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ASSTRACT .

A study by detailed microscoric and macro-
scopic izaminations 1s made of the qisposition, comp-
osition &nd texture of chert in the Fossil Hill

dolomites.

Chert is well. developed as nodules and lenses, . -
irregularly-shaped, but conformable with‘thé bedéing in |
the interbdiokermal facies of the Fossil Hill bioherm
complei. The facies select1v1ty of the cherulfféatlon
is believed to be 2 funection of the porosity, compactability
and organic content of the original sediments. It is post-
uléted that organic'matter is a controiling factor in
chert deposition.by its ability to influence the pH of
iﬁterstitiai water. Nodules and lenses of chert form by
accretion at si;ica~rich centres,‘randomiy:distributed in
the sediment and localized a2t concentrations of organic
matter. Remains of siliqiéus organisms dissolved in
interstitial water provide the necessary:siliCa for chert
formation, A theoretlcal model for epicontinental clear

water sedimentation nronosed by Irwin (1965), and a ,

N\)ﬂodern analogue, used for comparison- with the Fossil
Hill bioherm complex, are found to be applicable only %o a

limited extent. A discussion of ancient and modéfnﬁmodels



. ﬁ. B " : . .
for the genesis 'of chert results in the ancient mecdel
being favoured for relation with the Fossil Hill

environment of chert formation.

The repla&ement nature of the chert and its
time of origin early iﬁ the diagenetic history of the
‘host éarbqnate. prior é; lithification, are inferred by
the recognition, in‘thin éecti&n, of silica void-
infilling and replacement fabrics. Sequencg.of replace-
ment textures, dolomite rhombs éross-cutting_and
encroaching on sili;a fabrics, indicate that silificatign

vreceded dolomitization.
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, - CHAPTER )

) INTRODUCTION | \

A, Gereral Statement

¥anitoulin Island lies on.%the northern rim

of the Michigen Zasin. It is a part of the Niagars

escarrment, a broad arcuate telt of rock extending from

east-central New York State through southern Ontario
and ¥anitoulin Island into northern ¥ichigan (Fig. 1).
The escarpment exposes rocks of Lower and Middle

; - .

Silurian age. On ¥anitoulin Islzghc thére are extensive

‘exrosures of the Lockrert Formation (¥iddle Silurian),

. and, especilally, of the Fossil Hill Member of this

j= 3

Tormation. These exposures of Fossil Xill strata, wit

treir widely developed chert nodules ané lenses, permit

L

etalled examination ir the field of this member.

-

. .Previous WwWork

Studies of the stratigrathy and palaeontology

-

¢ the Lockport Formation of Manitoulin Island kave been

carried out by Zell (1566-1869), Bolton (1654, 1957,

-

1662), Liverty (194°), Sanford and foseley (1954},

“r e

Shelden (19£€3), and Wii1l

=

ams (1912, 1513, 1919, 1937).

Many of these recvorts note the oresence cf ncgdules zng



S

. . dYW X3aNl ‘'t 3unoid
0L6l 100N08 ANV _AHHIE WOYd a3ldvav Ty .o
: Mmos\. - moel
‘G M 17— —
SHALANO 00z o00f
dOodoLNO

. _ ;
mw.:.iom- om_u_, 09 0O

Nov
. Y
INvI
O1YVLINQ
N3fAduy0S3 YH¥OY
<~ VINSNINId 3DnH\
NGV GRVIEL NITNOLINVW »

~

——

Nvidntis |

. e —mm.
—————————
e

ANV

e ) . b}

tn



lenses of chert in rarts of the Lockypo -sf&ata,'but no
detailed study has been made of the occurrence of this

chert.

©. Ctbjiectives of the Fresent Study ' -

The presert study involves 2 detailed investi-

* w

fatlon of the chert bodies of the Fossil =ill Nember of

the Lockport Formation. * The cbjectives of the study are
tc Qetermine the disposition, composition and: texture of
the chert bodies, and to deduce the source .of silica for

chert Tormation, and the time and meckanism of ckert:

‘emvlacement irn the original ‘carbonate sedinments.

J. Qutline ¢f Frocedure
-
C ers of Fossil Hill recks were traced freom

the Wikwemikons Reserve 2t ~he-eastern end, tc Mississagi

‘ligkthouse 2% the wes+ ern end of Janitoulin Islang, a

¢}
'Il
[4]
rl
fD
8]
Y
rm
<
2
,J.
l-l
D
0

tv T (Flg. 2). 4ilong this distarce

of eighty mi-es. sixteen localities were chosen as

¢cllecting sites, and for more detailed examination,
Farticular attention was paid at the sites to lithology,

occurrence of chert in the section ang fossils. These

include the Fossil Hill type locality at

b~
o]
s
P
®
4]

.

M
[
j—J

~

;fove, Ljés ig. 2). Sixt

<

thin sections were cu+

rom ranc samples from uhe localities. 4 masceration

AW
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>

‘rrocess was used to collect microflora from the chert.

Cne hundred and fifty vhotomicrograchs were taken in
order to compare fzbrics, textures and enclosed fossil

material of the samples. Thin sections of the.cherts,

aH]
4|

.
ct

0 2@ lesser extent, of their enclosine doleomites,
were studied. A description of  each ‘was written with a

view to intervretins both the environment of deposition

.

o5

and the diazenetic history of the chert.

"o

Arvendices inclucde "Collectins Zoccalities"™, *
"Zlossary of Terms”™, "Thin Section Descrigtions” and

iilcrofacies Descripticns".



CHAPTER II
g. | - -
' II.Geologic Settirg

A. General Statement

The Lockport Formation of Middle Silurian age
is a part of the \1agava esca*nment which extends from
New York Staue into Wisconsin arourd the margin’ o‘ the
modern Great Lekes {Fig. 1), In the Manitoulin Island
area it is composed essentially of dolomite rqcks which
strike in an east-west:direction and'dip'southwesj into
the NMichigan 3asin at approximately thirty-five feet per

mile,

3, Strafigraphy

Stratigraphically Maniteoulin Island ocdupies

an iIntermediate position between the Silurian sectioné of
¥ichigan and the type localities in‘Easterg Ontagao_and
New York. The stratigraphic nohenclature and correlation
chart for the sections on Manitoulin with the sections

in Northern ¥ichigan and Ontario-New York, as nrooosed by

Liverty and Bolton (1971), is shown in Table I. This

chart has been zdozted for this paper.

The Lockport Formation, on Manitoulin Islzand,

consists of three members, designated, from oldest to

5 =
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youngest, the Mindemoya, Fossil Hill and Amabel Members.,
These Members were originally given the statﬁs of.
Formatiéns (Bolton, 1957), but wefe reassessed as

Members 1, 2 and 3 of the Lockport Formaﬁion by Liberty
‘and Bolton (1971). This reassessment seems appropriate
tecause of the interlensing and gradatioral nature of the
contacts betyeen these Members. here appears to be no
breaks in Lockvort éedimentétion om~¥anitoulin Island.
However, the names ""1ﬁdemoga "Fossil Hill" and
"Amabel” gre firmly entrenched in the literature and they

have, therefore, been retained in this paper.

C. Lockport Formation

'Jl

The stra igraph

cutline presented below of

the Lockport Formation, and of its Members, is based

mainly upon the-work of Bolton (1957, 1963), Covper (1671),
Liberty and Shelden (19€8), Liberty and 20 1tor (1971),

and Williams (1912, 1919 193?)

The term Lockvort Formation, on Manitoulin, is

abplleé ‘to the strata located above the Tabot Head Form-.

)

tion, and ifs St. Edmund Member, 2hd below the Cuelph

U-.J

ormation (Table I).

.

Lockport outcrops from Wikwemikong.Reserve (1371),

1)



o

to Meldrum Bay (1L360), Manitoulin fsland, are depicted
irn a series of li;hologﬁg columns (Fig.3 ). These
columns may be coordinatedd with collecting localities
shown in Fig. 2. The lithographic columns are .somewhat
Schematic because contacts between the Nembers are

frequently hidden and no outcrops occur‘where all three

Nembers can be measured.
U. Subdivisions of the Lockport Formation

The subdivisions of: the Lockport are shown in
Tatle II. The tefm "biohe”m*, as a synonym for "reef" is
retained in all references te Lockport Vembers because it
is the term commonly used in the literature for the des-
cription of the Manitoulin Lockport. A "Glossary of‘

Terms", appears in Appendix II.
(2) Amabe)l Member

The Amabel Member is a reefal complex consisting
of blostromal, biohermal and interbiochermal /fecies.
Thickness of the Amabel is about 150 feet wﬂere the bip-
herms are developed, but flank areas may be only 50 feet
thick., The Amahel is correlated with the *ngadlne Form-

ation of Northern Kichigan and the uppermost part of the

Lockport to the south of the Bruce Feninsula,

B
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L

. (b) Posspl Hill Member .

The Fossil Hill Nember occurs in biohermal,

.interbiohermal and biostromal facies. It increases in

‘thickness from.south to north, from an average of 12-20

feet on the Bruce Peninsula to 50-90 feet on Manitoulin

Island. The Fossil Hill Member -is consideregd to be the

equivalent of the Manistique Formation of northern

Michbgan. Southward from the Sruce Peninsula, it has

been traced into the Reynales Formation of New York State.

The Fossil Hill Member is characterized by
interfingering devosits of biohermal and_interbiohermal
facies. The biohermal facies may appear massive, with
horizontal jointing being the only visibie 6utcrop feature.
The low relief of bioherms, probably less than ten feet
during  their time of deposition (Copper, 1971), makes it
difficult to separate biohermal from inferbiohermal beds.
williams (1913), described the Fossil Hill type locality
as 2 "coral reef". A road cut here reveals horizontally-
tedded strata and it is felt by the writer thaé.,due to
the nature of tﬁe'beds, and the lack of mound-like struc-
ture, that éhis is, instead, 2 coral biostrome (Plate, S
:ig.tz).. The most extensive Fossil Hill exposures .

represent interbiohermal beds which are conspicuous for

[
-
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their development of chert in nodules and lenses and

thelr highly fossiliferous content.

Coral biostromes tend to be located low in the
Fossil Hill sections, but slightly higher than biostromes
of penf%merid brachiopods which occur just above the
contact with the Mindemoya Member. |

(¢) Mindemoyz Member

The ﬁindeﬁoya Member consists of platy, thin-
bedded, white-weathering sublithographic to finely crystal-
line dolomite. This Nember is believed to be. the lithic
equivalent of the Byron Formation of Northern Xichigan,
Southeast of X¥anitoulin it thins and pinches out within

fifty miles.

The above interpretation of thé Hembers of the
Zockport Formation on Kanitoulin Island is the genefally
accepted one. Another ratiher interesting interpretation
of the entire Niagaran sequence for Manitoulin is put
forth by Shelden (1963) based on his study of insoluble
residues of Nizgaran sediments. He suggesfs that the
entire Niagarah sequence (Dyer 3Say to-Amabel) (Table III)
of the northern rim of the Michigan Basiﬂ belongs to one

.. large transgressive littoral-lagoonal-biohermal complex.

The Amabel thus becomes the biohermal, the Fossil Hill,

13

oy

X or



the back-biohermal, and the Mindemoya-St. Edmugd. the

’

. Y
lagoonal facies of the complex. ~The writer feels that

there is some merit in this intérpretétion for the

' following reasons: (a) Sanford and Moseley (1954) des-
cribe the Manitoulin region during Niagaran times as
being the northern marginal rim of the Michigan Basin
covered wifh Sea water, the eastern shoreline of which is
migrating eastward. The character of the sediments is
controlled by transgressive or regressive fluctﬁafions'of
the strandlinme. The locally developed Wingfield and Mind-
emoya lagbonal facies may be a result of rapid facies
changéé at;this'stréndline. The iagoopal sediments are
'qverlain by those of the bioherm complex which results.in
a vertical cblumn-of laterali}lequivalent facies, =2
situation consiétent with a2 transgressive sea ﬁargin.

(b) The Manitoulin Middle Silurian section is different

from the time-equivalent (and possibly non-marginal)
. A

section to the south where the Possil Hill Nembers overlies

the iower Silurian (Ziberty and Bolton, 1971). (¢) Trans-
itional phases are evident between the Mindemoya-Fossil
¥ill and Fossil Hill-Amabel Members. There are no major
siratigraphic or faunzl breaks in the Niagaran intgrval
(Liberty and Bolton, 1971). (d) Wuch of the Fossil ¥ill

strata is horizontally bedded, biostromal rather than

i

| B
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b*ohermal in character which is not 1nCOﬂSlStEWu with

its interpretationAas bacx-blohermal beds. (e) Cherty

éarbonate veds similar in‘litﬁology and féuna to those
of the Fossil Xill, overlie Amabel biotherm core beds

along the south shof; of Manitoulin‘lsland. It is

rossidle, according to Shelden (19£3), that

‘)‘

ey

rerresent fo*e b*ohe-n detritus.,
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STLURIAN

1
-

MIDDILF

Beds

- .

"Sediments

Guelph

grey to brown dolomites (thin
to absent)

Amabel

Wenlockian

light grey, fine grained dolomites:
biostromal, bichermal anéd inter-
~bichermal facies

Fossil Hill

brown, fine and medium cryvstalline
dolomite; biostromal, biohermal
ané interbichermal facies

. Mindemova light grey, thin-bedded,-  sub-

“llhhogranhlc to llthograahlc
colow1hes

SILURIAN

R

)
)

LOWE
Llandoverian

Upper

Middle

Cabot, Head

t.Edmund Member: brown, finely
crvstalline
édolomite

Wingfield Member: green ané grev
‘ dolemite
thin shale
partings

Dver Bay Member: brownish grev-
bluish grey
dolomite,
ripple marks

Cabot heac Member:greenish-grey
and red shale

Lower

Manitoulin grey, fine-grained to dense;

_biostromal in upper strata

N/

Modified from Copper (1971)

Table III. Silurian Stratigraphy Manitoulin Island
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Shert
A. Mierosceorie Zxamination of -Fossil Zill hodular Chert

In general, thin sections of the chert show that

it is 2 fine-grained, dense material consisting largely o=

chalcedony and zus-+-,
1. Imourities in the Zhert
Cloudiness inm paris of the +hin sections, and

in ncdular chert of a similar nature by EZlatt et a2l (1672).
Zaird (1925) found the same tyre of foreizn material of
dust-like fineness"™ in ancasternnodular cherts, The
rermains of soft parts of organisms arke rresumed to ke

- .

the carbonaceous traces.
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2. Silieca Favries in the Cher+



Two processes are involved in producings
silice fabrics: (a) the dissolution of orimZinal minerals

and arowth of the rerlacement mineral in the small srace

m
3
(¢
(9]
™

"rowih o crystals ir vre-existine void spaces,

~

microfibdrous

'y
n

-we tetrogravhic end memrte
chzlcedeny and microcrystalline quariz,make up the silica
fadrics. is Felto (1236) hnas peinted out,there is ne
shary break beﬁwee: guartz and chalcedony, chalcedony may
srade intc guartz, zané classificztion may somet imes be a

matler ol verscnal preference. -

frours, velicd-infilling fabrics, and revlacement fzbrics.

“he cescriptions cof the fabrics zre “roadly based on the

f

and Wilson (1%4£). Terms used to descride the febrics ar

used Irn the sense of Crme (1S74)., 111 of <he “atries

2. ¥icrodrusy Chalcedony (Chalcedonic Quartz)
Yicrodrusy cralcedony occurs most frecuently as a lining

r
L

of rrimary or secondary cavities ang infilling spaces

clx arnd Wezver (1632), Crme (1S7L), Walker (1cé2),



leredrusy chalcedony may Sradé= into microcrystalline
quart:.or drusy qtarté ﬁosaic (Plate 1, Tigs. 1, 2).

2. DJrusy Quartz Losaic

Zrusy gquartz mosalce c0nsiét5‘of ecuant,

annedral cuzr®t:z corystals which increase regularly in size
away from cavity w2lls and the cuter edges of tloclasts.
It occurs zs an infiiling Tetween :ticoclasts, a2né of small
veirs (Flate 1,figs. 1, 2).

3. Comvesite Veoicd-infilling Fatric

B very commen composite infilling fabric, con-
sists of ar area of cruéy quartz mosaic bounded oy micre-
drusy cﬁalcedony. This faztric lirnes caviiy wells or
surrounds oiceclasts {FPlzte 1 fig. 2). The texture c¢i this
compesite fabric may be very fine teitween small fessil fraz-
ments or coarse, where larger cavity-infilling has taken

nlace,

atpear to be arranced normal

allcchems. Chalcecony 1s describe

by Folk and Weaver (1932) as beine composed

crvstzls of guartz with Sub-r;p:oqco;*c, wet
Tores of =2kout 0.1 micron diameter.. It oeccu
lites cr as colloform 2ands. It is orticall
fitres tc cavit

p-1
]
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considered by Crme (1274) and Tarr (1824

slower crystalliza+ion than the microdrusy chélcedOﬂy.

“hether a void hecomes cccuried solely by one or the othar

T2bric is 2 mztter of sneed of crystallization of the
silica, which is related to the dimensions of the voild

. o
ant zmount of il

nedular ghart now im Trosrage, *
In reviacement fairlas the only differerce

- - - - .

~ERWean Trne cusrts oo gzl in rel.izcement TnIZrocrrstellise
Semet T 4l L P - + . - H

TUArTZ e mMETriN 20l rerlzscment SUErTZ in The “ip-

AT n : 4 . S - I3 e, e

tiz2gtg, i1z in sizey ~N18 '81ze glfiferenmce in om FTaLg makes

impure matter and the cuariz crystals repiacing the calcite

slcrocrystalline quartz is the commonest revlace-"

ment Tatric found in the chert samples. Folk and wNeaver
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(1252) have shown fronm electron microscope examiration

that this fabric 1s comrposed of distinet, solyvhedral,

eqguant quartz cryvsials which show uidulatory extinction.

Tre :inest of t;ese crvstals may :réde into cry:tocrystai—
line guartz which does not show op<ical pronerties.' This
microcrystzlline quartz forms the mairix of most of the
therts ang regvresents the replacement of the orizinal
micrite {(Flame 1, fis. 3).

1. Pseudeodlrusy uertz osaic
This febric resembles drusy quartz mosaic but

. i1ts censtituent crysiels are usually larger and increase in

size inward from the boundaries of “he bioclasts. It is
Trecuently seen in trachicpod shells zndé sponge snicules
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shell. Such crystals have crown with treir c-axes

nermal to 2 solid surfzce. Under croSsed volarizers one

3]

ees "marchins men" pa2ss the -5 cross ha?r aé iﬁdiviﬁual
crystals S0 o extinction. The size of‘fhe cuartz cryétals
then Ingreases a=gd The ¢crystals Tecome egquant and anhedral
inwerds (Flate 2, fis. 1). 7Tris demoms+trates a re;lacement'
Tatric by its relation to vold-exfilling fabrics. 2nd bia-
clasts, There is a2lmost alwavs a band of mi rocrystalline
guartz between the replaceé.shell fragment and the zone of
microdrusy chalcecdony. Cn the other nand; veilcd-infillin-
:icrcdrusy'chalcedony_passés directly inté the'void-.

infilling drusy cuartz mosaic (Flate 1 Tig. 1), .

& crystalline guart
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1ls where
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rvseudomorohs orisinal fitrous structure (Flazte
In-order o vreserve =zhe

wz.ter must ne in dellicate

Secuence of Fabric

to De similar %

susrested by Felto (1¢3€) from chzlcedony %o
1,fiz. 1). Recent studles of deep-sea cheris i

Treserved,

o]

silica

balance so.

another a2t

sequence of phzses of
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commences het <! i 3 .
eiween the calecite laminae and prisms of

nentamerid shell F : '
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vany of the fossil comronents are rnot iden

ot
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latle ‘"tecause of silica placeﬂe.u. The most avundant,
*eco~ﬁ*~ac_e components aresshell fraszments of ventamerid .
crachicrvods (Plate 2, fiz.3) (Flate 3, fis. L)y momaxon

ig. %) Dbryozoan and crinoid frasments (Flate 1

iz 3 Q**o"a.o“o ©ids similar *to Zlathrodicivon (Flzte
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Tellets, poorly consolidated agsregztes 2ound by

organic matter, round %o oval in shave, 2dd o *he mottlin

t
m

o the chert (Flate 3, fiz. £). When seen in thin section,

the decomposed organic compounds arypear zs dense dark

N

films ofr.paque matter . ceating allochems, or as opa@u

material intercazlazted with silica fabrics (Flate 35, £
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This i1s a2 common a2ssociation in the cherts. The opacl
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the orzanic remains maxes intervretation of its sitruciture

cmns — . . . N - s
if7icult. The orsanic matter znd ubicuiteous ferrurircus.

materizl stalin many ¢f the microfabrics brown or yvellow-

- - A -
Z. senr?l JCouIrenges oI Jhert
~ T 4 -+
. s2nrersa SLEeementy

. - PR -~ . - - a .
Anclent occurrences i gnhert have Teen Cls-

lterature 2s teins gither bedded chert

— h e M A —~ - - < - >
2riorate . .IrocLs. A Jreav deal of recent work has

Orilling Project (332F). Crert in tke Facific, ftlantic,
Indian and Soutnern (Cceans is revorted by Xeene and
Yastrner {1c7%} as éccurr;ﬁa Toth 2g nodules znd lenses,
gand 2s leyers. ~ssoclated sediments Include carbonzte,
Ziggenous silicz, Trown clay andé velcaznic zsh, To Zis%t-

followinz the definitions rproposed by Sunbar and Rodgers
(1%357) anﬁ seatnh and loterly {1871) whiéh zre cited by
Wise and Weawver (1¢74). They define nodulzr cherts as

those whichn occur in carbonzate host rocks whereas bedéed

cherts occur in siliceous segquences.
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are: (1) <he ocourrence of chert Tissures in iivestone;
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(11} the wvery irresular shzpe of some chert nodules:
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Silizaz was deposited in the carbonete sediment 2né re-
arrznced bty dlagenecsis cefore the lithification of *he
sediment. The silicz revlzced the matrix, and en cTOSec

retiaced crganisms, in
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in Interbiohermal. rather than nioherm a2reas suTSesting
Sar.y clasenetlic centrel by sediments {see -3, elow):
v 5 - s - - &~

v nefules znd lenses of chert occour 2lons, or hetween

v ite mmA it 3 ~a’ Jmar el AawA 3 1A 4
4MiTE 3nc siilc2 ~el vinched and swelled alens beddinr

73 (&) lzminae of stromaiororoids wass from cartonzte

inte <hert wizthout inferruriion; (e)ticgliastic Trarmen
=27 2 seen Lyinrs 2cress *the junction tTetween chert ang
czrrtonate (Flate T); () inclusions of crizinal, caleit
gnd calcite "sheost” fatrics remain in chert matrix {Fla

"

2, Tim. Z}; (7) the preserva%ion of =i roscortic or~ani

b
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.. slllca coalesced in v
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Yemdber vrecludes a2ny sources of inorsanic silica from
siliceous magmas or siliceous strings, and from circula-
ting sroundwaters movinz downward through overlving
siliceous rocks. An reanig source of silica from -sponse
spicules has been cited z2s the source of silica in 2
number of studies of nodular chert Lowenstam {(1%k2), Namy
(1974), ¥eyers (1077), Fiftman (195G), Wilson (1S4€).
memains of siliceous spicules are common ir Fossil Hill
chert, It S;emsqreaso:able that they were the main source
silica for thésg cherts. Clommunities of sponges were

s e . o e w o o mer s e s .
inclzenous To interreel sirata of the llichizan Zasin during
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Frecarmbrian Shield were emergent, erosion could have
surrllied seasonal influxes of silica from them %o *rhe sea.

~ccelerated rates of sponge ctroduction, similar to modern

"tlooms” of siliceous orsenisms due to 2 sudden increase in
Thelir nuirient surzly, may have occurred. Sponge spicules

have teen preserved in many of the cherts ard some chert

nodules are composed a2lmost entirely of spicules forming
scticulites (Flate 5, fig. 2)
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1. Distributiorn and ode of Jccurrence

Chert is rot limited %o certzin horizons, dut

sceurs Tthrourchout the sections of the interbichermzl stratz

The hcdples ané lenses of chert are conformatile

with the bedding of the dolomites. The shave of the.

nodules varies from srtherical to ellirsoidal to highly
irresulzr tubergus todiles. These may arvpear elongated in

which atreszr dense, and mesescorvically unfossiliferous, are

seen to contain fossil remzing when examired in thin

used to descrihe *the

1

trnickness, and several fee

nodules were formed inithizll ut 1f the supoly of silica
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were suff
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Fave rise to lenses which often

cecalesced. ~Although two terms 2re used, nodule ané lens

zre closely zgscoclated 2nd gracde imrerceptidly inte one
another. The crowding of nodules may cgive ri ’

5e.To & more

or less continucus lzyer or lens, but
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e traced for - than z few = 3
t Oor more Than z few Teet. nowever, in some

greas, the lenses may comhine in the rlane of beddinr to
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e Cnhert shows 2 colour range of white, grayis
vellow, tinkish srav = iy : ;

3 » SIRALISD gray anc light tlulish-zray. noTtling is

cre ¢f the most Levou “of
¢l the mo§u consplcucus features 'of the chert., -~ Thisg
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. “aclies Control of.Chert Jerzosition
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Its mreforpvmas S 3 zr d 3 .
S ~iEiSIEnCe Jor certalin cerdbonate facies. The chronolo-
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=1 AT Ter g - . 3 = 33
ciCal.ly gnd zZeclozically aclacent strata of *he

D T Tam i mgmin d 3 3 :
-7 N8 nlerBlonermal facies, while the a2ssocizted bHip-

nermal and lezoonal faci ‘vely
and lzgoonzl facies are relat;vely chert-free,

o

comzlex. 7T o = I11i
Tlex -7€ .normten Feef Complex of Illinois was found
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~0 SA0W an aureolic increase in chert outward from the ree?f
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core with zhert con

ceds, bty Inmles (12£3), and nd Hoste
(1e78).  Zowenstam (1842} studyins Niagaran
In Illinois, Wisgconsin anéd Indlannz, found
atsent freom the reef rock, but abundant in
Filve Nlagaran reefs of the Indiana-Chio Tl
oy Textoris and Zarozzi (1GLL) Ne;e Tound
nocules zg a2 common fezture of thelr interr
.Céher examtles, from other time 71
aTresr to Te SUi%abie anz¥o.ues. <Zfarres (1
thzt chert i1s restiricted t¢c the interreef 7
Tennsylvanian limest one of the lar:tle ?allé

- - -~ -
cerree:l -

atiorm studied

have chert
T heds,
ods, zls0

les in the
ormatlon,
3 ~

crived by Fitiman (1638} as having the least amount of
crert in the reef rocks Fray (1%5%), discussing Vississi-
Trian Ticherms of southwesterm United Staztes, mentions that
trere Is typlceily 2 much greater amount of silicz in the
interreef limestores. A summary of the interreefal
occurrence of chert is made iy Zaprles (1¢47), who comment
that cherty carbonates commonly constitute anciéﬁt inter-
rgef Zeposits, wqé}eas e associated cartonate reefs tend
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gediments. The Fossil Hill interbionermal facies
accumulated a2s lcose sediment. DJuring their time of

Trowth bicherms are lithified, ard they prodably compacted

b=

ittle after burial. As stated by Lowensiam (1S42): "Igefs
i .
zre thick and rizld uncompactitle »odies which grew as.

The occurrence of chert

v

- ._7\
roCKy wave-resistant stnuctures,

n

ilica-bearing solutions’ in unconsclidated sediments and =

=~

flan< and Interreel areas more easily

)
(0]



~—

SEDIMENT=CA CO 4 + SI 0, (AMORPHOUS) + ORGANIC MATTER

———
st 0,

DISSOLVES

DIFFUSION

.AMORPHOUS 51 O, PRECIPITATES

Sl 02 SOLUBILITY LOWERED

ABSORBED ON - SILICA
A

j, ' <
BACTERIAL DECAY ‘ :
.

- CACo

PRECIPITATES 3
pH LOWERS AS CLEAR CALCITE
l IN VO1DS
_ DIFFUSES " CA CO, DISSOLVES ,
TOWARDS _ S -02 PRECIPITATES DIFFUSES .
AWAY

MODEL FOR CHERT FORMATION

BASEDS 1N PART ON SISVER

D
FIGURE 4 C12ez)
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in equ

livrium with the interstitizl water of the sedi-
ments. sn Increase-in »H of the water will cause more

to te dissolved, and a2 decrease in vE will czuse

silice It

silica to e precipitated. The solubility of Cal(C. is
2

affected in a2 reverse manner, so that p¥ chanres which

£
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and, ©essidbly, by adsorption of orcanic mat
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whereas, siliceous orzanisms ‘in the surroundi
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decay. of tThe organic materizl by bacterizl zction, is vro-

water. The localization of the increases in CC, may be

and surrounding areas where no S0, vas added, making possible
diffusion zway of Cal 3- The lowering of the DX would also

assist the precirtitation of Si02 gt the site. The



tte pH value at which SiC, is precipitated. Zowever,

~ Troductionr Ceased, Ag.+the sediments zaccumulate and

compact interstitial watler moves throush the sedimen%s arg

“he Fessil i1l nogdular crert may now be tested
ag2inst the theoreticai nocel, 2

Source of silica from

-

sections (see Chapt. __-,:—L(b))(? te 3) The driving



— -

fluids is' 2 feature of sediments such a2s the Fossil =ill

tlocalcarenites(see 2k, IV, = . The theoretical medel
. ]

1s accepted zs beins arrlicable for the formation of

1. Ccecurrences

S

Feterson and Von Der Zoreh (10435}, made *the firg:

rerert of nodulzsr chert formation in = Recent envirormment,
In Folocene Ilzke dévosits of Australia, Here, surface lake
trines with pX a2s hizh as 10.2 are surersalurated with

and mafmesite are trecivitated from evaporating surface
orines. Silicz is dissolved from detrital cuartz ané other

silicates by brine water 2% %he surfzce. Jecaying organic

matler just beneath *the surfazce reduces PZ to &s low as .5, -

ica Is trecipitated from solutiors characterized ty low
TT In rroximity to the organic ratter.

x

Cther reports of Recent chert formation are as
follows: (a) Zugster (1967), Quatermary, 'lake lagadi,
enva; () Hay (196?)~Qua€ernary13ast £tfricz; {(c) Surdam
et . 2l. (1S72), Jurassic arg Zocene tc ?leistocene, Wyoming;
heppard and Cude (197%), Fliocene, Cregon. These occurren-

ces are all in highly alkaline lacusirine environments.



ossil Zill Cecurrence

“here Is-a similarity between the factors

.involved, the role of ormenic matter, pH chance ete. in

1311 and Zécert.

unger sediments, llidéle Cretacecus *c lliocene in 2ge.
—ong cores of sediment which have enccuntered widesprezd
cherts in incipient stages ol develorment have bheen

recovered znd zare zvailzble for siudy. The cher%s cecur

P L= [l

-

nedules in the calcarecus

f
)
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sediments, and as porcellanites (crarular chert) in clayey
and-siliceous pelarsic deéposits. The nodules are hard wit
2 vitreous ‘lusire and conchoidal fracture, and are ceomypose

larcely of quar+z and chalcedony. It.is this nedular-tyre

oI chert that is considered %o be comparable to anclient

} e
(=]

11 te discussed furtrer,

ar cherts ard w

1]
“he drililins rrosramme has resulted in *he
2dvancenent of new hirctheses regardins the early dizgen-

etlc history of silicified sediments. Two basic theories

etate. Cne i

n.

- under

L - -2 +
TOCQULET Cchert Iormation z2re gurrent

o

,-J
C e

- theory zdvecated by Zerger znd
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mezth and Yoberly (1371), and Wise and ‘weaver (1¢72, 1o7L

e ~y > - I -~ T} 3 N 5 -
Sii.ce. Lne cristebalite, throuzh time, recrystallizes to
“Tue guartz chert, Virtually 221 Clagenetlc silicz Is mor

crrstallire than tiorenic silicz which ig 2m rtrhous. The

major driving ferce for chertification. Tre second thecry

agineri{l37 }end lancelet{1273). Tre guartz vrecivitatien
heory holds thaz mineraloqy and Torosity of <he nost

of



Trecivitetion of disordered cristebalite in clzvey
g ‘ )
seciments, The cations suprrlied 2y the clzv mirerals

Seciments, the ratlio of silica to metallic cations increases
srarply and guariz can rvrecititazte hecause of <he increzse
¢I this ratio, g

Two theorles 2s tc the source of silica, biomen-

L y 21
0us versus velcanic, are also teingz debazted. However, the
Frezt majority of workers endorse Dioczenous silicz 25 beins

- - - - R - - -y -~ 5 4
wne velumetlricelly simifican®t source,

chertilication process, has teen selected “rom recent liter-

ure for examination fcr the followins reasons:
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(2] it is 2 mcdel for cherticica




0

Tor chert fermation is comparadle to th;xgbyrce Tostula-
ted for the Fossil XHill, (d) the model emtraces the
theory feor chert troduction which is accerted

T2 malerity of the workers studvings modern silica sedi-

siedel for Chertification in Zpeiric Siratz (Mewvers, 1877)
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szeletal Irzsments as microgtherules thzt suzsecuentiv srew
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and cozlesced with rmelshbours te rerlace mud a2nd skeletal



—x07ene silica tends tc dissolve teo comcentra-

IS0 punem - Towever, *hese concenirz*ions
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anc guariz cthases, no comparison can.be made, a2t this
time, Detween the two chertification processes.  In
adiition, leyer's nodei does not discuss the dissolution .
of calciurm carborate. 4is = model for the formation o¢
ossil Hill chert, fherefore, it is rno%, irX the

writer’s ovinion, acceptatble at the present time.

- - LI -
3. Conclusion

It shoul€ Te emthasized that all of the ﬁypo-
treses discussed 2tove are tentative worzing models. -
rrosress nas been made iIn determining the nature of chert,
cut no satisfaétory explanation has heern given, to date,

[ EAd

T¢ account for its worldwide distribution, as well 2s for

Its preferred cccurrerces in some sectitns of "the

tresent In interstitial waters of rresent day marine sedi-

-

menis, no arvreciatle concentrations of chert are Tound.

hils may Imply that there was some cifference, fundamental

o chert formation, in the oceanic environmenrt of the

-

'.M

Tossil Hill time 2rd cther times in the stratigraphic

¢c2lumn of preferred chert occurrences.
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ntertiohermal Facies of *he

..« The nodular chert is confined for the most part
to the Imterbiohermsl facigs of the Fossil =ill Member.
The term facies as used here refers <o "some areally
restricted rart of a desifmated siratirrachic unit"(loore
18La), Whefe envirenmental conéitions were stable “or a

sufficient length ¢f time to permit the zccumulaztion of

}-l

N . o s o
The dominant litholosy of the interd

fpae

ohermal

facles.is dolomite. The chert which <he dolomite encloses

.18 discussed ir Chapter II, The very mincr argillaceous
lithology, 2lso included in <this facies, is discussed
oelow.

“he dolomite consists of unevenly bedded, buff
tc brown or =fay, siliceous, Tine *¢ ccarsely crystalline

TUEZY, very fossliliferous rocks. zeds of this colomite

are well developel at loczlities _',355,a 136%, 1369 (Plate ¢).

{-
hTS)
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These sediments show 2 number of characteris<ics
of "interreef" rock as observed by Textoris and Zarozzi
(18254}, These are: horiZontal izh chert ard

Tessil content 2nd "interreef" Tl

of mud-zurrerted tiocalcarenite (Microfacies tyres 1 and 2
Sescrited In s~rpendix IV). . & finme fraction, possitly

l1s versistent. It is seen in thin section replaced By
Tinely crystallire dcolemite or microcrystalline cuart:,
The dolomite is 2 rerlacement of-the original

calecium carbonzte ferosit. This is obvious ‘rom =re

cazlcite crystals and the presence of calcite "zhost”
fatrics within the dolomite (Flate &, Ffis., 3).
&

ithology are very +hin, comrarazble in +thickness to =2

-+

sheet of taper. They occur throughout the dolemite at

irrezular intervals which may e from one %c several inmches
. Their dark gray colour makes them consticuous in

-

the lighter brown host. These thir shale derosits may be

50



due 1o intermittent tu : .
. ermitrent Turdbulerce, such 2s tha+ induced by
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sufrests life assemblazes (Fla%e 10).

There Is consideradble microflora preésent in the
Tossil Hill rocks which may de recovered dy using a
mascerat.on process, (TFlate L), It Is pointed out oy
Thusu {1873), that acritarchs were first revorted in
Silurian chert nodules o7 ew York stzte ty white (1%82),

s "
"who ldentified +rem as revreocuctive bodies of sconges.
Towever, they were nerlected and forgotten in North America
for seventy-three vears, until Laisd v1233), again discov-
s
ered them In the. . lockrort Formation of Ontario, He, also,
f£ave them syvonge affinities. They were identifieg as
. s s ‘o s A

alzzl spores 3y Fisher (12%23), worzing with Silurian
shales from New York State. Their present status is tha+
oI orgzanic microfossils of unknown and variegd affinities

(EVitt, 1969)-

The Fossil XHill material has been tentaztively
icdentified to gererz level by compariso:‘wit;'t
Trusu (1972), who studied the zcritarchs of +he
Silurian Zochester Tormation of sScuthern (mtariop,

lilowing

l.Jn

s a2 i

the most

ce found
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Arachnovhyllum centacsonum
Favesites ’avocus
Favosites hispidus
Salysites catenularia
Zalyvsites micrererus
*eW*o_’+es elemans .
nelasmz sponTaxis
~v977’a arericana
Omphymz verrucoss

Flasnmeroorz follis

Ftychorhyllum stokes:

:tre“*eWES“a sonulus

Zaphrentis stokes:i .

rachioztoeds

rentamerus otlongus

nomeostira anriniformis

Zospirifer radiz:us

Stricxzlandia manitovensis
cephalonods -

~lsccsorus

Huronia -
stromatocerciden -

Slathrodictyvon cstiolatum
-. nteroretation .

“re zbtundance of fossii material ir the dclomize

Teds. is evidence *ha< they were the sites of flouris shing

diverse tiota, of

i1

Some waler agitation of

arily suscension
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0 Iosslls, and pellets., - The tody cavities of s*vo oans,
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-ne main indications from fossil z2né sedimen t
evidence seen t0 be for an environmen= of clear, warm
marine water of some azitati T3 :

~ 0i Some agiialion over 2 Iirm subsitrate staho

Ilized be "3 o) ; ‘ )
-~=-2Z8C Dby orsanisms. There are some s$izns of transvort

L o Yo : 3
0X materizl dbut not necessarily of any crezt distance.
Land*N - 3 = o 3 ‘
-~e retentior of 2 nicrite fraction places emphzasis on
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¥odel of shallow marine sedizmentaricn showing -theoretical

ZONE X
— .

—*‘

. 'ZONE Y ZONE Z LAND

DEEPER WATER
SEDIMENT BELOW
WAVE BASE

LY

; SHALLOW WATER

'V .SHALLOW WATER

t SEDIMENT ABOVE [WAVES,CURRENTS

I WAVE BASE 'DAMPED ,MUDS, |
| ISOME SANDY |
! biota diverse biota |
v ‘ 1 restricted —e
’“ REEFY, ‘LAGOONAL ISUPRA |-
: ) ' \'TIDAL |

R

I
|

!
‘\\:? I Pelleted ;
f | Calcilutite | '
eff. wave base i*Skeletal’ Biocherm, (some shells) I
I calcar~ Cozplexes ‘
I enite devclope% ) . (/
]
. FOSSIL _/j ! MINDEMOYA |
) ' EILL MEMBER | MEMBER !
| 1 !
.Theoretical zmodel of epicontinéntal clear water sedimentation
(aZter Irwin 1965) related to rocks of the present study
(ot to scale).
ZONE X ZONE Y ZONE 2 LAND
- 1 . [}
DEEPZR WATER ; SHALLOW WATER M.SEALLOW WATER ,
SEDIMENT BELOW | SEDIMENT ABOVE WAVES,CURRENTS ¢
WAVE BASE : WAVE BASE 'DAMPED, MUDS, t
| SANDY :SOME SANDY :
' biota diverse biota \
i [ | restricted — \
Theoretical . [
(Irwin,1965) . | SUPRA !
' f TIDAL L
A ] Pelleced caleilutice
eri,wave baseJ /% Skeletal lcilurize Evaporites
7 Calcarenite (sbme shells) (w%e% climace
Persian Gulf Reefs(locallyy \ | 1+ arid)
}
B.
T ; Oolitéﬁ Clpolomitie
Skeletal c t {cilusis
Calcareaite Reef 'C?.;“L“l“e
iwith Gypsuzm
. Pelleted . l ece.
Calgiluzire ! }

and

actual distribution of major sediment. tvpes (after Heckel 1972)
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tlon prececded silicification. careful siudy of the thi=
gsections ¢f *re Fessil HI11l cherts faziled +5 reveal

. -~ B N - e m S om o, . * - .
SIMllar rnomtohedrz, Twalver kleoc)..clscuss;ng carbonate-
chert reversals, ~ives zn exclanation of zhe Secuence of

il Hil11 cher=s,

Iuhedrzl delomite crysials, although surrounded by chert,
Enow n¢ evidence of Tenetration Ty silica;s cemmonly they
transest silicecus texturss. Such crystals ar pfobably
“0Ll0mite rmelacysis that origimated Hv reglacing “he chert,
“rere such crysizls occur in chert <hew trovide strong
evicence that delomitization Tallowed silicification

sumnary of Jliazzenesis
Senerzl stacges of dizzeresis aToezr to have
Tzen as follows:

. Scluticn or recrystallization of some fossiis or fossiz
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in tore waler due to releazse of CC, oy bacterlal oxidztion
o organic matter.
€. The mechanism for emplacement is the esizblishment of

diffusion mradients Teitween micrcenvironments, CaCC3 is
dissolived and SiC2 is rrecipitzted and they respectivelw

diffuse, away from eznd toward, sites of orzanic decay.

Y. The time and mode of revlacement of the carbonazie by
sZlica are elucidated by the recomition of void-infillina
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Location Lithology o/ Thin Section
L358 chert - él,m,m,m,?s,s?,?s

LESSB carbonate S

Iy

. "oy
fl-c-‘o "I',’

AW, 8

Description L358 chert (Flate
Some, . or all, of tne fabrics can be seen in each
thin section. Number in brackets indicates a good example

of a particular fabric.

Components

1. Matrix - matrix is ofrmicrocrystalline guartz, some
coarser guartz (5); dark carbonaceous and algal material
and ferruginous matter (4,7) are present which cause
brown staining of some cherts. Some remnant calcite
repains as inclusions in guartz (7).

2. Allochems - abundant bioclasts are guartz-replaced.
Pelletoidal material present (5,6,7).

Fabrics - ’ : .

1.  Simple replacemeht by microcrystalline gquartz of micrite
(1-7). |

2. Replacement spherulitic chalcedony (6).

3. Repiacemenf by pseudodfusy qguartz moéaic in pentaﬁerié
shells--shell walls completely replaced, inside of sheli,
microcrystalline guartz replaces micrite.

4. Syntaxial rim on crincids guartz-replaced (3,6).

3. "Ghost" calcite fabric in laminae of brachiopod sheli,
pseudomorphed by quartz (1).

6. Void-infilling drusy guartz mosaic.

b

117



7. Void-infilling microdrusy chalcéﬁony (5,6).. s
8. Composite void—infilliné fabric (6).
S. Tfansition from chalcedony to drusy qguartz mosaic,
coarse mosaic of guartz, saw-toothed ang straight
'crysta} boundaries which radiate from a number of
centres, the undulose and fibrous extinction suggesﬁ
this mosaic is a result of recrystallization of a
group of chalcedony spherulites.
10. A few scattered anhedral{;uartz‘crystalsf'larger than
the matrix with calcite inclusions (2,7).
11. Drusy quartz mosaic inf%liing small vein (2).
Fossils .
Bryozcan (1,2,4,5)
Sponge spicules (3)
Pentamerié shell (all)
Crinoid (1,6)
Strbmatoporoid {5,6,7)
Small corals (solitar?) (2)
Acritarchs, spores, algae (5,6)
Many small bioclasts replaced by guartz.
‘Texture o
The texture of a biomicrite or biomicrudite is §Rggested by
\

this chert. K

Environment of Deposition

Shallow marine, low to medium energy.

-

‘_l
(]
1)



L3588

Deséription ' "?

Matrix is mainly dolom?te crystals of various sizes
from fige to coarse. There is some lavering with.alternating
fine and coarsetr 1ayers. Dolomite crystals are anhedrai to
subhedral, fu;l of inclusions--"dirty dolomite”. Microfacies
may have originally been an interbedded calcilutite and
calcisiltite which dolomitized to finely crystalline and
coarser laminae. Some very large dolomite crystals have
chalcedony in the centre. Dolomite has replaced gquartz.
Large rounded grains in dolomite matrix, filling in spaces
arounéd cryvstals of dolomite, mayv represent post—éo}omitization
‘calcite or dolomite.
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of a particular fabric.

&?} R
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-

Location "~ Lithology Thin .Section

1359 - chert F10,F11,F12,F13,F14

.Description L359 (Flate.l, fiszs. 1,2), (Plate 3, fizs. 3.%,)

Some or all of she fabrics can be seen in each

thin section. Number in brackets indicates a good example

- Components

-

1. lMatrix is of microcrystalline guartz containing cgrbon—
aceous, aigal'and ferrugihous matter causing brown-
staining of fabrics. |

2. Allochems - abundant bioclasts are guartz-replaced.
gelletéidal and algél material present.

Fabf&cs

1. Simple replacement by micrdcrystalline guartz of micrite
(10-14). | = -

L)

2. Replacement spherulitic chalcedony (10).

3. Replacement by pseudodrusy guartz mosaic in shells (1). -

4. Void-infilling'drusy quarté mosaic (10).

5- Voidé-infilling microdrusy chalcedony (16,11,12), colour
banding.. ;

6. Composite void-infilling fab:ic (10,11}. -

7. Association of algal material with void-infiiling fabrics

(11).

. Fossils -

Bryozoan (12,13)

Sponge Spicules (10,12)
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. ’

Brachliopod shell fragments (10).
Stfomatoporoid (12,13,14)
Acritarchs, spores, aigae (10,11) i
ﬁany spall bioclasts replaced by silica fabrics (10-14)
Texture ’

The fabric of the cherts F10 and Fll'suggest a
replaced algal-supported biomicrite. The microfacies show

algal-like laminae which may grade into discontinuous streaks

of pellet-like bodies. Acritarchs and spores are found with

'the algae. The original micrite entrapped in the algae has

been réplacgﬁ by microcrystalline gquartz. The bioclastic
debris has been replaéed by guartz. The dark zones somewhat
resembling pellets are interpretéd as poorly developed algal
laminae perhaps of the Sponglostroma-type. Void-infilling .
silica fabrics and algal or carbonaceous material are found
in close association in all cherts where they occur.

Chert in Fl2, F13, and £14 was originally a
stromatoporoid-constructeé limestone of the Aulocera-type.
In longitudirnal section vesicuiar or-cystose plétes are
shown. Former wall structure has a dense dark median line.

Galleries have been £filled by chalcedony.

Environment of Deposition
Shallow marine, medium energy. The presence of
the stromatoporoid and more void-infilling silica fabric

suggest a slightly higher energy regime than L358.



Location ' _ . Lithology Thin Section

L360 : chert ) F20,F21

L360-3 mostly dolomite F22
Description L360 chert (Flate 2, iz, 3),{(Plate 5, iz, 3},
: (Flate ¢, fig. 3)
Some or all of the fabrics can be seen in each thin

section. Number in brackets indicates a good example of a
particular fabric.

-

Compeonents

i. Matrix is of mic?ocrystalline guartz. F21 shows more
brown staining as matrix contains more.carbonaceous
material. ‘

2. Allochems - large pentamerid shells are replaced as well
as sponge spicules ané a great deal of shell debris.
Pelletcoidal ané algal material present.

Fabrics

1. Simple replacement by microcrvstalline quarfz'of micrite
(20).

2. Replacement by pseudodrusy cquartz mosaic in shells
(20,21). Most conspicuous are the brachiopod shells
in which silica_has pseudomorphed both the fibrous
laminae and the prisms of the shell walls. 2Zone of
small elongate crystals of guartz rims the shell.

3. Void-infilling drusy guartz mosaic (290).

4. Void-infilling microdrusy ;halcedony {21) colour—bandgd.

5. Composite void-infilling fabric (20,21).

6. Association of algal material with. void-infilling

fabrics (21).
AN
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Fossils
Sponge spicules (20,21) '
Bfachispod shell fragments (20,21)
Stromateporoid .20
Algal lamellar structure (20,21)
Texture

‘g\\/f/Texture'of this chert is a biopelmicrudite. The
original microfacies was an algal and stromatoporoié-
const;ucted limestone. The micrite trépped in, and bound
bv, these structures is now mic;ocrystalline guartz. The
laminae and interlamellar pillars consist of dark brown
crystals, andé the voids betweén tﬁem'are now filled with
quartz. It resembles a dolomitized énd silicified colony
of Clathrodictvon. _ | .

A conspicuous féature of F20 is the replacement
of a large pentamerid shell and its median septum. Silic-
ification occurreé first. Silica vseudomorphed the
calqite ocuter shell of fibrous lamellae. The lamellaes
have their loﬂg axes subparallel to the shell surface.

It also pseudomorphed the inner shell‘layef. This layer
consists of an aggregaté of closely packed, gquadrangular
gecmetric prisms of calcite, oriented with the long dimen-
sion perpendicular, or slightly inclined, to the shell
surface. Each prism is an individual'crystal with unit
extinction. The micrite contained within the shell was
replaced by micfocrystalline gquartz. Dolomitizatién followed

I . - ; . - {
silicification. The matrix outside the shell is composed ~
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of_?o%omite crysﬁalsl Dolomite has begun to replace ﬁhe
quartz of -the shell walls. Close examination shows dolo-
mite crvstals cross—cutting silica fabrics. Dolomité -
rhOmbs enc*oach uoon the DseudOmorohlng quartz crystails.
The dolom;te crvstals are cloudv with inclusions. *
Beneath thg stromatoporoid in the thin section are
pelletoidal-aléal remains. .In chert F2i, the very dense,

dark material photographs poorly. The dark pattern ﬁay

represent poorly defined lavering as in some algal mats
ané suggests pellets that are difficult to recognize because

of their dense composition and close packing. The white

network is interpreted as guartz which may be replacing

t -
e

sparry calcite.

Description L360-3 F22

Iy

The matrix of this thin section is mostly éolomite.

-

A chert—carbonate contact is shown (1dver-left . The very
anhedral dolomite crystals make a2 mosaic of different-sized
grains which are full of inclusions. There are ferruginous
grains present but no fossils in the carbonaée.

The small chert area appears to have been an
algal-supporteé micrite, now replaced by guartz.

Environment of Deposition <

Shallﬁw marine, medium energy.

.



Location . Lithologz Thin Section

—

"L361 chert’ ' F30,F3),F32

Description L361 (Rlate 5, fig. 1), (Flate 3, fig, 6)
Some or all of the fabrics can be seen in each

thin section. These three are very similar. Number in

brackets indicates a good example of a particular fabrie.

ComEonents

1. Matrix - matrix is of microcrystalline.quértz containing )
abundant pelletoidal-algal material. fThere is some
lavering shown from bottom to top of sample. A laver
of replaced'biomicrite is foilowé& by an opagque carbon-
aceous laver. Above this is coarse silica void-infilling
'fabr;c. This assoéciation has been noted nuﬁerous times_
in the chert. A iayer of microcrvstalline guartz replace-
menf fabric overlies, followed bv dark pelletoidal-algal
material.in similar matrix.

2. Allochems - quartz-replaced bioclastic fragments.

Pellets are irregularly-shaped to rounded bodies
possibly of algal origin. |

Fabrics

1. Simple replacement by microcrystalline quartz of micrite
(30,31).

2. Replacement by, pseudodrusy gquartz mosaic (30).

3.. Quartz pseudomorph after radiating fibrous calc1te (31).

4. Intermediate fabrics between chalcedony and gquartz.

-

5. Composite void~infilling fabric (30).

1235



Fossiis

Bryozéan (31)
Brachiopod shell (30)
Algal material (30,31) : -
Texture

This chert has the texture of a biopelmicrite or

. biopelmicrudite. The large areas of void-infilling fabric

may indicaté winnowing out of micrite by current action
in original sediment. The silica fabric may be replacing

sparry calcite. -

Environment of Deposition <

Shallow marine, low to medium energy.

'_I .
40
o
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Location - Lithblogv
L3662 carbonate
Description L362 -1, =2
Components

1. Matrix -

[
coarsely

of

Thin Section

F40,F41

matrix is a mosaic of anhedral, medium to
crystalline dolomite crystals which are full

inclusions. There is 'some lavering and the coarser

layers of dolomite contain scatteregd pockets of quar:t:z

-
—

ITYs

transition stage

als, small, anhedral and, in appearance, in a
from chalcedony. “Dolomite is replac-

this silica fabric which was probably void-infilling.

“Anastomosing stvlalites with concentrations of 'iron

Allochems - a}

Texture

This carbonate has the

Shallow marine, medium

[N
-]

I_.l

may be chemical utnconfor

ted calcarenite close +o a

—
Ml

ties marking chances

texture of a grain-

rpentamerid brachiopod

energy, blostrome.
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Location . Eithologv Thin Section

L36 . - carbonate and chert F52
Description - L363 carbonate and chert ' (Flate 2, fis, 2)
Components

Ma:fik - carbdnate:matrix is méinly of.coérsely—crystalline
dolomite, crvstals are anhedral and full of inclusions,
some variation in grain size £rom medium to coarse is.shown.
Spherulitic chalcedony and patches of replacement micro-
crystalline guartz matrix still presént. Alloéheﬁs in the.
matrix are represented by carbonaceoﬁs matter and silica
replacement fabrics, often closely associated. ,Bachiopod'
shell fragments pseudbmorphed by guartz show "ghost"
lamellar structure of ofiginal calcite shell.-

/

. . . S . )
Dolomite is replacing silica fabries. SequeaFe of events

has been from calcite shell-silicification-dolomitization.

Numerous crinoid fragqments are present, most of them are

. -

replaced bv dolomite. .
Fossils- |
Crinoid
Brachiopod Lo
Texture |
The texture of a biomicruidite or bioclastic
calcarenite is suggested.

Environment of Depositicn

Shallow marine, medium energv.

£
1y

‘_.l



Location Zithology , Thin Section

L3864 carbonateé and chert FEQ
contact

Jescrivtion 13484 ‘cnert and carbonate (Flate €, fis. 1)

.

lavering of the two.

}A
0
m
vy
oS
D
)

Crystals zre larser than
mrained anid anhedrzl.,

celined Ty cark lines which may recresent chemiczl uneon-
Termities. All contacts tetweer doleomite and chert cdo not
show this,

in the chert, silica veid-infilling fabric oceurs.
Simdlar patches of large cdolomite crystals occur in the
coilomite. These veld-infilling fabrics may be related *o
solution of some Tigclasgts Torming vugs in the original
limestore sediment which tecame infilled with dolomite sy
Allochrems

“0 cistingulishatble allochems are present.

Yl A

o

R d
rb&

ancd ceontzins carkoracesus

sht (choto centre and *op
in a2 dard above the dolom

-~
-

(-

hal® of pheto {Flate

matirix of *the chert

material, Joclomite
artz ¢crystals tut 2are Fine-

b
-

}ae

n

.aer crossed polarizers the

Te

is brown-



Texture

n

1)

The texture of an interbedded calci

alcisiltite is sugcested.
nvironment of Devosition

4
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-Locétion '_ Lithology ' Thin Sections

L365-2, -4 " chert ' F71, F73

L365-2, -3, =5, -6 chert & carbonate r70,772,F74,F75

("8

Description L365-2, L365-4

Componénts

| ~Matrix is of microcrystalline quartz, a silica
replacement fabric, containing and stained by, carbonaceous
and ferruginous materiél. Replacement spherulites of
‘chalcedony are common. The microfacles was originally a
stromatopproié ang algal-coﬁstructed limestone.. Br&wn-stained
framework of stromatoporoid is of Aulacera tvpe:

Allochems of organic or pelletal origin have been

H

eplaced by spherulites of chalcedony. Sponge spicules are

trapped in an algal or ceoprelite ball.

Description L365-1, L365-3, L365-5, L365-6

Components

Matrix is a mosaic'of anhedral, coarsely-
crystalliﬁe dolomite with crystals full of inclusions.
There are scatteréd grains of getrital guartz and iron
mineral. Silica replacement and void-infilling fabrics

;?Egzgirﬁhsbﬁs andé fo;mer open spaces. Crinoid debris, now
dolomitized has guartz-replaced syntaxiél rims. Prismatic
shell structure 1is pseudomorphed by silica.

Contact between éhert anéd dolomite in some places

is sharp. In other areas, ‘the contact i1s not clearly

defined ané there is a mixing of smaller dolomite and guartz

.
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crystals along the contacﬁ eage. Dolomitization has followed
silicification. Evidence Eor this can be seen where doiomite
.rhombs encroach 6n silica replacement fagriés in a brgchiopod
shell. This is similar to (Flate 35, fig. 3). There is a
close association between algal material and chert as ig
common in nearly all‘of ﬁhe,cherts. Allochems are common,
bioclasts and algal or pelletal balls, often entrapping
spicuiles. .
Fossils

Stromatoporoid (2,6)

Sponge spicules (4,3)
Brachicpod shell (6)
Acritarchs, spores, algae (6)
Crincidé (3)

Brvozoan (4)

Many small bioclasts feplaced by gquartz.

The micybfacies was originally a stromatoporoid-
algal constructdd limestone which trapped micrite andé had

many assocliated faunal elements.

Environment of Deposition

Biostrome in shallow marine water of medium energy.
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Location " Lithology T Thin Section

L3386 carbonate " F80

Description L366

r

Components

Mat?ix composed of medium to coéisély crystalline
dolomite of anhed;al, "dirty" crystals. No fossil fragments -
and nq'quartz present. Microfacies may have been a cal-
carenite or caicilutite qssociated with péﬁtamérid bank.

.Environment of Deposition

Shallow marine, low energy.

1=
\a)
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This is the Fossil Hill Type Locality 1L368

y .
Location Lithologz . Thin Section
L368-1 - . -stromatoporoid-constructed F100
carbonate
L368-6 '~ dolomite and chert F105

-

Description L1368-1, -6 (Flate 1, fig. 3)(Plate 3, figs. 1,2)

Components

This is a strématoporoid—constructed-carbonate
of the'Cléthrodictyon tyvpe. Silica in the form of quartz
and chalcedony has E;placed the originai stromatoporoid
structure. The léminae and inter;amellar pillars consist
of anhedra& quartz crystals. The former voids are filled
with chalcedony ané larger quartz crystals
Chert has occuﬁied the férmer stromatoﬁoroid and infilled
the voids. The matrix around the strogatoporoid is of
dolomite which has replaced tﬁe original micrite. Silica
has shown preferentiai selection of the organic structure.

The dolomite matrix is composed of anhedral to
subhedral medium crystalline crystals full of inclusioqs.
qumér\vbids, parallel to the bedding are filled with large

A e
dolomite cFystalsf’ Beneath the stromatoporo%d structure
very coarsg\g?lomite crvstals may represent an area of
' .

high porosity in the original sediment under the stromatoporoid

dome.
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Description L368-2, -3 F101l, Fl02

Comgonents

This appears to have been an algal blomlcvlte.

Contact between reolacement silica and secondarv dolomite

is well-defined. The matrix of the chert is microcrystal-
line quartz %ull of'carbonaceous material, quartz-replaced
shell fragments, calcite crinoid'fragments with syntaxial
calcite rims repléped By quartz, bryvozoan fragments replaced
DY guartz, and éponge spicules. The sponge spicules have
been preserved in the silica-rich environment of the chért
nodule. The dark organic material is within the chert.

The original micrite has been dolomitized. The dolom;te
matrix consists of medium-sized crystals which are full of

inclusions giving them a "dirty" appearance. The fossils

¥

in the dolomite were replaced DY guartz before delomitiza-

tion.

Description L368-4 F103 carbonate and chert

Compornents

The contact between the microcrystalline guartz
matrix of the chert and the dolomite is sharp. There are
some dolomite crystals in the gquartz near the contact.
This dolomite matrix is éleaner, medium crvstalline,
anhedrai, and contains iron mineral. + islréplacing the

chert. ‘ . -

l_]
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Description L368-7 F106 chef% and carbonate

Components : ‘ -

Matrix of chert is composed of crvpto to m:icro-

hcrystalline-quartzawhfch is very dark and contains fossil

N

fragments ‘and round opague objects resembling algal balls.

These balls are possible Spaerocodium-—"spaghetti"-like

with the aspect of small intertwined calcareous tubes.
r
These were presumably green or blue-green algae
The matrix contains dolomite-replaced fossil fragments as

well as some small dolomite crvstals. Silica fabric rims

crganic nuclei. . .
Descrintion L368-5 104 carbonate
Components

This dolomite mavrepresent a laminated dolosil-

' : ~
tite replacing calcisiltite. rThere are styldites paralleling
the bedding. There are no fossil fragments, ne silica
fabrics of any kind, some, opague mineral present. The
lavering from the bottom to the top of the thin éection
shows the following seguence: coarse, fine, very fine,
coarse, very fine, coarse, very fine. There is more opague
mineral in the coarse laver. The fine crystals are sub-
lithocréphic: A similar type of dolomite is shown in

y

- - -~ o
rlate 2, fig. 1.

Environment of Deposition

K

Shallow mérine, medium energy. Algae probably

contributed to stabilization of substrate.

[
L
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Location Lithology - Thin Section

L369% . carbonate _ F110

»

This location is at the top of Wolsey Lake South
roadcut.. There 1s a good exposure of the contact of the
Mindemova 'and Fossil Hill Members of the Lbckport Dolomite.
The Fossil Hill dolom}te about 14' (4m.) thick, is weathered-
brown, very fossiliferous, vuggy, medium to thin-bedded,
medium textured, with chert nodules. ﬁnderlying is about
20' (6m.) of Mindemoya dolomite.: It weathers grev in thin

to medium bedded, lithographic to sublithographic dolomite.

| A "False Mindemova" bed appears at the top of the
section. sStudy of thin sections leads to the conclusion

that it is lithologically similar to the Mindemova. It

may represent a regression of the sea with lagoonal sediments

deposited over the back-reef area-

Description: L369-1 F110 (Fiate 6, fig. 2)

-

This thin section represents the .transition
zone between the Fossil Hill and Mindemoya Members. Th
matrix is of finely crystalline dolomite with scattered
larger dolomite rhombs, iron mineral and some anhedral
detrital guartz. There are areas of larger do;omite
crystals which resemble "biréseye" sfructure and mayv be

void-infilling fabric. There are no silica fabrics.



Description L369-2~3 F1lll, Fl1l2

. . Matrix is sublithographic dolomite with a few i
scattered grains of detrital guartz and ubiquitous iron
mineral. Patches of medium Erystalline dolomite elongate,
‘and parallel to bedding, resemble "birdseve" structure.
These méy represent original voids in the micrite.

L3692 "False Mindemova" closelv resembles the

Mindemoyva Member.

Description L369-4 F113 chert and carbonate
This thin section is of Fossil Hill dolomite;

The groundmass is a mosaic of subhedral to anhedral

coarsely crystalline dolomite containiné inciusiens.

A few crinoid fragments are ?réserved as ghogts-of sparry

dolomite. Spherulitic chalcedony represents silica

~

fabrics.
Description L3€6C-5 Fll4 carbonate

This thin section is cut from a sample of the
"False Mindemova" at the top of the section. t contains

no chert, no fossils, no detrital guartz. The matrix is

sublithographic dolomite.

‘Description L3698 - F1l15 carbonate

This thin section is cut from a Mindemova Member
hand specimen. The matrix is éf sublithographic‘dolomite.
A coarser layer at theltop contains coarser-grained
£§oibmite and a few crystals of feldsvar and detrital quartz

4

grains,

=
)
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Location Lithologz ‘ Thin Section

L371-1, -3 . chert F120, F122
spicqlite :
L371-2 carbonate _ Fi2l

Description L371 chert(Platé 1, fig. &),(Plate 2, fizs. 1,4)
(Flate 5, fig. 2)
In the hand sample this white chert appears very

dense and unfossiliferous,'but thin section study shows it
to be fiiled with sponge spicules. Theée were probably.
preserved in the silica-rich environment of the chert.

The spiculite shows a .number of silica fabrics. The matrix <:
.of the chert is replacement microcrystalline quartz. The
‘walls of thespicules have been replaced by aéicular guartz
crystals. Their interiors are filled with chélcedony or
drusy gquartz mosaic. Many small bioclasts hage been
replaced by spherqlitic chalcedony. Drusy .quartz mosaic
fi1lls voids between spicuies;‘.Soﬁe-of the spicules exhibit
mud-£filled interiors in transverse and longitudinal section

and are brown-stained by carbonacecus matter

Description L371-2 ri2l /ﬁ,Lcazbggate,

The associated Fossil Hill dolomite has a matrix

of fine to medium crystals with no fossil remains or silica
fabrics. There is some anhedral detrital gquartz present,

especially in the coarser layers. .

Environment of Deposition

Shallow marine, obviously favourable for growth

of sponges, low energy.

[
L
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Location : Lithology - Thin Section
. L372-1 carbonate . F130

:DéscriptiOn "L372-1
' This carbonate was collected low in the Fossil
.Hill section at this lbcality.. Matrix is composed of
énhedﬁal,'fine cryvstals of éolomitg making a uniform
moséic.- where fine lavers grade into coarser crystéls sbﬁe'
" grains of detrital gquartz are present. There are no
'lfossils or silica fgbrics. The microfacies méy‘have béen
originally "a micrite or‘cal?isi;fitg. Some winnowing has
:‘:occurred p}oduding Voids now filléé with larger dolomite’
crystals resémbling "birdseve™ struﬁture; |
. This-&olomite resembles the "False™ Mindemoya

which occurs consistently in the Fossil Hill sections

across the Islang, lO'—l2"(3-4m.)‘above‘thé base.
L372-2 _ carbonate F131

Descripticn L372-2

This carbonate was collecteé fronm ﬁpe Mindemova
Member underying the Fossil Hill Member at this location.
Matrix 1s composeé of anhedral, very fine:tO-sublithographic
crystals of dolomite. .Anhedral detrital éuaftz grains,
larger than matrix crystals, are fairly common along with

.iron mineral. There are no fossils or silica fabrics.

w



L373-3 ' chert and carbonate . - Fl32
This chert and carbonate were collected high in
the Fossil Hill Member at ﬁhis-location. It was originally

a stromatonoroid-constructed limestone similar to the one

a

*e 3, Chalcedony infilled the void. spaces
J"ig' - . ) S : .

tz-replaced framework 1s vellow-stained by the
abundant carbcnaceous material. Composite vold-infilling
silica fabric of brown-stained chalcedony and drusy guartz
mosaic 1s common 1in the chert.

The carbonate matrix consists of very "dirty

anhecdral, medium crvstalline cdolomite.

'.J



Location . Lithology Thin Section

L373-1-2 B chert  rl40, .Fl41

-Description L373-1-2 chert

This chert was collected at the base of-the Fossil
Hill Member at the'contact.with'the underlying Mindemova
Member. It is stained pink by sulphide, probaSly pyvrite,
now hematite. It represents a replaced colonial coral,
‘“irst silicified and later do;bmitized. Some volds in thq‘
coral are occupied by guartzs, others by dolomite. Replace-

ment dolomite rhombs encroach upon silica fabric. The

matrix was a pelletoicdal micrite, now dolomite.
Eanvironment of Deposition
Shallow, warm, normal marine condition®, medium
o

energy.-

W
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- Location _ o Lithologv Thin Section

L374-1-2 ' carbonrnate and chert F150, F151

3

'Description L374-1-2

These samples were collected higL.in the.Fossil
'Hill section at this locality and show advanced.dolomi;iza-
tion. The matrix is mostly'carbonate, anhedral, medium
crystalline dolomite with numerous irregular banés of
coarser dolomite crystals. There is a lot of‘iron mineral
Dresent and some-grainé of detrital gquartz. Sonme patéheé

O guartz remain ‘which show the effects of later dolomitiza-

.

he only fossils appear to be quartz-replaced shell

t
v
o]
3
+]

fragments. Stvlolites mark POst-depositional chemical .

surfaces.



Location . Lithology © Thin Section

L375 chert and carbonate Fl60 -

Description L375

This sample of Fossil Hill chert and carbonate

-

was collected low in the Fossil Kill section just above

the contact with thé Mindemova. The matrix of the thig,

section is composed of anhedral, medium crystalline

dolomite. Some dolomite rhombs can be seen in the chers

close tc 'the contact which 'is well-defined.
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