaeophyllum. (See Diagram j ) 

This would allow more petroleum to be contained within 

Palaeopbyllum, giving it a greater bulk weight per cent. 

A statistical count on the orientations of the tabulate 

coral Paleofavosites shows that the petroleum has a ' 

tendency to accumulate in corals that are positioned in an 

upright orientation. Those that have been overturned, 

seldom contain petroleum. 

d) DISCUSSION 

The quantities of petroleum found in the Manitoulin 

outcrops are the remains of the organisms that once survived 

in the tropical waters. The majority of the oil in the 

bioherm is trapped in the chambers of the larger framework 

corals, although smaller amounts are trapped in the sediment 

pore spaces. There appears to be no economic future for 

this particular Silurian bioherm as the petroleum contents 

were considerably lower than might have been expected. 

Because the Manitoulin Formation is part .of a gre.at basin 

complex, the hydrocarbons fou~d here have probably migrated 

upwards from greater depths. Perhaps future sub-surface 

drilling will reveal greater accumulations in other similar 

Silurian bioherms. 

It was noted that both the porosity and oil content 
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increased near the fault zone in the biohenn. The faulting 

likely loosened the surrounding carbonate matrix making it 

more easily accessable to oil The fault zone itself may 

have provided an effective channel for the petroleum 

migration. In many cases, the oil was found closel.iy;r 

associated with calcite. This suggests that the petrolaum 

may have come in with the solutions that deposited 'the 

crystals. The hydrocarbon measurements taken from the 

Manitoulin dolomite may not be considered a true represen-

tative sample because the number of samples taken had to 

be limited. 

' ' 
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APPENDIX I 

FA.UNAL DIVERSITY 

Hyalospongia 
Demospong ia 

Conulariidae 

Paleofavosites 
Paleophyllum 
Enterolasma 
Streptelasma 

Helopora fragilis 
Pachydictya 
Fonestrellina 
Nemaropora 
Cheilotrypa 
Clathropa 

BRACHIOPODA. 

MOLLUSCA. 

Atrypa 
Dalmanella 
Leptaena rhomboidal is 
Platystrophia 
Rhynchotreta 
Strophome na 
Rhipidomella 
Camarotoechia 

Bucanella 
Michelinoceras 
A.ctinoceras 

J ~-
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APPENDIX 

II 

,1. 

SECTION POROSITY BULK WEIGHT 
PER CENT PER CENT 

OIL WATER 

Man - s10 8.1 0.0 0.3 
Man - S20 3.8 0.0 0.3 
Man - S30 2.4 O.J 0.2 
Man - S40 J.2 0.0 o.4 Samples 
Man - s50 4.3 0.3 0.3 Across 
Man - S60 J.2 Trace 0.1 Bioherrn 
Man - s72 5. 0 o.6 0.2 
Man - S80 9.1 0. L~ 0.2 See Map 
Man - s90 12.7 1. 2 0.2 oP 
Man - s110 1. 7 Trace 0.2 B1ohert1 

Man - s164 7.6 Trace 0.2 

Man - #1 2.6 Trace 0.2 
Man - #2 3.0 Trace 0.3 Sample 
Man - #3 5,0 0.2 0.3 Sites 
Man :.:. 1:#5 6.6 0.2 o.4 Across 
Man .~ : #6 5.8 0.0 O.J Island 
Man - #7 3.3 Trace 0.3 

s - RV1 8.4 0.9 0, I+ 
s - RV2 12.8 1. 0 0. 2 Palaeophyllum 
s - RV3 17.4 0.8 0.2 

s - TA1 20. 2 0.9 0.2 
s TA2 22.1 0.5 0.2 Paleofavosite 

• s - TAJ 23,3 0.5 0.2 

Man - MA1 3,3 0.0 0.3 
Man MA2 . 3.6 0.0 0.3 See insert Man - MA.4 3,7 0.0 0.1 Map 'f Man - T1 12.8 0.2 0.2 
Man - V1 4.7 Trace 0.2 

·~ :~ . 
I f ,.:k; 
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