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ABSTRACT '
_ Seven varieties of dolomite and dolostoné, the
products of'four}stégeé of doloﬁitization, ére reéoénizéd
within_ﬁhé‘St. Georgé Group (Lower Ordovician) of western

Newfoundland.

Dololaminites _are syngenetic, formed in a tidal flat

environmént, characterized by prominent shallow water
sedimentary structures, local bioturbation, § 180 vaiueg
6( =4 to -8 o/00 and composed of anhedral, very finely
crystalline, uniformly luminescent dolomite rthPs;
siliciclastic minerals are subordinate.

Eatly-diagénetic (eogenetié) dplomitization, possiblj

initiated by the presence of mucopolysaccharides and

controlled spatially by permeability, hés resulted in three

varieties wadglnndte_and_ﬂolostomeq—élﬁo~va}ues range

between -4 and -10 o/oo. Mottle dolomite selectively T

replaces body and trace fossils and is localized along

pressure solution seams.:Rhombs of matrix dolomite are
evenly distributed in mudstones and wackestones and range
in abundance from trace quantities to 80.percént. Both

varieties are characterized.by finely crystalline, well

—

zoned, idiotopic to xenotopic:dolohitb.'Thoﬁgh initially -

nucleated . during early- diagenesis, they Haveﬁundergone a
prolonged period of growth continuing at least until® the

. *
onset of pressure solution. ’ o
. . ] -




Pervasxve ‘A dolostones are mottled rocks characterized

_ by bimodal crystall1n1ty, fxnely crystalline dolomite in
mottles, medium)crystalline dolomite between mottles. Both
-erefxenotobie and uniformly luminescent td medefately

. zoned. These rocks are coincident with early phases of
mottle/ﬁatrix doloﬁitigation and‘may hqve/developed due to
the mixing of meteoric and marine waters. They have not
been Subjected to late-diagenetic ﬁetiods of growth.

Hydrothermal alteratlon, probably related to tectonics

during 1n1t1al phases of the Taconlc Orogeny (Middle
Ordovician), is .a léte:diagene;jc (mesogenéetic) event and
in the.nortﬁern portion of the study area (Great Northern
Pehinsu}e), has developed two extensive field vérietles.'

Pervasive'g dolostones are bimodal rocks'resultihg from

_overprinting of a dolomite-mottled limestone. Saddle

delomite is a void and fracture filling cement and is
associated\with éphalerite hineralieation near Daniel's
Harbour, Newfoundland. Both varieties are compoeed of
coarsely crystalline, uniformly luminescent and strained

dolomite rhombs (commonly with curved crystal outlines),

and are characterized byé 180 values ranging from

-8 to -12 o/o0.

Hydrotherma‘l dolomitization in the southern portion of -
L}

-the study area (Port au Port Peninsula) is rare. This

variety of matrix dolomite is restricted to the

N

intergranular (matﬁix) ateas of wackestones and packstones.

e




minerals are diverse and abundant.

°

It is similar both petrographically and isotopically to

saddle dolomite. . . ~. ot . -
. a

Cavity-filling dolgstone has filled dissolution voids

in pre-existing dolostones.formed-during periods of
subaerial exposure and is characterized by §180 values
ranging from -6 to -9 o/00. The dolomite is very finely

crystalline,'unffqrmlyflpminescent and anhedral. Accessory

hd e

-KEYWORDS: St. George Group, Lower Ordovicjan, western

Newfoundland, dolomite, dolomitizapion;
diagenesis, isotope geochemistry,

:) - cathodoluminescence, petrographj.
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CHAP'ILER ONE -
/
INTRODUCTION
1.1 PURPOSE:
The St. George Group is a sequéﬁCe of shallow Qater
carbonate rocgs deposited during Early Ordovician time
along ‘the western continental margin of the Proto—-Atlantic

{Iapetus) Ocean (Levesque, 1977, willighs, 1978, Pratt,

1979} James and Stevené, 1982, Pratt and James, in press).

, . . _
Over the past several Hears these rocks lHave been the

subject of many sttdies, with emphasis on their

‘'sedimentology and stratigréphy . (Levesque, 1977, Knight,
197%7a,b, , 1978a,b, 1980, Prat ' 1979, Pratt and James, in

- -

bress), .economic potential, (Cumming, 1968), conodont
biostratigraphy (Barnes and. Tuke, 1970,f.thraeus, 1970,6
1977, Stouge, 1980, 1982) and palaeontology (Flower, 1978,
fortey, 1979, Boyce, 1979, Stouge aﬁd Boyce, 1983), Little
is known, however, about the dolomite and dolostone'which
accounts for approximately one third of the St. George
Group. .
; Y o
The = main goal of this study is to classify and
characterize the different varieties of dolomite and
dolostone in thé St. Cea;ge dk%up, by integrating detgiled
field study with petrographic and geochemical analyses. The
stratigraphic and deograpbic distrihutions of the different o {

varieties, as well as their paragenetic successioh will be

-
"

-1-
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determined And suggestions for poééible mechanisms of

dolomitization will be offered.

1.2 LOCATION AND METHODS: 7
. This stﬁdy is concentrated along the west coast of

Newfoundland where the sedimentology;4‘stratigbaphy and
palaeontology of the St. Georée Group have previously heen.
docu&gntéd (Levesque, _1577, Knight, 1977b, 1980, Pratt,
1979, Smyth, 1982a,p,c; Pratt .and James, in press.). Ten
stratigraphic sections were studied during the summer of
1983, s8ix in the vicinity of the Port au Port éeninsula and
four along :hé west coast of the Great Northern Peninsula
(figure 1.1). In addition, several ;key locations" which
contained interesting dolomite relationships, but where
sections céuld not be/ measured because of uncertainty in
the stratigraphic position’ of the outcroﬁ; were élso
s;udied. These other locations include; Daniel's H§rbour,
Plum Point, River oél Ponds, Spirity Cove, New Ferolle,
Squid Cove, Canada Bay and Hare Bay (figdre 1.1). Taken
together, the measured sections and the key_locations cover'
all known aspects of strétigréphy, sedimentoIogy and
dolomitization found within the St. George.

Each of the geﬁ sections was measured by a
combination of ranée pole and steel tape. Detailed

descriptions of ecolour, grain size, lithology, sedimentary

structures and macfo-palaeontology were made in the field




FIGURE 1.1:

Map of the study area indicating the
distribution of Lower Ordovician platform
carbonates (St. George Group) and the
positionsyof measured sections or key
locations discussed in the text.
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_ 5 .5
for all lithologies (refer to appendix A). The -
classification sﬁﬁémé of Dunham (iééz) was .employéd to
describe the limestones. ‘

Particular emphasis was placed upon the description
of dolomite -and doiosténe. In  additioM to  the
charaéteristic? outlined previously, the ‘cry::al size,
localization, fabriq _preservation ang the amonunt of
dolomite (visually estimated) within gach- 1litho-

@

stratigraphic unit were also noted.

[
-

Approximately 450 samples weré,collected from the ten
measured sections and key IOCaiions and 375 polished thin
sections were 'made from these samples. All thin sections
were stained with a combination of Alizarian Red-S to
differentiate calcite and dolomité:i " and potassium
ferricyan{de to qualitatively estimate 1iron content., One
hundred .and fbrty .five thin sections were rejpolished and
examined by cathodoluminoscope.. These analyses were
supplemented with electron microprobe data.

Selective dolomite and doiostone samples were
processed for X-ray diffraction analysis to identify the
insoluble notn-carbonate fraction and to characterize the
host carbonate. Scanning electron microscopy was also used
16 characterize the different varieties of dolomite and
dolostone.

Carbon -~ oxygen stabln:isotope Analysis was performed

on 50 representative limestone, dolomite and dolostone
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samples. Duplicates ' of these samples  were analysed by’

atomic absorption to determine Sr2* concentrations.

1.3 REGIONAL SETTING: '

The islané of Newfoundland, which marks the northern
términus of the North American Appalachi?ns, has been
éiy{ded into' four : tectono-lithographic io%es by Williams
(1978, -1979), from west to east, these are,éhe Humher, the

Dunnage, the Gahder»and the Avalon-(figure“l.Zp.

The St. George Group 1is wholly confi%ed within the
|
Humbher zone, which is interpreted as\lthe ancient

‘.conﬁinental margin of the Pro}o—Atlantic Ocean.

Sedimentation within the Humber zone Pegan during

Early - Cambrian time following rifting of Gren*illian aged
basement (ca. 1.0 billion years; wiiliamé %nd Stevens,
1974, James and Stevens, 1982). Rift facies cl%stics pass
upward into clastic Qhelf deposits of‘ the Lab&adér Group
and then iﬁto the predomina&tly carbonate dep&sits of the
Middle‘ ;_ Upper Cambrién Port au Port Group (figure 1.3),
T “Apart from a few minor? breaks, this stéble carbonate shelf
sedimentation continued through Early Ordovician time (St,
George deposition) and into Early Middle Ordovician time
(Table Head deposition) (James and Stevens, 1982). The
lower portion of the Tablg Héadypasses ubward into deep
water cérbonates, shales and finally flysch recording the

collapse of the stable continental margin (Klappé et al.,







FIGURE 1.3:

Authochthonoous stratigraphy of the Humber
Zone. The position of the St. George Group is
indicated by the stippled pattern. Important
disconformities within the St. George are
also identified (modiffed from Knight,

1977b, James and Stevens, 1982 and Lane,.
1984). Allochthonous sediments of the Humber

Arm Supergroup were emplaced during the
Middle Ordovician.







10
1980). Subsidence proceeded emplacement of allochtHonous

strata‘ (Humber Arm Supergroup) derived from the east and

‘transported 'westward (Williams, 1978, James and Stevens,

19'82; fiqure 1.3},

In the. Port au Port region (fiqure '1..1), these

allochthonous strata are overlain by the neoallochthonous
upper Middle oOrdovician Long Point Group, by the Upper
Silurian? - Devonian Clam Bank Formation and, the

Carbonifefc?us . Codroy Group (James and Stevens, 1982, Dix,

1982; figure 1.3).




CHAPTER TwO

STRATIGRAPHIC AND SEDIMENTOLOGICAL FRAMEWORK

2.1 PREVIOUS WORK:

‘Carbénate rqcks which cgop out along the west coast
of Newfoundland have been s;udied regula:ly. since the
initial stratigraphic investigation carried out in 1861 by
Sir James Richardson (pdblished in‘Logan, 1863), Since that
time, numerous studies involving some aspect of the Lower
Ordovician carbonates, (or carbonates that woild later be
assigned an Early Ordovician age), Have been published.
Thfase of inteFest to this study are summarized briefly in
‘table 2.1,

Many‘ of the .previous studies summarized in table 2.1
were primarily concerned with fitting Fheaarocks into a‘
" stratigraphic framework. The name! St., George has been
retained since .its initial usage By Schuchert and Dunbar
{1934}, but’ ét various times, the St. George carhonates
have been assigned formational status (Kindle and
Whittington, 1965, Whitting;ton and Kindlg, 19'65, Smit,
1971, boiiins and Smith, 1975, Levesque, 1977), or group
status (Sullivan, 1940, Besaw, 1972, 1973, 1974, Knidght,

—

1977b, - Pratt and James, in press.). The mdst_ recent

reasséssment of stratigraphic nomenclature, and the scheme

that shall be wused in this study, is t'hat_ proposed by

Knig'ht and James (in prep.). They assign Groupi status to

“11l-




TABLE 2.1: S'uanu;aty of major previous studies concentrating
on the St. Gegorge Group. -

.

PUBLICATION

. SUMMARY: OR IMPORTANT CONCLUSIONS

Juxes (1842)

FIRST PERSON TO EXAMINE THE GEOLOGY OF WESTERN NEWFOUNDLAND,

o 1

FIRST COMPREHENSIVE STUDY OF THE smn{snnm OF THE WEST COAST OF NEWFOUNDLAND
?tscnueo AND_NAMED THE POTSDAM GROUP (UNITS A TO CJ, AMD THE GQUEBEC GROUP
UNITS D TO @), MISTAKFNLY |DENTIFIED CAMBRO-ORDOVICIAN STRATA AS LOWER
SILURTAI IN AGE, P

muRRAY (186E)

(GREAT NORTHERH

EXAM]INED g]HlLAl CARBONATES IN CANADA BAY AND HARE BA i
f "

PENINSULA) ASSIG! ING THEM EARLY ORDOVICIAN (LLANDEILO

SCHUCHERTY § DunsaR (1934)

REDEFINED MUCH rF CMBRO'?RDOV CIAH STRATIGRAPHY,

RE-ASSIGHED R)CAARDSON'S (1061) POTSDAM GROUP TO THE UPPER CAMBRIAN LABRADOR
SERIES; TiVIS! UNS D T0 ] OF THE QUEBEC GROUP TO THE LOWER ORDOVICIAN ST,
SCCRIT ZIntes, DIVISIONS K TO N TO THE TABLE HEAD SERJES, DIVISION O TO THME
LONG POINT SERIES; DIVISION P TO THE COW HEAD GROUP 9ND DIVISION @ TO THE -
GREEN POINT AND HUMBER SERIES (ALL MIDDLE ORDOVICIANI,

PLACED THE TYPE SECTION OF THE $T. GEORGE SERIES AT THE GRAVELS ON THE PORT
AU PORT PENINSULA. SUGGESTED THAT THE ST. BEORGE-TABLE HEAD CONTACT WAS

UNCONF ORMABLE .

cooper (1937}

EXAMINED THE MARE BAY AREA {GREAT NORTHERN PENINSULA) RECOGNIZING THREE
LIMESTONE UNITS. THE SOUTHERM ARM AND BRENT ISLAND LIMESTONES ARE CORRELATIVE
WITH THE ST, GEORGE SERIES; THE HARE ISLAND LIMESTONE 1S CORRELATIVE WITH THE
MIDDLE CRDOVICIAN TABLE HEAD SERIES.

sET? {1939)

EXAMINFD' CAMRRO=~ORDOVICIAH CARBOMATE OUTCROPS IN THE CANADA BAY AREA AND IN SO
DOING, DEFITED FOUR NEW UNITS., THE CHIMNEY A®RM FQRMAZIJON WAS CORRELATIVE WITH
THE ST, GEORGF SFRIES; THE REMAINING THREE WERE CORRE(ATIVE WITH CAMBRTAN OR
MIDDLE DRDOVICIAN STRATA.

socLivan (1940)

STUDIED THE GFCLOGY OF THE PORT AU PORT AREA AND ASSIGNED THE ST. GEORGE GROUP
STATUS, SUGGLSTED THAT THE ST, GEORGE WAS 1N FAULT CONTACT WITH THE UNDERLYING
CAMBRIAN BOCKS AMD THAT SUBSTANTIAL FAULTING HAD AFFECTED SCHUCHERT AND
DUNBAR'S (1934) TYPE SECTION OF THE 5T, GEORGE.

TROELSON (1947)

EXAMINED THE BONNE BAY AREA AND DIVIDED THE ST, GECRGE INTO FIVE NUMBERED
UNITS. SUGGESTED THAT THE BASAL PORTION WAS CAMBRIAN IN AGE.

Jomnson (1949)

PRODUCED A ?EGIO AL DESCRIPTION OF THME ST. GEORGE GROUP, DISCOUNTED
SULLIVAN'S (1940) SUGGESTION TMAT THE CAMBRIAN AND ORDOVICIAN WERE TN FAULT
CONTACT ON THC PORT AU PORT PENINSULA. -

WALTHIER (1947, 1949)

PROPOSED THAT THE BASAL UNITS OF THE ST, GEORGE WERE EQUIVALENT TO QUARTIITES
FOUND WITHIN URPER CAMBRIAN STRATA.

oxLEy (1353)

MAPPED THE GFOLOGY OF THE PARSON’S POND = ST, PAUL’S AREA ON THE GREAT
NORTHERN PEMINSULA FOCUSING MOSTLY ON ORDOVICIAN STRATA,

JOMNSON (1954)

STUDIED STROMTIUM ORE DEPOSITS LOCALIZED l'; PRE-CARBONIFEROUS TOPOGRAPHIC LOWS
WITHIN ST, GEORGE STRATA IN THE PORT AU PORT AREA, : :

NELSON (1355)

MAPPED THE GgOLOGY OF THE PORTLAND CREEK-PORT SAUNDERS AREA (INCLUDES ST,
GEORGE ROCKS) OF THE GREAT NORTHERN PENINSULA. -

wooD At (1957)

DESCRIBED THE “RECRYSTALLIZED” DOLOSTONES OF THE ST. GEORGE GROUP FROM THE
PORT AU CHOIX - CASTOR RIVER AREA OF TME GREAT NORTHERN PEIINSULA.

LIy (1%

STUDIED THE HUMBER GCRGE AND GOOSE ARM AREAS" OF WESTERN WEWFOUNDLAND AND
SUBDIVIDED THE S$T. GEORGE GRQUP INTO THE HUGHES BROOK AND CORNER BROOK
FORMATIONS, FIRST (PUBLISHED) DETAILED PETROGRAPHIC AND GEOCHEMICAL ANALYSES
PERFORMLD ON ST, GEORGE DOLOMITES AND DOLOSTONES.

"RILEY (1962).

STUDIED THE STEPMENVILLE MAP AREA (PORT AU PORT PENINSULA). REPORTED
PREVIOUSLY UNPUBLISHED DATA AND WAS THE FIRST PUBLISHED STUDY DISCUSSING
MAGNETIC ANWO,LIES DETERMINED FROM AN AEROMAGNETIC SURVEY,

KINDLE & wHITTINGTON
WHITTINGTON & KIMDLE

1888

¥

REDUCED THE ST, GEORGE TO FORMATIONAL STATUS. DISCOVERED CAMBRIAN TRILOBITES

;:“:I:A :’:l VIOUSLY INTERPRETED AS LOWER ORDOVICIAM IN AGE BY SCHUCHERT AND
8. .

cueming (1367)

DJSCOVERED AN ERDSIONAL CMANNEL CUT INTO DOLOSTOMES AT THE $T. GEORGE-TABLE
HEAD CONTACT AT AGUATHUNA QUARRY ON THE PORT AU PORT PENINSULA. THIS
CONFIQMED SCHUCHERT AND DUNBAR'S BELIEF THAT THME CONTACT WAS UNCONFORMABLE AT
THIS LOCALITY, . . Pl

cumnin (1968)

DISCUSSED THE ROLE OF THE ST, GEORGE-TARLE HEAD UNCONFORMITY ON SPHALERITE
MINERALTZATION 1M THE DANIEL $ WARBOUR AREA OF THE GREAT NORTHERN PENI*ISULA,

Tuxe (1968)

XAMINED T™O PACKAGES OF CAMBRO-ORDOVICIAN ROCKS N THE PISTOLET BAY AREA
NBAR TME NORTMERN TERMINUS OF THE GREAT NMORTMERN PENINSULA), THE FIRST
PACKAGE, AM AUTOCHTHOMOUS SUITE OF CLASTIC AND CARBONATE STIAIA; WERE
CORRELATIVE WITH THE CAMBRIAN AND LOWER TO MIDDLE ORDOVICIAN (INCLUDES THE ST.

GEORGE GROUP). THE SECOND PACKAGE WAS INTERPRETED AS ALLOCHTHONOUS AND }$
OMPOSED OF GREYWACKES, VOLCANIC AND ULTRA BASIC ROCKS. DETERMINED TWAT THE

T. GEORGE-TABLE MEAD CONTACT WAS CONFORMABLE AT TMIS LOCATION,

12
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TABLE 2.1: Continued " ’
PUBLICATION SUMMARY ORIMPORTANT CONCLUSIONS |
sarnEs & Tuxe (197D) :;gg:gn‘ggnoooqrs FROM THE ST. GEORGE FORMATION AND ASSIGALD THEM A LOWER

REDEFINED THE' STRATIGRAPHY OF THE CAMBRO-DRDOVICIAN ROCKS IN THE LIGHT OF ) .

wITTINGTON & xiwoLe(1969) [T TTED, ot DISCOVERIES MADE SEVERAL YEARS EARLIER,

EXAMINED CONODONTS FROM TME ST, GEORGE GROUP AMD DETERMINED TMAT THEY (OULD BE

Fhnragus (1970) USED TO CORRELATE THE ST. GEORGE WITH BALTO-SCANDIAN EQUIVALENTS.
) . STUDIED THE CAMBRE;ORDOV CIAN CARBONATES WITH RESPECT TO THEIR SEDIMENTOLOGY : S
smiv €197)) AND PETROGRAPHY. LATER, (SWETT AND SMIT, 1972), COMPARED THE MEWF OUNDLAND :
;. SWETT AKD SMIT (1972) STRATA W1TH SIMILAR ROCKS 1N NORTHWEST SCOTLAND AND GREEHLAND. THEY SUGGESY

COMMON DEPOSITIONAL AND DIAGEMETIC HISTORIES FOR ALL THESE AREAS.

EXAMINED THE PORT AU PDRT PENINSULA IN AN ATTEMPT TQ LOCATE AND MAP
METALLURGICAL GRADE CARBONATE DEPOSIYS TD BE USED TN THE STEEL INDUSTRY OF
pEsaw (1972,1973,1974) NOVA SCOTIA, REASSIGNED GROUP STATUS TO THE $T. GEORGE CARNOMATES. DEFINED
FIVE LITHOLOGICAL UNITS TO THE ST, GEORGE GROUP; THE LOWER COVE, PIGEON MEAD, *
. PINE TREE, WHITE HILLS AND PORT AU PORT. TWE BASAL LOWER COVE WAS LATER
DETERMINED AS CAMBRIAN IN AGE.

a INVESTIGATED THE LIMESTONE RESOURCES OF NEWFOUNDLAND AND LABRADOR (INCLUDING
- DEGRACE (1974) TME ST, GEDRGE GROUP. ‘

— e

STUDIED STROPTIUM AND LEAD DISTRIBUTION [N STREAM SEDIMENTS ON THE PORT
DAVENPORT ET AL., (1975) |port PEmINsuLA. ° ’ ENTS O THE PORT AU

: STUDLED THE $T. GEORGE GROUP IN .THE PORT AU CHOIX AREA AND DIVIDED 1T INTO
xLuvver (1975) THREE FORMATIONS, IN ASCENDING ORDER THESE ARE; THE BARBACE POINT, THE CATOCHE
AND THE PORT AU CHOIX,® * ’

EXAMINED THE ST, GEORGF IN THE DANIEL'S HARBOUR AREA, AGAIN REDUCING 17 TO
. COLLINS & smiTw ()1975) |FORMATIONAL STATUS. SUBDIVIDED THE ST. GEORGE FORMATION ON THI BASIS OF

DIAMOND DRILL CORE INTO THREE UNITS; THE LOWER LIMESTONE, THE DARK GRIY
DOLOMITE AND THE CYCLIC DOLOMITE,

\ STUDIED THE STRATIGRAPHY AND THF SEDIMENTOLDGY OF THE ST, GEORGE FORAATION IN
LEVESQUE (1977} THE PORT AU PORT AND PORT AU CHOIX AREAS, IDEMTIFIED THREE MEMBERS, THE
LOWER CYCLIC MEMBER, TME MIDDLE LINESTONE MEMBER AND THE UPPER CYCLIC MEMBER,

- REDEF INED STRATIGRAPHIC NOMENCLATURE OF THE ST, GEORGE GROUP ON THE GREAT
NORTHERN PEMBNSULA. IN ASCENDING DRDER THEY DEFINED; THE UNFORTUNATE COVE
FORMATION, THE WATTS BIGHT FORMATION, AN UNNAMED UNIT (LATER NARED THE BOAT .

HARBOUR FORMATION, KNJGMT, 1980), THE CATOCHE FORMATION, (W|TH THE LAIGNET
KNIGHT (1977a,3, 1978, 1980) |POINT MEMBER LOCALIZED AT THE TOP), DIAGENETIC CARBONATES AND THE 81 lccoys
- DOLOMITE FORMATION. THE NAME UNFORTUNATE COVE WAS DROPPED BY KNIGMT (]eae

KNIGHE aD SALTWW (1980) WHEN THE WATTS BIGHT FORMATION WAS REDEFINED.' "
THE WATTS BIGHT AND BOAT mm?oua FORMATIONS ARE APPROXIMATELY [QUI VALENT 10
THE BARBACE POINT FORMATION (KLUYVER, 1373) AND THE DIAGEMETIC CARBONATEY AND

: SILICEOUS ?ou.mnf ORMATION ARE APPROXIMATELY EGUIVALENT TO THE PORT Ay CHOIX .
. ForMaTION {OP, CIT.).

FLowgr (1978) . |STUDIED ST. GEORGE AND TABLE MEAD CEPHALOPOD ZOWATIOW IN WESTERN NEWSOUNTLAND.

BOYCE (19{8, 197?58 STUDIED TRILOBITE BIOSTRATIGRAPMY OF THE CAMBRO-ORDOVICIAN ROCKS OF WESTERN
STOUGE AND BOYCE (1983) |wewrounDLAND. .

: . FORTEY (1979) STUDIED TRILOBITE FAUNAS FROM THE CATOCHE FORMATION OF THE ST. GEORGE GADUP,

KNIGHT (198%) - :
SNOW AND KNIGHT { 979) SUMMARIES OF A REGIONAL MAPPING PROJECT OM THE GREAT NMORTHERN PEN! MSULA,
KNIGHT aAND BOvCcE (1984) .
STUDIED THE 87. GLORGE GROUP FROM PORT AU PORT TO CAPE NORMAN CONCENTRATING
PRATT (197 Ul THE CRYPTALGAL STRUCTURES, THE SEDIMENTOLOGY AND THE DIAGENETIC NisToRY
PRATT AND JARE 1982) OF THE ROCKS. THE FORMER TOPIC WAS DISCUSSED N PRATT anD JAmEs (1992).
PRATT AND JAAES f"‘ PHEss) | INTRODUCED THE NAME. AGUATHUNA FORMATION FOR THE UPPER MOST DIV!SION o; YHE

ST. GEORGE GROUP (EQUIVALENT TO KMIGHT'S SILICEOUS DOLOMITE FORMAT]ON),
SUGGESTED A TIDAL FLAT - ISLAND DEPOSITIOMAL MODEL 10 EXPLAIN FACIES .
DISTRIBUTION WITHIN THE ST, GEORGE GROUP.

EXAMINED COMODOMTS WITHIN THE ST, GEORGE GROUP FROM DUTCROPS Ok THME GREAT

stouse (1980, 1982) NORTHERN PEMINSULA AND DETERMINED A 20NATION SCUMEME POSSISLY APPLICABLE To The
ENTIRE ST, GEORGE GROUP, . ,
STUDIED CARBONATE BARZCCIAS ASSOCIATED WiTw SPHALERITE MINERALIZATLON AT
. LANE (1384) DAKTEL S HARBOUR. . .
HAYWICK AND JAMES (1984) GROUPED TME DOLOMITE AND DOLOSTONE FOUND WITHIN THE ST. GEORGE GROUP lth .

SEVEN DISTINCT VARIETIES, *
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the St. George and'rec&gnize four formations. In ascending
order, these aré:"_the watts Bight, the Boaf Harbour, the
Catoche and the Aguathuna (figufe 1.3).‘

In contrast to the voiupinous amouht of stratigraphicA
literature that has been published, very little data has
been gathered with respect to the dolomites withyﬁ ghe St.
Georgé. The earliest studies simply stated that dolomite

made up a significant pfoportion of the 1lithology and

briefly described the textures that could be obsefved in

the field (Schuchert and Dunbar, 1934, Sullivan, 1940,
walthier, 1947, 1949, Oxley, 1953, Woodard, 1957).
Petrograpﬁic ng bulk chemical analyses of~1aminated
dolostones were integrated with field observations by Lilly
(1961) as part of' his study of the geology of the Hughes
Brook - Goose Arm ﬁreas. He was, however, not concerned‘
with the ghemiétry of the dblostone, but was. more

: '
intereated in determining the relationships between

dolbstqqg and limestone (Lilly, 1961).
| Other studies which investigated dolostones within
the St. 'George Group did so for economic reasons. Johnson
(1954) was interested in strontium deposits asséciated with
pre-Cgrb;niferous topographic lows within st. Georgé
dolostones in the Aguathuna Ouarry'area of the Port au.Port
-Peninsula. Besaw (1972, 1973, 1974) was interested in
locating and mapping meéallurgical grade carbonate deposits:
- ;

in the Port au Port area to be used in the steel industry

of Nova Scotia. His studies relied heavily upon bulk




chemical analysis of both limestones and dolostones.

The discovery of sphalerite mineralization 1in the
area of Daniel's Harbour which was associated’w;th "white
sparry', dolomite sparked mdny studies to'uhde}stand these
deposits (Cumming, 19%8, Collins and Smith, 1975, Lane,
1984)} and to’ lpok for other deposits elséwhére {e.qg.
Kluyver, ,1955).' The .“white sparry" dolomites have been
ddcuménted in Lerr Ordovician strata from the fable Point
area to Cape Norman .on, the Great Nortﬁern Peninsula
(Nelson, 1955, woodard, 1957, Tuke, 1968, Kluyver, 1975,
Levesque, 1977, Knight, 1977a,b, 1978, 1980, 1983, Snow and

VJKnight, ~1979,. Pratt, 1979, Knight and Saltman, 1980,
Haywick and Jamés, 1984), -

’ Studies by Levesque (1977; ;nd Pratt (1979) examined
-oﬂt&rops .from the Port au Port Peninsula to Cape Norman.
Levesque recognized three varieties of dolomite which Pratt
later confirmed. In apprfoximate paragenetic sequencé, these °

varieties were classified as; syngenetic, diagenetic and

~ epigenetic.

2.2 MEASURED SECTIONS: -

‘i » The strafigraphic section§ measured at each of thé'
te& pfinciplé areas investigated as part of this stuﬁy are
presented graphically in appendix A (back pocket). Each
section displays ~ general lithologies -(Dunham, 1962),
sédimentary structures, macroscopic ‘faunaf content,

stromatolitic and thrombolitic buildups, secondary
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mineralization, and the degree of bioturbation- (refer to

figure al, back pocket). Selective dolomitization or

silicification of fauna of ichnofossils are denoted by a

. -

subscript  d or s respectively, The presence of abundant
pressure solution ééams or stylolites, chert pebbles and
other' components, and the bitumin hcontent are a{so
indicated. ‘ |

The amount of <dolomitization within each

lithostrdtigraphic wunit (visually estimated as between 0

and 100 percent of the unit), is schemétically summarized

by way of a-histogram on the left side of each section. The
variety of dolomite or dolostone {discussed in chapter

three) is also shown on this scale.

w
[ 4

2.3 WATTS BIGHT FORMATION:

=

The Watts Bight Formation lie ormably upon
dolostoneé of the Upper Cambrian Petit Jardin Formation
'(figure 1.3); The type section of the Watts Bight Formation
at- Watts Bight, (near Cape Norman on the western side of
the Great Northefn Peninsulal, is approximately 80 métres
thick. It ig coﬁposed of daFHJ grey to black, fine to
coarsely crystalline, burrow mottled, vuggy, often cﬁeréy,
stromatolitic and thrombolitic dolostones (Knight, 1977b,
1978, 1980, Knight and James in prep.).

The preservation  of the étromatolites and
.tﬁtombolitesl is often spectacular, due mainly to colour

variations in the ‘dolostone and selective dolomitization
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(plate 2.la,b). The growth forms of the stromatqlites vary
between SH-C, columnar and digitate SH-V types (as defined
by Logén, et al., 1964), stacked hemispheroids and
cryptalgal -laminations (Knight, 1977b). Cr?ptalgal
structures in the St. George have been discussed by Pratt
(1979). ! |

* The béspl part of the Watts Bight~Formation contains
finely crystalline, laminated doldstones {(dololaminites of
Waniess, 1975 and Haywick and James, 1984), with abundant
-cryptalgal laminations and chert. .

" on St. _John 1Island (between Port au Choix aﬁd New
Ferolle; figure 1.1), Knight and Boyce (198B4) have
identified partially dolomitized stromaéolitic gudstones
that may be equivalent to the dolostones of the Watts Bight
Formation elsewhere én the west coast of éhe Great Northern
Peninsula. The exact correlagion is . not. yet well
established and trilobite remains found in éhe limestone
suggest possible equivalence with thé>;déér1ying Bo;t
. Harbour Formation-(Knight and Boyce, 1984). :

On- the -eastern side of the Great Northerﬁ Peninsula
in tﬁe area of Canada Bay (Figure 1.1), most of the Watts
Bight Fofmation ié composed” of bioturbated lime mudstone
"and wackestone. The thickness of the stromatolite interval
decreases from 80 metres to 17 metres aﬁﬁ the doloé}ones

that are prevalent on the western coast of the peninsula,

are confined to the basal 7 to 17 metres of the formation -

(Knight and Saltman, 1980). B

L &




PLATE 2.1:

STRATIGRAPHY AND SEDIMENTOLOGY OF THE WATTS
BIGHT FORMATION. i
A) Columnar thrombolites preserved in
dolomitizéd strata; Cape Norman. These algal
structures are recognizable because of
selective ‘dolomitization and colour
differences. Hammer is 30 cm in length.

B) As above. Field book is 19 cm long.

C) A bedding-plane view of cerebral structure
in partially dolomitized thrombolite mounds
within the "Green Head Bioherm"; Isthmus Bay.

D) Detailed plan view of the dolomitized

‘thrombolites pictured above. HeFfe, dolomite .

has selectively replaced the matrix between
the thrombolites rather than the algal
structures themselves. Lens cap is 6 cm 1in
diameter. '

E) Contact between dolostone (dolo) and
limestone (lime); Isthmus Bay. Both
lithologies are mottled by abundant
ichnofossils.

F) Breccia bed marking the contact between
the Watts Bight and Boat Harbour
Formations; Cape Norman. This horizon has
bgen interpreted as a disconformity
surface by Knight, (1980). Wide divisions -
on scale bar are 25 ¢cm in length.
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Dolostone is the dominant 1lithology of the Watts
Bight Formation in fhe eastefn Port au Port area., Partially
AOIOmitized stromatolites and \ihrombolite are again
abuﬁdant and commonly form prominent mound complexes such
as the "Green Head Biohetms" at Isthmus Bay on the Port au
Port Peninsula (Pratt, 1979, James and Stevens, 1982, Pratt
and James, 1982; figure 2.1, plate 2.lc,d). The medium
crystalline dolostone weathers bgff to medium g;ey and is
locally chert rich.

"Remnant* limestone that has appa;éntiy escaped
regional dolqmitization, is a common component of the Watts
Bight Formatién in the Port au Port area and is usuaily of
a ”'mudstone br wackestone texture, Recently, conoéonts
obtained from limqstonés that crop out aloné the southern
shore of the‘ Port au Port “Peninsula have yielded Early
0rﬁovician (Early Canadian) ages (N, P, James, pers,
comm.i. These limestones may represent non-dofomitized
equivalents of the wWatts Bight Formation.

Biotuibation is wubiquitous in the Watts Bight giving
a mottled appearence to both the dolostones and the
limestones (plate 2.1e). Gaséropéds (eg. Maclurites),

' cephalopods - (eg. Clarkoceras, Ectenolites and

Diaphragmoceras; B. Stait, pers. comm.), brachiopods and

trilobites are common in these rocks. Crinoids and corals
. 7
are present but only rarely.

The contact between the Watts Bight and the overlying

" Boat Harbour Formation along the western coast'of the Great
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FIGURE 2.1: Reconstructions of the living surface of mound
buildups in the St. George Group.
A) Thrombolite mounds.
3) Lichenaria-Renalcis mounds.

Thrombolites are coloured black. Other fauna
‘include unspecified species of : sponges (S},

trilobites (T), rostroconchs (R), nautiloids (N},

gastropods (G), Lichenaria (L) and pelmatozoans
(P). (From Pratt and James, 1982).
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Northern Peninsula is marked by a limestone, dolostone and
chert clast breccla (plate 2.1f). Breccia filled fractures
alsbw ‘' penetrate down into the .top .of the Watts Bfght.
Knight' (1980) interprets this horizon to represent a
disconformity that predates deposition-*of the Boat Harbour
rocbs. This disconfo£mity may be localized to the Great

—Northiern Peninsula as the conftact appears conformable south

in the Port au Port area (Haywick and James, 1984).

2.4 BOAT HARBOUR FORMATION:

The type Sectign of the Boat Harbhour Formation is
located at ~ Boat Harbdur' neér Cape Norman on the Great
Northern Peninsula iKnight and Jamesf.-in prep.),(figure
1.1), . It is approximately 120 metres thick and is
predominantly composed - of bioturbated mudstones and
-wackestones. These limestones are locally stromatolitic
(plate 2.2a,b), grainy and are commonly interbedded with
finély crystalline dololaminites (Knight, iQ??b, 1980,

Pratt, 1979; plate 2,2c).

. The 1lithology of the Boat Harbour Formation is

similar to the east in the Canada Bay area, and to the
south in the region of Port au Port. In the east, however,
the typical interbedded limestone - dololaminite lithology
has a .strong stromatolite, thrombolite and primative-corai'
mound .component' (Pratt, 1979, Knight, 1980,* Knight and |
Saltman, 1980, Pratt and James, 1982). ‘

The limestones and dololaminites in all areas .are
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PLATE 2.2: STRATIGRAPHY AND SEDIMENTOLOGY OF THE BOAT
HARBOUR FORMATION,

A) Hemispheroidal stromatolites within thin
bedded limestones; Isthmus Bay. Fine
carbonate mud is draped between the two
stromatolites. Hammer is 25 ¢m long for
scale. ! ‘ '

B) LLH stromatolitic mudstone in
cross-section; Isthmus. Bay. Lens cap is 6

cm in diameter.

C) Finely crystalline dololaminite {)
—tnterbedded with limestone; Isthmus Bay.

Divisions on scale bar are 25 cm in length.

D) Shrinkage cracks atop .lime.mudstone;
Isthmus Bay.

E) Bifurcating, symmetrical wave ripples,
(trending approximately parallel to the
hammer) atop a wackestone bed; Isthmus Bay.
The lower bed is characterized by wave
ripples of a different form (straight
crested) and orientation (approximately
parallel to the measuring pole), compared to
those on .the upper bed.

F) Flat bottomed grainstone channels
(arrows) cut into a hardground within a
thrombolitic mudstone; Isthmus Bay.

G) Poorly developed straomatolite (arrow)
within dololaminite, Isthmus Bay.

H) Preferentially dolomitized ichnofossils.
in a wackestone bedding plane; Port au
ChOix. ) ) © ’ )







characterized by a wide spectrum of shallow water
sedimed\t.ary structures and components. The most abundant in
in the limestones include desication cracks (p/late 2.2‘d).
bifurcating and symmetrical wave ripples (platle 2.2e5.
Lehticular._ to laéer‘_ally continu'ous, cross-bedded "oolite
.beds, Ahardgro'unds (plate = 2.2f)  and herringbone
cros:s-stratification are present, but aré noﬁ as common.
Grainstohe horizons range from cdntinuous to lenticular and
na surround ‘,.or fil,i topographic depressions: around

may

cryptalgal mound structures (Levesque, 197'i,, Pratt, 1979).

Dololaminites are characterize.c.l . by desiccation
cracks, prism cracks, tepee structures, intraformational
breccias and _poox:ly devel‘oped,! small stromatolites (piate'
2.2g). Theée' dolostones are fre&']uently of a 1imi.ted lateral
ex.tentv and may grade into stromatoli‘tic / thrombc;litic‘
‘horizons,‘ o‘r mudstones (Levesque, 1977:, Pratt, 1979, Pratt
and James, 'in press.).

Stylolites and pressure solution seams, usually

marked. by an accumulation of dolomite, are a common

component of most Boat Harbour limestones. Ichnofossils are

also ~ very abundant and are often preferentially dolomitized

(p'late 2.2h). The combination of the stylolites and the -

ic.:hnofossils _givés rise to the characteristic dolomitic
mottling so preva.lent' in ‘st. Geox-:cje. limegtones. These
mottles had breviously 'been interpreted ;as."fucdids' by
Schuchert and VDur_\bar (1934). |

Argillaceous, dolomitic shales, some of which contain
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rounded quart.z silt, are '-present within the Boat Harbour
Formation in the Port au Port‘ area, but are minor.

Towar,s the top of 'the Roat HarbourkF‘omation is a
horizon characterized by quartz-,- chert and dglostone
pebbles. This “"pebble bed;' is correlative from the wester.n‘
side of the Great Nort_hern Peninsula south to the Port au
Port Peni'nsu‘la and is generally regarded as. an
disconfbrmity' (Knight, 197.7b, 1980, Pratt, 1979, Stouge,
1980, 1982, Haywick and James, '19v84). An eros ional sufface
expose'd ndrthwes.t of Canada B-ay'which may beuequivalent to
the pebble bed (Knight and Saltman, 1980, Stouge, 1980,
i982), strongly Sl;ggests ~ that this exposure\ horizon 1s of
widespread, regional extent, -

The 'pebble bed is well exposed on the Port au Port
Penins’ula where it overlies 14 metres of chert r'ich,’

Y

mottled dolostone. This dolostone is punctuated by numerous
cavities that are filled with finely crystall i;-ae dolostone
which Pratt (1979) intérprets' as kars‘;.t solution pipes
formed, and filled during sub-aerial exposure (figqure 2.2).
Above --the 'pebble—.—bed, stromatolitic and burrow tﬁottied-
limestone with very little chert or dolostone, is the
dominant rqck type.

Stouge (1980, -1982) sampled the Boat Harbour
{-‘ormatiqri across the pebble bed in the Cape Norman’ area ancl
found it to.yield # ';!neagre' conodont fauna. Nevertheless,

he did observe an abrupt‘ changé in fauna across the horizon

suggesting the presence of a hiatus in deposition. iaoyce




FIGURE 2.2:

Schematic representation of the "pebble bed" and underlying strata at Isthmus
Bay on the Port au Port Peninsula (for location, refer to figure l.1). The
rocks beneath the pebble bed are extensively dolom1txzed, locally brecciated
(possibly by solution collapse) 'and are rich in chert. Solution pipes,
localized in a horizon approximately 10 metres beneath the pebble bed, are
filled with fine grained sediment. In comparision, rocks above the pebble bed

" are mostly limestones with few diagenetic alterations. Names given in

parentheses are specific varieties of dolostone defined and descrlbed in
later chapters. (Drawn to scale).
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(1979). and Stouge and Boyce (1983) have also reported the
absence of trilobite Azone Gl at the pebble bed near Cape
Norman further supborting this conclusion.

Samples collected from just above and befow the
pebble bed at.Port’au.Port as part of this study failed to
yield signifiéant numbers: of conodonts preventihg any
biostratiéraphic determination of .é hiatus 1in this

location.

2.5 CATOCHE FORMATION:

The Boat Harbour 1is conformably overlain by the

Catoche Formation, a sequence of bioturbated, fossiliferous
limestones which are locally extensively dolomitized. The
most cbmplete‘.section crops 4out at Port au Chéix on the
Great Northern Pehinsula where 100 metres of limestone pass
upward into 50 metres Qf medium to coarsely crystalline
dolostone (Knight, 1980). This prominent dolostone is found
everywhere north of Table Point (figure 1.1); In more.
southerly regions ksuch as the eastern Port au Port
Pepinsula and Smelt Canyon), this upper intefval lacks the
coarsely crystalline component, but does coniaih lenficular
to continuously bedded, chérty, burrow mbttleq: medium
crystalline dolostones, inﬁerbedded with lime mudsterS'
(plate 2,3a).
The limestone in all regions is predominantly thin té

medium bedded (1 centimetre to 1 metre) mudstone and

wackestone. ‘Grainstone beds "are less common and are




PLATE 2.3:

L}

STRATIGRAPHY AND SEDIMENTOLOGY OF THE CATOCHE

FORMATION.

A) Mottled, and locally cherty dolostones
interbedded withi limestones; Smelt Canyon.

B) Thinly bedded mudstones characterized by
numerous tepee Structures (arrow) in the
basal Catoche; Isthmus Bay.

C) Bioclastic floatstone bed containing
abundant brachiopods, trilobites and splral
and coiled gastropods, Lower Cove. D1v1s1ons
on scale bar are 5 cm in length,
D) Stylolites (arrow), marked by an
accumulation of dolomite within a wackestone
bed; Smelt Canyon. This is a common form of
mottling within the Catoche Formation at this
location. Viewed in vertical section.
E) Part1ally dolomitized thrombolite mounds,
Aguathuna OQuarry.

'
F) Solution ‘enlarged Jolnt patterns
atop fenestral mudstones; Aguathuna Ouarry.
The age of the solutlon enlargement 1is likely
Carboniferous,

G) Interbedded dull grey and cream coloured
dolostone; Back Arm. Together these rocks make
up a prominent dolostone horizon found near
the top of the Catoche Pormation everywhere.
north of Table Point,

" H) Coarsely crystalline dolomite localized to
fractures within dolostone; Table Point. This
sparry dolomite is associated with sphalerite
mineralization at Daniel's ﬂarbour.
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typically 1lensoidal. Limestones ‘in the basél portions of
the 'forvgtion are lbcaliy mudcracked (plate 2.35) and may
ééntain bifurcating and symm;tricai wave ripples.

Sponge, stromatolite and thrombolite mounds are
present in ‘all areas but are especially common in the
Canada Bay and Hare Bay regions. Shelly qusils are
- abundant . evérywhere in the formation and include trilobites’
(Boyce, 1979, Fértey; 197§, Stouge and Boyce, 1983),
brachiopods, c¢rinoid ossicles, coiléd and spiral gastropods
and éephalopods (Flower, 1978) (plate 2.3c), As in the
lower formations of the St. George, stylolites are usually
marked by the accumulation of dolomite (plate 2.,3d). Body
and trace fossils afe_‘less commonly dolomitized in these
rocks. -

| Towards the top of the Catoche Formation in the Port
au Port area (ﬁguathuna Quarry section), a poorly exposed,
mottled dolostone horizon passes upwa;d into a partially
dolomitized thrombolite mound ihéérval (plate 2,3e) and
finally into 20 metres of fenestral mudstone. The ex#osed
" mudstones are ' characterized by Carboniferous solution
enlarged joint patterns (N.,P. James pers. comm.) (plate
2.31). Fine dolomife laminated intervals bécome more
numerous toward the top of the Catoche; and eventually
coalesce into discrete dololaminite beds of the overlying- -
Aguaghuna Formation.

The prominent dolostone horizon found north of Table

Point is composed of alternating sequences of dull grey,
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medium crystafline dolostoné and cream coloured coarsely
. crystalline - dolostone (plate 2.3g). Both. varieties of
dolostone are mottled ‘by ; finer, darker doiomite and cgn'
be very porous and bituminous (Kpight énd Saltman; 1980).
qhite " sparry dolomite crystais dp‘to 15 millimetres in size
are cbmmon and are localized in vugs and as fracture fill
‘cemenﬁsA.(piéte 2.3h). This dolomite is alSo‘associéted with
‘sphalerite Tmineralization in the Daniel's ﬂarbouf area
.(CQ%ming, 1968, Collins and Smith, 1975, Lahe; 1984).

' v
2.5 AGUATHUNA FORMATION:

Knight (perS. comm,. 1984) has recéntly fdund what he
bélieves to be a disconfo;mity at the Catoche- ﬁguathuna
contact on St. John Island. At'its typé section>at Table
Point on the Great Northérn Peninsula, the contact appears
conﬁ&ﬁmable. Here, tﬁe 'Aguathuna Forma%ion is 60 metres
thick and composed primarily finely crystalline
dololaminites (Levesque, 1977, Knigft, 1977b, Pratt, 1979,
Lane, 1964). Burrow mottling. is prevalent in the medium
crystalline dolostones, more so in the lower portion of the
formation than near the top (Knight, 1977b). Shélly fossils
are nQtably rare in the‘AQuathuna Formation and are.usuaily

confined to burrow-mottled.

The Aguathuna FPormation is much less dolomitic in the

Hare Bay and Port au Port areas and'limestones make up a
significant proportion of the rocks. The limestones on the

-
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Port au Port Peninsula contain a sparse sHélly fauna
(gastropods, rare trilobite and brthocones), but many
oncolites and strﬁmatolites.\n The stromatolites are
distinctly LLH in appearence (cf. Logan et al., 1964,

Pratt, 1979). Ichnofossils are also present, but are less

comménly replaced " by dolomite than limestones in other

c

The Aguathuna thins away - from the‘type section at

formations,

Table Point., Near Hare Bay, Stouge (1980, 1982) estimates
that the formation ‘measures approximately 35 metres in
thickness., On the Port au Port beninsula, it meaéures 50
metres in thickness, <while near Port au Choix, it is only
10 metres thick and consists of only a féw dololaminite
beds (Pratt, 1979, Knight, 1980, Haywick and JﬁmeSy 1984).
Approximately Zd metres below the Aguathuna - Table
Head contact at Table Point, a thin dolomite cemented

A

lithic arenite bed approximately 20 centimetres thick, is

interbedded with thick dololaminites. The dominant
components of this sandstone 'bed include well *rounded to

angula; chert, quartz and feldspar grains, reworked

dololaminite intfaclas;s, detrital zircons and a filicifieq
oolile nodule. Several fine .grained, argillaceous and/or
dolomitic shale beds Valso pu;ctuate the section, not,onﬂy'
at Table Point, but also in the south on the Port au Port

Peninsula.

-

Chert is" a common componént of the Aguathuna

. e e

Formation 1in all parts of the study area and occurs as

f

/

#
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discrete nodules, in pebble horizons and in breccias
..' / ’ .

(Stouge, 1982, Lane, 19B4). Entombed sulphate crystallites

4
have been found in some nodules from the Port au Port

Peninsula (James and Stevens, 1982) and from Smelt Canyon

" (this study) which suggests that evaporite minerals may

have Aexisted in these rocks, Itris possible therefore, that .
many of the chert breccias were form;a' through tﬁe
dissplution of these minerals and sﬁbsequent collapse
(discussed in Knight, 1977b).‘0ther workers feelithat these
breéqias may actually be related to 'sub-aerial exposure
(Collins and Smith, 1975). Stouge (1982) has identified a
change.‘in conodo?t faunas across a prominant bréccia béd»lO
metres above the Catoche -° Aguathuna “contact at Table
Point. Although the breccia bed does '‘occur within a bharren
zone,‘ Stouge feelg thaf the faunal change is real and that
the breccia»correspéﬁds go a sub—aerialléxposufe horizon.
The contact betﬁeen thé Aguatﬁuﬁa Formatidn and the
overlyiné Middle Ordovician ?able' Héad 'Formation (Table
Head Group) is unconformable on the Port au ;ort Peninsula

and is marked by an erosional channel up to 9¢ﬁetres deep

at Aguathuna Quarry (Schuchert and Dunbar‘ 1934, Cumming,

‘

1967, Levesque, 1977, Pratt, 1979; plate 2.4)., The upper
surface of the Aguathunébﬁérmatién is pitted and is locally

marked by an accumulation ‘of chert clasts and nodules,

.which Pratt (1979) interprets as a silcrete horizon

developed during sub-aerial ‘exposure, Flsewhere on the

Greatv Northern Peninsula, the contact appears conformable




LR SN

" PLATE 2.4: STRATIGRAPHY AND SEDIMENTOLOGY OF THE AGUATHUNA FORMATION.

Panoramic photograph and interpretive sketch of the St. George - Table Head
disconformity at Aguathuna Quarry on the Port au Port Peninsula. Rocks of the
Table Head Group fill a nine metre deep erosional channel cut into the St.
George dololaminites. The disconformity surface in the sketch is highlighted.

:
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or is “too podrly exposed for an accurate determination

.

(Pratt, 1979, Haywick and James, 198%4),

A

Approxilnately 5 metres beneath the Table Head - St,

George contéctﬂ at Aguathuna OQuarry and northwest of f[‘he.
.Gravels, two irregular beadingr planes are marked by an
accumulation of red and green argill.aceous shales. These
surfaces l;\ay be correlative 'with two red limestone beds
cropping out on the western side of VI‘the Port au Port
‘ Penins;xla‘ (B, Stait, pers. q;)mm., 1984) and are interpreted
here_ as so"lution seams resulting from pressure solution of

A

_..the limestone (plate 2.4). Pressure solution in other parts
\ 3 )

.

of these sections commonly results in thin, 1laterally
discontinous limestone beds truncated at their margins by

/

large stylolites (10 centimetre amplitude).”

2.7 FACIES INTERPRETATION: .

Thev palaeoenvironments in rwhich the four formations
yof the St. Geo'rge Group were deposited have been di-scuésed
by. Levesque (1977), Pratt " (1979) and Pratt an'q James (1in
press). - o LT

'l‘he rocks of thé St. George Gz;oup were deposited iin a
‘stable shelf  environment. The stromatolitic and
thrombolitic-rich, burrow-mottled li_mestgnes aﬁd dolostones
of the Watts Bight Formation suggest that prior. to regional
dolomitizati'on, these S rocks were mostly subtidal shelf

gie'posits (Levesque, 1977, Knight, 1977b, 1980, Snow and

Knight, 1979, Pratt, 1979, Pratt and James, in press). The
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Catoghe Fofmation, dominated by lime mudstones and
wackestones and regi.opally overprinted .by dolomitization
near the top, is also thought to have been deposited dluring..
generally subtidal conditions.

'I‘hel Boat Hart;our and Aguathuna l’-‘orm-atio‘ns. are thought
to have been deposited in shallower -water than the other
fémations because they contain abundant dololaminite beds.
These dolostones have been interpreted as an upper
intertidal—supfatidal ' facies (Levesque, 1977, Pratt, 1979)
similér to those- pre‘zserntly forming .in modern tidal flat
'environments (Ilyling et al., 1965, Deffeyes et al., 1965;
Shinn. et al., 1965, Wanless, 197., MacKen;zie et al., 1980,
Shinn, 1983). The desiccation cracks, tepee structures,
cry.ptalgal and millimetre scaled laminations, the lack‘of
sign-ific‘ant numbers of body fossils and evi.dence of nodular.
evaporite minerals within these dolostones attésts to their
very shallow water origin. '

Interbedded. dolole;minite -~ li]nestone .lithologies’
typical of ° the Boat Harbour and Aguathuna Formations, have
.ﬂ;);ee;\ interpreted in the rock record by some as the result

of repeated shoaling upward cycles 1in a shoreline-tidal

flat environment (Bathurst, 1975, Wanless, 1975, Levesgue,

1977, Knight, 1977b, 1980, Snow and Knight, 1979; figure

2.3). The variation observed in the lithology of the
limestones (for 'éxampl,e, from mudstone to grainstone) has
been explained by Levesque (1977) as thé periodic winnéwing

of subtidal muds, possibly; " through the action of storms.
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This is thought to result in laterally 'discontinuous

.grainstbne beds which interdigitate with nearby'hudStones

or wackestones. - A ‘complete' shoaling upward cycle would

therefore consist of S‘ubti‘dal stromatoiitic or thromboglitic

burrow. mottled and fossiliferqus lime mudstone (with

occasional 1lensoidal grainstone bedé)y gfading upward into
" burrow moétled rocks of the intertidal zone and finally

into supratidal dolblaminites (Leve;que, 1977). The

complete.cycle is however, rarely preserved.

To the east.,in the vicinity of Canada Bay and Har;

Bay, the shallow shoreline deposits of the Bbat,ﬂépbour 
Forma‘tion pass gradually into subtidal stromat'olitic and

thrombolitic  mound banks (Lgvesqué, 1977, ﬁnight, 1977b,

Pratt:‘ 1979,V Pratt' and James, 1982). These mounds are

thoughﬁ to represent high energy buildups at, or near, the

edge of the qarbonate platform. During Catoche time, the

thick mound sequence  continued to fluorish along the

eastern margin of the shelf developing a pronounced mound

barrier (Knight, 1977b, Pratt, 1979, Pfatt and James, 1982;

figure 2.3). . | .
Knight (1977b, 1980), Snow and Knight (1979) and
"Stnuge” (1980, .1982) regérd the St. George Group as

recording two “"mega-cycles™ of deposition on the Lower.

OrdoQician ‘carbonate platform, This is a continuation of a
trend first éﬁartéd during the deposition of the Middle -
Upper Cambrian Port au Port Group (Knight, 1980). The"
development of the first mega-cycle in the Earlyiordovician

was initiated when the subtidal Watts Bight Pormation was

4")-
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deposited atop the dolostones of the Upper Cambrian Petit
Jardin Formation. This marked a regional transgression
(Knight, 1977b, 1986, Snow and Knight,'1979, Stoﬁge 1980,;_
1982). The Bo;t Harbour Formation, 1itself compoéed of
numerous smaller "cycles", represents a regressive éhase of
' depos?tion. A transgression again pfoceedéd the depositiqn-
_of " the subtidal Catoche }ormation followéd by another
regression " and deposition "of the Aguathuna Formation.
Regiénal and "localized sub-aerial exposure horizons within
the Boat Hérbou: and Aguathuna Formations occur within
these regressive deposits. |

The rare siliciclastic components of the St. George
Group are qoﬁfined to the regressive phases of deposition.,
The paugity qf non-carbonate lithologies suggests that
Sheif‘ sedimentation!took place at a great distance from any
land masses (Levesque, 1977, Pfaft, 1979), This makes the
thin 1lithic arenite bed found in the Aguathuna Formation at
Table Point rather disqqietfﬁél It occupies g stratigraphic
éqsition similar to that of a thick siliciclastic sequence
found in the lower portion of the Mingan Formation
(equivalent to the Aguathuna Formation) in‘ Quebec (A.
Desrochers, pers, comm. , 1984) and contains quartz¥grains.
characterized by numerous iﬁclusions of tourmaline and
poséibly acicular rutile needles. If some inclusions are

indeed rutile, one «can speculate that the source rock of

these'quarEz grains was granitic (Blatt et al., 1972).

The origin of the zircons in the arenite is
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uncertain, They are of a consistent size, shape,rcolour and
ldminescence which suégests -a common provenance_(élatt'e;
al., 1972), however, this'.provenance is difficult to
determiné. Zircons can bé metamorphic~Aor igneocus or,
because they are eiceedingly stable, they may .even be
deriyed from reworked sédimentaryr rocks (Biatt et ql.,
1978, Folk, 1974b).

The most 1likely source of the siliciclastic
components of the arenite is a stable shield area, put to
date, this source area has ndt been identified. The
reworked dololaminite glasts and the silicified oolite
nodule are probably from a more local source(s).

.The silt-sized QUarﬁz grains foﬁnd "floating™ within
the shales of the -Boat Harbour AFormation were likely
transported to the shelf by wind during the regressivé
phases of sedimentation (Levesque, 1977); however, as in
the iithic arenite in the Agquathuna Formation, the source
area has -not been found.

The QUartz " grains ,are‘ very well rounded
(classification scheme of Powers, 1953) sphericai and when
examingd under a petrographic microscope, afe clearly
"frosted™. Characteristics suéh as £hese were originally
assumed to be indjcative of én .aeoliah ’provenance
(Cailleux, _1941) but otBer circumstances such as sudden
temperatdre drops ({LeRiBault, - 1977) and/or chemfbal

dissolution (Kuenen, 1960, Kuenen and Perdok, 1962) are

also capable = of frosting ‘grains. Scanning electron

@
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microscopy has had some success in determining the
proﬁenance of quartz grains (Krinsley and Takahashi, 1962,
Krinsley and Doornkamp, 1973, Le Ribault, 1977, Rrinsley
_and McCoy! 1978, Rogerson and Hudson, 1985); however., when
viewed with a scanning electron microééope, most of the
surface of the Boat Harbour quartz gréins are pitted and
lack the fine surface “features necessary for an accufa;e
provenance _det;rmiﬁation. ‘Subramanian ‘(1975) and Friedman
et al. (1976) suggest that bitging of quartz may be a
result of chemical dissolution during carbonate
precipitation. - This diagenetic alteration prevents any
determination of the provenance of the quartz grains. All
that can be concluded with .any degree of<ponfidence, is
that the rounding. and high ,ﬁ!gree of sphericity of thé
quartz,'grains probably résulteé from proionged abrasion
prior to deposition with the shales of tﬁe Boat Harbour
Pormatidn.

The . processes whicﬁ control the smaller scaled cycles
‘within the Boat - Harbour and Aguatﬁuna Formations are not
fully understood. Some consider éyclic deposition to be the
result of episodic subsidence and/or sedimentation rates
(see  discussion in BAthurst; 1975). Subsidence 1is a
regional phenoﬁenon and if it were tﬁe principle parameter
dictating depqsl;ion, regionally correlative limestones and
dololaminites shouid result: (Pratt, 1979). For the most

'S

part, individual dololaminites are not tracable over large

areas, nor are grainy limestones. In fact, these
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liiholégies of;en .grade ‘laterally into _oiher limestone
facies (Levesque, 1977, Pratt, 1979, this study). It is
likely thérefore, that episodic subsidence alone did not
cause the fécies variation observed in the Boat Harbour and
Aguatﬁuna Formations (Pratt, 197*! Prétt and James,.in
press).

An alternative to the shofeline modél has been
proposed by Pratt (1979) .and Pratt and James (in press).
They envision tidal flats accreg{ng as "cyclic” deposits on
é gently subsiding sea floor punctuated by numerous low
relief, tidal flat islands (figure 2.4): NDololaminite
deposition took place in ﬁhe suppgtidai zone on the islands
and subtidal depositio;F took place in the sztidal zone'

between the 1islands. Facies variations were primarily

controlled by  local . fluctuations in the rate of

sedimentation. During deposition of the 'Watts Bight and
Catoche Formations, the tidal flat areaé were predgminantly
subtidal and very few (or no) islands developed. The Boat
Harbodr and Aguathuna Formations reflect times when islands
were much numerous and subsequently, dolélaminite

deposition was much more extensive (Pratt, 1979, Pratt and

James, in press.).







CHAPTER THREE ’ .
FIELD CLASBIFICATIONS OF DOLOMITE AND DOLOSTONE

3.1 INTRODUCTION: B I

Four Qarietieé of dolostone (rocks cémposed of greatef
&han' 50 perceﬁt doloﬁite) -and two variefies of dolomitic
limestone (rocks composed of less‘than‘so percent dolomite)
are recognized in the St. George Group; The four doclostones
are referred to as: 1) dololaminites, 2) perQasive A |
dolostone, 3) pervasive B dolostone and 4) cavity-filling
dolostone (Haywick and James, 1984). The two varieties of
dolomitic liméstone are referred to -.as .either ﬁatrix
dolomite or mottle dolomite. A sgventh variety which fills
void space and ‘fractures in pre-existing rocks is.referred

\;v

Parameters used to distinguish one type from another

to as saddle dolomite.

include: 1) crystal size, 2) proportions of dolomite within

a lithostratigraphic unit, 3) faunal content, or lack of it, -

4) degree of (and the nature of) mottling, S) sedimentary
3

structures, 6) colour and 7) localization. These

characteristics are summarized in table 3.1. The

~stratigraphic and deographic distributions of .the seven
varieties are summarized in table 3.2. and are shown
7 schematically on ‘the ten measured sections (appendix A) and

in figures 3.1 and-3.2.
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TABLE 3.1: Summary of the main characteristics of the
seven varieties of dolomite and dolostone
found in the St. Gegrge Group.
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- T semw

VARETY [ervsma COLOUR - DISTINGUISHING
SIZE |  CHARACTERISTICS
) DOLO~ | VERY | .BUFF TO { CONTAINS ABUNDANT SHALLOW WATER

LAMINITES] FINE | WHITE. | SEDIMENTARY STRUCTLRES (I.E. PRISM
) : ' !

| CRACKS, MUDCRACKS, LAMINATIONS),
DOLOMITIC LIMESTONE: =
_ ! )
2)MATRIX | 0.1 REPLACES MATRIX BETWEEN ALLOCHEMS,
. BUFF BODY FOSSILS AND TRACE FOSSILS.,
| VARIES IN AMOWNT FROM 5 T0 407 oF |
THE_HOST. RARELY 8%, |
' - SELECTIVELY REPLACES ]CHNOFOSSILS
. BUF
» 3MOTTLE | o1 F 10 MARGINS AND SOME MOLLUSCS. LDCAL-
DOLOMITE | v, | Dove crey | 1ZED ALONG PRESSURE SOLUTION SEAMS,

RANGES IN AMO FROM TRACE
QUANTITIES TO OF THE HOST,

DOLOMITE | ™.

AN

APERVASIVE | 1 o | poLosTae:
A ) . FINER CRYSTALLINE DOLOMITE IS
DOLOSTONE 0.3m.f . — 1 ocaLize TO MOTTLES, COARSER .

CRYSTALLINE DOLOMITE 1S LOCALIZED
0.1 To | MeDIM | BETWEEN MOTTLES, STROMATOLITES,
SIPERVASVE | 'y | crey | TROUBOLITES, MoLLuscs AD sore

B - 8- 70 TRACE FOSSILS ARE COMMONLY
DOLOSTONE|] 0y, |- wHite | PRESERVED. OFTEN BITUMINOUS,
[6)CAVITY= viry | BUFF | USUALLY GEOPETAL, FILLS IN OPEN
FILLING FINE T0 CAVITIES AND VOID SPACE IN PRE-

DOLOSTONE | GREEN EXISTING PERVASIV‘E A AND B
DOLOSTONES ,
DOLOSTONE

7) SADDLE [[0.5 7o | WHTE | COMPOSED OF SADDLE-SHAPED DOLOMITE
. 0 RHOMBS WHICH FILL IN FRACTURES AND
DOLOMITE [.0 Mt} 51\ | voIns WITHIN PRE-EXISTING
S S PERVASIVE B_DOLOSTONES.




TABLE 3.2:

Distribution, abundance and extent of the
seven varieties of dolomite and dolostone
found within the St. George Group.
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— -‘ .
‘DISTRIBUTION ABUNDANCE
VARIETY AND EXTENT
STRATIGRAPHIC| GEOGRAPHIC | AND'®
ACUATHUNA 1D ABUNDANT, P'ACKAGES:
— | BOAT HARBOUR | | ‘ F DOLOLAMINITES
I)DOLO FORMATIONS, ! WIDESPREAD . 0 U INITES -
LAMINITES| BASAL WATTS ARE CORRELATIVE = |
_BIGHT, OVER SEVERAL KMS,"
" LOCALIZEL | raRe, BEDS OF MATRIX
2)MATRIX |BoAT harsowr A | LCRLRZED. o | DoLamITE ARE.
WATTS BIGHT PORT AU PORT AND]CROSSCUTTING AND ARE
DOLOMITE GREAT NORTHERN -|-OF- LIMITED VERTICAL
FORMATIONS RN
- . PENINSULAS AND LATERAL EXTEN'E/
) \;ERY ABUNDANT," TH1CK
HM L : ACKAGES OF DOLOMITE
JMOTTLE WIDESPREAD WIDESPREAD MOTTLED LIMESTONES
DOLOMITE : ARE CORRELATIVE
| OVER* REGIONAL -
DISTANCES,
4)PERVASIVE ABUNDANT, 1NDIVIDUAL
_ DOLOSTONES ARE STRATAf
A WIDESPREAD WIDESPREAD  |BOUsD, THICK PACKAGES
ARE CORRELATIVE OVER
DOLOSTONE - |REGIONAL DISTANCES,
ERVASIVE - VERY ABUNDANT, SINGLE
5)PERVASI GREAT NORTHERN gxpc')?osSTONEISN gA;rH ?ECK
B WIDESPREAD |} SSCUTTING,
PENINSULA ONLY, ZSS:QIG_%-?@EMR
DOLOSTONE REGIONAL DISTANCES.
6 CAVITY - | LOCALIZED VERY RARE." CAVITIES
JCAVIT BOAT HARBOR AND | ooCURRENCES ON | ARE SMALL AND ARE
FILLING WATTS BIGHT '} PORT AU PORT AND| MOT LATERALLY (R
- || GREAT NORTHERN | VERTICALLY 1
DOLOSTONE | FORMATIONS PENINSULAS CONTINUUS, |
COMMON, VEINLETS OF
: SADDLE DOLOMITE ARE
L .| CROSSCUTTING. PACKAGES
7) SADDLE WIDESPREAD OREAT NORTFERN -f e Rock claNfTAmms
PENINSULA ONLY. | SAnDiE DOLOMITE MAY

DOLOMITE

BE CORRELATIVE OVER

SHORT DISTANCES.
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.FIGURE 3.1: Regional distribution of dolomite and dolostone varieties from Port au

.

- Port to Cape Norman.
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FIGURE 3.2:

‘Lithostratigraphic correlation of dolomite and

dolostone varieties between two measured
sections on the Port au Port Peninsula
{(location Map in inset). Thin units are
geneyally non-correlative over the five
kilometres between the sections, whereds thick
pac¢kages are. The datum for the correlation are

two promlnent solution seams which are present ‘

in both sections.
'

.
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3.2 DOLOLAMINITES *° -

DEFINITION AND DESCRIPTION: - A .

The definition and the generalv_characteristics of
dololaminites .have been briefly discussed in chapter two.
The majority of these dolostones are characterized by fine,
of ten cryptalgai, laminations which are prominent because of
éhe accumulation of dark organic rich, insoluble material
(élate 3.1a). Ripple scaled crosslaminations, tepeé
structures (piéte 3.1la), desiccation cracks (plate 3.1b),
prism cracks and intraformational breccias (plate 3.1lc) -are
also abundant. |

Cryptalga},‘iaminations may pass vertically or laterally
into dicontinuous centimetre to metre scaled, burrow mottled
intervals (plate 3.1d) or into thin (less than one metre),
poorly ~developed, LLH stromatglite horizons. Rarely,v no
‘structures whatsoever are preserved in these rocks, possibly
as a rgsult .0of intense bioturbation. Despi;e this
variability, all of these dolostones _are essentiélly the
same. All are composed of the same buff'to black weathering,
microcrystalline to very finely crystalline dolomite. They
freduently -conta}n fenestrae and chert nodules with entombed
evaporite mingrals, and may be. hosts to centimetre-scale,
calcite spar-filled vugs. Some wvugs contain internél
sediment displaying geopetal texture, and pseuddmorphs of -
calcite after gypsum, | It would appear that textural
vériability, (on a very localized scale), is itself a

characteristic of dololaminites, and subsequently, further




PLATE 3.1: FIELD CHARACTERISTICS OF DOLOLAMINITES.

A) Fine millimetre scaled laminations and
tepees (arrow) viewed in vertical section;
Aguathuna Formation, N.W. Gravels. Divisions
on scale bar are 5 cm in length. ’

B) Polygonal desication cracks (arrow) atop a
dololaminite; Boat Harbour Formation,,Port au
Choix.

C) Rip up pebble breccia localized within the
basal portion of a dololaminite bed; Boat
Harbour Formation, Isthmus Bay.

D) Cross—-section of burrow mottling (arrow)
within a dololaminite; Aguathuna Pormation,
N.W. Gravels. Bioturbation has destroyed the
fine texture of the dolostone in this
interval

E) RBadly fractured dololaminite; Adguathuna
Formation, Aguathuna OQuarry. The broken
blocks have sharp, jagged edges and concoidal
fracture. Divisions on scale bar are 25 cm ‘
in length. ' .
F) Dololaminite (behind measuring pole)
interbedded with lime mudstones; Boat Harbour
Formation, Isthmus Bay. The contacts between
the two lithologies in this example.are very
sharp, but others can be more gradual,

G) Breciated contact between a dololaminite
and a limestone (lime); Watts Bight
Formation, Berry Head. The fractures which
penetrate into the limestone (arrow) are
filled with light coloured dolomite from ‘the
‘overlying dololaminite. ’

‘H) Liesegang bands developed within a
dololaminite. This colour alteration
developed adjacent to fractures as a result

of oxidizing pore fluids migrating along the
fractures.







subdivision of this variety is unnecessary.

Dololaminite beds range in thickness from a few
centimetres to a maximum of three ﬁetres. Frequently, many
descrete beds coalesce into intervals }0, or more metres in

Stylolites and pressure solution seams are rafexwith}n

thickness.

dololaminite  beds but commonly mark their boundaries with
other lithologie;..Body fossifs are also ra?e components of
"these dolostones.

Dololaminites ane frequehtly fractured and ihis 15
responéible' for the rubbly appearence of some beds.(plate
3.1e). The broken blécks have sharp, jagged edges and
céncoidal fractures. Contacts with limestones are usually
sharp td stylolitic (plate ,3;1f), but on occ&sion, are
brecciated (plate 3.1g) or gradual.,

Many. dololaminites on the Port au Port Peninsula are
stained a distihctive . red vcolour; commonly with the

development of Liesegang bands adjacent to vertical

fractures that'pass upward into the overlying Carboniferous

Codrby Group (plate 3.1h). This colouration is'secondary,'

and probably, occurred as a result of "oxidizipg fluids
passing along these fractures after the deposition of the

. red siliciclastic Codroy sediments (Dix, 1982).

-

N . . ’_'7
b . i Y .
STRATIGRAPHIC AND'GEOGRﬁPHIC'DISTRLBUTION:"
:Dololaminites are confined, to the Boat Harbour and-

Aguéthuna» Formations and to the basal poitiOn of the Watts
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Bight Formation., They are fo;nd in all parts of the study
area. -

Indivldual~ dolol&minites _beds Af@fe ‘generally not
correlative over large or regiohal'distapces (Pr;tt, 1979;
figure 3.1); however, packages of dololéminites a metre or
more in thickness can be traééd approxgmately 5 kilometres
between meésured sections on the Port.au Port Péninlea
(figure 3.2),

Biotufbated intervals are best developed within Ehe
Aguathuna Formation northwest of The Gravgls on the Port au
Port Peninsula . and at Table Point on the Great Northefn

Peninsula.

3.3 ‘MATRIX DOLOMITE
DEFINITION ANDVDESCRIPTION:

This variefy‘ of_ dolomite ‘selectively réplaceg fhe
matrix or intergranular areas in packstones and
grainstones. Gfafn&, allocﬁems,' cements, body -‘and trace
fossils, are " usually unalte;ed: however, occasionally
'dolomitization ‘is more extensive and these components may
also be replaced.

Dolomite rhombs are mediﬁm' éry:talline (200 to 300
micrometres), white to medium grey weathering and range ih
- proportion frém ap;roximétely ) ‘percent "to about 40
'pércent, depending upﬁn "the extent oE repfacemént {plate

".3.2a). Rarely, matrix dolomite may replace up, to 85 peféent
. Il . ) ‘ . » .

. of sre~precursorﬂlimestone.'




PLATE 3.2: FIELD CHARACTERISTICS OF MATRIX DOLOMITE.

A) Matrix dolomite {arrow) within a
packstone; Watts Bight Formation, Isthmus
Bay. The dolomite replacement is-.very.. .
"patchy” and parts of the limestone are

- preferentially replaced over others, Lens
cap is 6 cm in diameter,

B) Stylolites (arrows) marking e contacts
between matrix dolomite - rich( (lighter
areas) and matrix dolomite - poor intervals
(darker areas); Watts Bight Pormation,
Isthmus Bay.. This. rock is also in sharp
contact with the underlying lithology: a
dolomite mottled limestone.
C) "Pod" of matrix dclomite (dolo) within a
- lime mudstone; Aguathuna Formatioen, N.W.
Gravels. This occurrenge of matrix dolomite
is characterized by sharp lateral and -
vertical contacts®resulting in a
"concretionary like®™ appearence to the pod.

D) Gradual transition from matrix dolomite
"rich" to matrix dolomite "poor" limestones;
Watts Bight Formation, Isthmus Bay. The
numbers painted on the side of the rock are
approximate percentages (visually estimated)
of dolomite within the limestone.

E) Black, organic rich bands (arrow) within a -
matrix dolomite - rich interval; wWatts Bight
Formation, Isthmus Bay,

F) Small stromatolite preserved within matrix
dolomite - rich" interval (ca. 80 percent
dolomite; D) in a mudstone (lime); Watts
Bight Formation, Isthmus Bay.
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Matrix’ doloﬁite is also found in.some mudstones or
wackestones. Rhombs of dolomite are evenly distributed
throughout the rock (as opposed to being fabrié selective),
are . finely érystalline (IOQ micrometres) and Dbuff
Qeatheréng..;Ihe dégree of replacementris similar to that

observed in coarse grained _limestones (ranges from 5 to

approximately 40. percent)}.
Matriﬁy dolomite-rich intervals (ﬁhose coﬁtaining more °
. perceht dolomite) are of very limited vertical
extent nd are usually seperated from matrix dolomite-poor
interva (those containing less than 50 percent dolomite)
by stylolites. The ‘contacts beéween limestones containing
matrix dolomite and 6ther lithologies is also usﬁally sharp
and stylolitic (plate 3.2b). In rare mudstones, late}al
transitiqns are also sharp = and this ~ results in
concretionary—-looking pods of matrix dolomite (plate 3.2c).
Gradational variation; in;_ the - pfoportion. of matrix
dolomite, both laterally ahd vertically, are much less.

cgmmoni(plate 3.24).

In. coarse grained limestones, matrix dolomite-rich

intervals may be up to 1l metre in thickness, are buff to
rust coloured ‘and contain abundant intercrystalline
porosity, late calcite pore filling calcite' cement and
black, (oré;bigffrich?), material. This gives‘ rise to a
conspicuous darkﬁand "wispy"™ appearance to some of the beds

(plate 3.2e), A prominent bituminous, odour on fresh




64
Surfacealis due to intefcrystalline gaseous Nyhrbcarbons *,
The original fabric of matrix dolomite rich iimestones
is seldom preserved. Occasionally though, the dolomite
replaces some portions' of the 1limestone bed'over others
thu;' preserving a portion 6é the original fabric.
Stromatolites appéar ‘to be especially resistent andbcan be
found "floating® in these inte;vals (plate 3f2f). .

STRATIGRAPHIC AﬁD GEDGRAPHIC DISTRIBUTION:

 Matrix dolomite ;s uncommon and accounts for no more
than one or two percent of the total dolomite within the
St. Georgé Group. If is best developed in packstones of the
Watts Bight and Boat Harbour Formations in the Port au Port

area (Isthmus Bay and Berry Head seéctions; appendix A).

Most of thesé occurrences cut across bedding rather than

being confined, to individual beds. Pods of matrix dolomite

are cgntained within a mudstone bed in the Aguathuna

————

Formation northwest of the Gravels and at Aguathuné Quarry
{figure 3,2).

Matrix dolomite can also be found in minute gquantities

in the Boat Harbour and Catoche Formations on the Gréat

<

Northern Peninsula. Here however, it is more difficult to

récognize because of additional phases of dolomitization

which have overprinted the rocks.

a— ———— — — — - -

* A powdered sample of this rock yielded 0.43 milligrams of

soluble organi¢c extract per gram of rock. These organics
are highly biodegraded and contain no normal alkanes (R.
‘*Quick, pers. comm,).
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3.4 MOTTLE COLOMITE

DEFINITION ANDVDESCRIPTION:
This variety of dolomite was originally referred to as

intramuros (Latin for “within the walls®) by Haywick and

N
.

James (1984), \Subsequent study has demonstrated that this
term is..too restrictive, and hence, it has been dropped 1nq
favor of mottle dolomite.

Mottle dolomite replaces speé{fic éomponents within.
-liméstones. The dolomite is usually buff to light grey and
is finely crystalline (ca. 100 micrometres). The - most’
commonly selected components aée ichnofossils (plate

.3a,b), stylolites (plate 3.3c) and the shell walls of"
coiled and spiral gastropods (eSpécially.Maélufitesy.plate

3.3d4). Nautiloids, and the outer shell wall of other :

‘o .

éephalopods are less commonly replaced. )
Mottle dolomite often ‘has a “salt and pepper"
appearence dué to .the combination of‘ light ICOlbured_
dolomite crystals and dark, lntercrystalliné sporosity.
Lichen, perhaps taking advantage of the'increased-porosity,
vprefefentially grow within the mottles on the upper
surfaces of limestones, - »
Trace fossils ‘are not very diverse ' in- St. George
1imestones, but nevertheless, are abundant. The most

abundant varieties, and those most frequently dolomitized,

are the branéhing burrow systeﬁs: Palaeophycus,

-

o7 L] .
Thalassinoides and Spongeliomorpha (G. Narbonne, pers.

coﬁm.). Other less common trace fossils ‘that are
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_PLATE 3.3:

PIELD CHARACTERISTICS OF MOTTLE DOLOMITE.

~

‘A) Preferentially dolomitized 1chnofoss1ls_

(Palaeophycus?) atop a limestone bedding
plane; Boat Harbour Format1on, Isthmus Bay.
B) Cross-section of preferentially
dolomitized ichnofossils; Boat Harbour
Formation, Isthmus Bay. Some of these trace
fossils have been strung out horizontally,
due to compaction and pressure solution
(arrow).

C) Cross-section of -a poliéhed rock slab
mottled extensively by preferentially

‘dolomitized burrows (arrow) and solution

seams; Catoche Formation, Smelt .Canyon. The
dolomite is light coloured in ‘comparison to -
the dark limestone.

- D) Preferentlally dolomitized qasttopods atop

a-limegtone bedding plane; .Boat Harbour
Formation, Hare Bay. Only the shell walls
have- been ‘replaced by dolomlte.

‘E) Preferent:ally dolomltlzed ichnof05511s
‘atop a limestone bedding plane; Boat, Harbour

Formation, Isthmus Bay. In this example, only
the margins of the trace fossils atre
replaced; the cores remam free of dolomite.

F) Preferentially dolomitized ichnofossils-

- atop a limestone bedding plane; Boat Harbour

Formation, Isthmus Bay. Unlike those pictured
above, these trace fossils' are completely
replaced by dolomite: -

G) Extensively dolomitized trace fossils
viewed in’ cross-section; Boat Harbour
Formation, Isthmus Bay. In this example,
mottle dolomite has spread-out from the
confines of the trace fossils ‘and into the
neighbouring limestone. The original
character of the mottles is mo longer
apparent -although some ichnofossils are still
recognizable (arrow). The majority of the
mottles are also strung out horizontally due
to physical compaction and/or pressure
solution <(as at the bottom of the photo).

‘H) Varjations in the ‘amount of mottle

grainstqne .(Grst) contains only a trace.

' dolonute within different textures of

1imestone; Watts Bight Formation, Berry Head.

The mudstone (Mud) .contains approximately 20

percent mottie dolomite whereas the

-
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preferentially "dolomitized include; Trichnichus, Chondri't:es .

and the 1lined burrow Diplocraterion (G, h_l_a_;:bonne,'pe“ts.
. - ""\i

e

'comm.). Skolithos burrows are rare and are not normally

replaced " by dolomite. ‘Burrows and burrow éystems range in

. t : . . —
length from less than one, to approximately 15 centimetres.

Replaced idhnofossils and shelly fossils are‘mbét;
readily identifiable on bedding surfaces. In cr_oss—secﬂgn,

many of these mottles are “strung out® horizontally‘in .,

.respoﬁns'e to physica}-" compacti;)n (plate 3.3b).

| The amount‘;"?:‘of-_ dolomite asso_ciateci with theis’éa"
components  is ‘ix?ariabl"é. In some 1imes£ones, “only tbei, -
.margins of ic"t.x‘v'ri?’)fossiis' are repl’aced and the cores remaiﬁar ' '
free of dolomite (plate 3.3e), wherea?:_ in othe’r'liméstones',

the bgrrows are colmpletvely replaced‘ .{plate 3.3f).
Occasionally, t-he dolomite 1is not wholly confirmed to ﬁhe

margins of body fossils and trace fossils, and some of the

adjacent limestone is also replaced (plate 3.3g). It is not

possible solely on the DbBasis of field relationships to
determine whether this variation represents . different
intensities " of the same dolomitization event, (in which

T

-ﬁase the 'vdrolomite would be the same in all mottles), or if
it represents intial nucIeatioln in the wa.\.lls of the -
features followed_ by later replacement of the surrounding-
medium (in which 'case the dolomite in the margins would

- differ from the dolomite around the margins; figure 3.3).

-

In many limestones, mottle dolomite is localized

\ . . . 7 .




40% Mottle |0 % Mottle 5% Mottle
Dolomite Dolomite | Dolomite

FIGURE 3.3: Variations in the amount of mottle dolomite

i

(coloured black) observed atop a hypothetical St.
George limestone bed (stippled):. Mottle dolomite
can_he localized along ‘the margins of
ichnof0551ls, or within the shell walls of some
shelly fossils (as in A), or it can completely
replace these components (B). Occas ionally,
some of the surrounding limestone is also re-
placed making the identification of the indivia-
ual components difficult (C). This entire range
- of replacement can occur within a single limestone
bed, but the transitions are more gradual than
111ustrated here. .
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partially or eniirely, along pressure’ solution seams aﬁd
stylolites (refer to plate 3.3c). These components range in

‘size from one to five centimetres in length and are

associated with  planar to subplanar, = anastomosing
stylolites ﬂ(hummocky>' to anastomosing configuration of

Logan and Semeniuk, 1976).
The amount of mottle dolomite within limq§tonés is.

variable and rangeq from trace quantities to a maximum. of

approximately 40 perkcent. The amount within individua}
, . X .

limestones 1is normally fairly constant, but vertical and
lateral variations are not uncommon. There may be a marked

increase in the number of dolomitized ichnofossils upward

‘ : 1
if the overlying -lithology is a dolostone. Variations in

v

the amount of dolomite along stylolites appears to be

related to the number of pressure solution seams.

.
-

Dqlomite crystals that are regponsible for‘the ﬁottles
;itﬁin St. [Geo?ge limeﬁggnes are " identical in size{
' érystallinity and colour tegardless as to thé principle -
‘component of the mottles.‘the only‘significant difference
is that stylolite mottles are nmore reCe§sive than

ichriofossil mottles and may contain an appreciable clay
~ ' . &

coptent. ;

Limestoned which .contain the most mottle dolomite afé;
usually fine-grained mudstones and wackestones. Grainstones

are seldom host to more than five percent of this variety

(plate 3.,3h). Stylolites are common. in grainstones, but are-
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of a columnar to peaked-high amplitude (to 2 tentimétres)

configuration (Logan and Semeniuk, 1976), not the planar _

configuration that appears to be the locus for

dolomiflzation along most stylolites.

STRATIGRAPHIC ANb GEOGRAPHIC DISTRIBUTION:
— Mottle dolomite is the most widespread variety within
the St. George Grodp. With .the possible exception of

grainstones, it is present in almost every iimestone bed

.and " in every formation throughout the study area.

2

Limestones containing mottle ;dolomite‘ are® laterally
continuous on a regional séale (figure 3.1). | ‘
Most of the,occufrences of,mottle'dolomite are due to
a combanation of ';chnofossils and stylolitgs..f?ggsﬁones
théhw contain exclusively oqf'or gpe\?ther of these Qwé end
Tembers are lgss common. ‘Bgrrow-only' mottles occur in the
Watts Bight Formation at Rerry Head and Isthmus Hay((Port
au Port area), within the Boét Harbour Formation at Isthmus

Bay and Lower Cove {(Port au Port Peninsula) and at Port au

Choix, Back Arm and Cape Norman (Great Northern Peninsuia).“

.

They can also be found within the upper Catoche Formation

a——

at Lower Cove, Port au Choix and Back Arm.

"Stylolite-only" motties are best developed within the

Catoche Formation at Smelt- Canyon and near Cape Norman.
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- 3.5 PERVASIVE DOLOSTONES
DEFINITION AND DESCRIPTION:

Pervasive dolostones are rocks that‘have a distinctive
mottled appeérence  to f;hem. Two subtypes, A and B, are
recognized “Qifﬁfh the ;St. George and in both, the mottled
aregz\ are composed of darker, more finely crystalline
dolomite than are the interareas. Both varieties gommonly

‘preserve stromatolitic and thrombolitic structures

The two subtypes diff;r enough from each pthef toi

warrant séperate classification éqd discussion. They are

distinguished from one another princiéally by -the nature of

the dolomite in the interareas between’mqttles.

Pervasive A Dolostone:

The dolomite 1in the interareas in these dolostones is
medium crystallinée (averages 300 micrometres in size) and

dove grey weathering. Mottles are darker imparting a

—

medium grey' colour to the rock. Interareas, because of_fhe
co&rsgt dolomite crystal size, are more porogs than the
mottled intervals and as a result, may contain minor
amounts of pore filling calcite cement. The rock emits ag;
slight to Qtrong bituminous odour whenifreshly broken,
Hottles'~account ﬁor between S and 80 percent éf’thé
volume of pervasive A dolostones and are usually non-_
deécr{pt (plate 3.4a). Those that can be identified'a?e X
i ‘ R
_exclusively ichnofossils. ~ )




PLATE 3.4:

FIELD CHARACTBRISTICS OF‘PERVASIVE A DOLOSTONE.

‘A) Non-descript mottllng thhxn pervas1ve A

dolostone; Boat Harbour Formation, Isthmus Bay..
Mottles are composed of a finer crystalline
dolomite than are the 1ntermott1e areas. Lens
cap is 6.cm in diameter.

B) Sharp vertical transition from limestone
(lime) to pervasive A dolostone (dqlo); Watts
Bight Formation, Berry Head. The mottles within
the limestone -are stylolitic; however, the
mottles that are recagnizable within the
dolostone are usually ichnofossils.

C) Lateral transition from pervasive A dolostone
(dolo) to burrow mottled 11mestone; Boat Harbour
Format1on, Isthmus Bay.

D) Digitate stromatolites (or thrombolites)
preserved within pervasive A dolostone of the
Green Head Bioherm; Watts Bight Format1on,
Isthmus Bay.

‘E) Gastropods ‘atop pervasive A dolostone° Boat

Harbour Formation, Back Arm. The gastropods are
preferentially replaced by the same fine
dolomite that is found within the mottles.

" F) Pervasive A dolostene (dolo) developed

beneath the pebble bed and cutting across a lime
wackestone; Boat Harbour Formation, Isthmus Bay.
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Pervasive A dolostones commonly gfade vertically or

laterélly ‘into‘ dolomite mottled limestones. The transition
. ¥

is accompanied by a decrease in the amount of dolomite

within, and betwgén the mottles until a point is reached
fnorma%ly well - into thei'limesfone), when individual
cpmponents become ‘identifiable. Most frequently, ‘these
components are-ichﬁgfossils {plate 3.45,c, figure 5.4).

Stromatolitic or thrombolitic horizons, especilally

within the Green Head BRioherm (Watts Bight.:Formation,

Isthmus Bay‘section), are readibly identifiable because of
their characteristic shapes {plate 2.1b,c, . 3.44).
Bioturbation between the mounds prior to lithification (and

dolomitization) 1is suggested by the mottled appearance of
thése intervals, | _- B
. Dolomitization of mounds and- bioherm-n»buildups
(especially thrombolites) is variable. In rocks composed of
less than about - ninety percent dolomite, o ly'sedjmeﬁt
between the thrombolites ﬁas been dolomitized while the
algal mgund itself_ is unaltered; Rlséyhere, iﬁdividualu
mounds within limestoﬁgirarefpreferentially dolomit{zed.
‘Spiral and coilec mgéstropoés and rare orthocones afe
preserved in these dolostones and easily recognized because
their shell walls are compoéed of the.same dark, finely.
crystailine dolomite that |is localized within the mottles
{plate 3.4e). Apart from these body fossilé (and algal
structures), nQ éther fauna or - fabrics are preserved in

pervasive A dolostones.
' AN

-
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Single pervasive A &olostoné beds range in thickness
from 30 | centimetres to approximately ‘2 metrfé, but

sequences‘Jcan be up to 15 metres thick without a change in

ﬁhe litho&ogyﬂ -

Most béf&asive' A dolostonéé are sﬁratabound, confined
to’ dis;inct"beds and although they may be léterally
discontinuous (as in plate‘3aﬂc), only rarely do they cut

-

across or truncate other lithgqlogies (plate 3.4f).

‘
Pervasive B Dolostone;

‘The interareas between mottles in pervasive B

dolostones are’ composed of white to pink, coarsely

) crystalline dolomite (ranges from 1, to S millimetres),
imparting S light pink to gre} colour to this rbck. |

Unlike, pervésive A dolostone, ' the proportion of the

dark mottles seldom exceeds 40 percent of the host and if

well exposed on bedding plane surfaces, they can cléhrly!be
identified as -ichnofossil traces (plates 3.5a,b). 1In
cross-section however, burrows are noﬁ recognizable and
mottles are noticably "strung-out” along stylolites (plate

- 1=§g).—»eoiled and spiral gastropods atg conspicuous on
.. bedding planes‘ becéuse.the shell walls are composed of the
ﬁame dark, finely crysfalline dolomiie as is fo:ndrﬁithin

the trace fossils and mottles (plate 3.5d),. Sﬁromatolites

and thrombolites in méund intervals are replaced by the
‘coarser, ligh#er_ coloured dolomite rather than the finer,

darker dolomite (refer to Riate 2.1a,b).




PLATE 3.5: FIELD CHARACTERISTICS OF PERVASIVE B DOLOSTONE.

A) Ichnofossils (Palaeophycus?; arrow) atop a
pervasive B dolostone bedding plane: Catoche
Formation, Table Point. The dark mottles stand
out clearly from the rest of the light coloured
rock.

B) As above. The margins of these 1chnofoss1ls
are preferentially replaced by a finely
crystalline dolomite. Compare this photo with
the mottle dolomite depicted in plate 3.3e).

C) Cross-section of a polished rock slab
showing the appearence of the mottles in
cross-section; Catoche Formation, Table Point.
All of these mottles are strung out along
stylolites. The letters a and b refer tq sites
sampled for isotopic analysis (sample TPii;
chapter five and .appendix B).

D) Gastropods .{arrow) preserved atop a
pervasive B dolostone bedding plane; Catoche
Formation, Table Point. These gastropods are
composed of the same finely crystalline
dolomite as are the mottles. Compare this phote
with the gastropods preserved by mottle
dolomite pictured in plate 3.3d.

E) Continuous and extensive pervasive B
dolostone beds; Watts Bight Formation, New
Ferolle. Large divisions on scale bar are 25
cm in length.

F) Discontinuous "pan" of pervasive B dolostone
in sharp contact with lime wackestones, Catoche
Formation, Cape Norman.

G) “"Remnant™ limestone (lime) within pervasive B
- dolostones; Catoche Formation, Table Point.

P e d
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Interareas between mottles exhihit abundant

intercrystalline porosity. .Pore space .1is often filled by

calcite, - chert, .fluorite or euhe'dra'l;quar’t'z. Much of the

intercrystalline pore space 1in the ~\dnterareas is also

filled by a black bituminous material. Geochemical analysis

\

"of- a. sample of this dolostone yielded 0.26 milligrams of

n

soluble organic extract per gram of ,rock..-The original
charactex of the hydrocarbon is indeterminent. It contains

no no mal paraffins and ‘s likeiy strongly biodegradefd"‘i}?.

Ouick, pers. comm., 1984).

Pervasivé . B dolostone is exceedingly - variable _'in'

. extent. Some beds.are laterally continuous over hundreds wof
\ .

- -

i AN
metres of se}tion and coalesce with others into widespread
. \\
terranes (plate 3.5e),\whereas other beds &ome and go over

’

distances as short as a ‘,:few me.trés’ (plate 3,5f). It is this
variability that |is résponsibl}e for “remnant®™ limestone
intervals foundA lo'célizod withinA otherwise pervasively.
dolomitized strata (pléte 3.5g). In almost all cases, the
contacts beﬁween pef-\}aéive . B dolostone and adjacent
limestones are; sha.rp and usuat‘lly" py_lilanar (plate 3,6a,b).

There are no clues within the remnant. limestones to explain

why they have not been ddlomitized or why the contacts with

- the dolostone are so sharp. There does not appeaf to be any

.lithological variation in the limestone and most are either

homogeneous mudstones or wackestones.
Pervasive B dolostone "is also confined to distinct

equidimensional *pods*® or flat-lying .. "pans" within

v
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‘PLA"I‘E 3.6:. FIELD CHARACTERISTICS OF PERVASIVE B DOLOSTONE.

A) Sharp contact between pervasi\we‘ B doloétone
(dolo) and a dolomite mottled limestone (lime);
Boat Harbour Formation, Port au Choix. »

B) 'Sharp contact between pervasive B dolostone
(B), pervasive A dolostone (A) and limestone
(lime) ; Catoche Formation, Cape Norman. Large
divisions on scale bar are 25 cm 1in length.
C) Localization of pervasive B dolostone (D)
along a vertical fracture (hlghllghted)' Boat
Harbour Formation, Cape Norman.

D) Localization of pervasive B dolostone along
horizontal, white sparry dolomite filled )
fractures; Catoche Formation, Cape Norman.

L8
E) Strata bound, equidimensional "pod™ (left)
and flat lying "pan®™ (right) of pervasive B
dolostone within lime mudstones; Catoche
Formation, Cape Norman. These occurrences do not:
appear to have any association with fractures.

F) Strata bound, flat lying "pans®™ of pervasive

B dolostone, Catoche Formation, Cape Norman. ‘As

in the photo above, these occurrences of this

dolostone do not appear to be associated with

any fractures or veins.
- »

G) Pervasive B dolostone localized within

single thrombolite (or stromatolite) mound Boat

Harbour Formation, Back A/rm.

H) Pervasive B dolostone (dolo) localized along
a fault in lime mudstones; Boat Harbour

Format ion, Plum Point. .The fault lies to the
right of this photo.
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liméstonés; The podé and pans also have'sharp contaéts and
are localized either along veftic;l or horizontal fractures
'aﬁd joih;s ‘(plate 3.6c,d), or are strata - bound without
ahy obvious association with fractures (plate 3.6e,f). Some .
of these latter occurrences may be prefereﬁtially
dolomitized stromatolite | or thrombolite ‘mounds (plate
' 3.6g). - .

The area immediately édjaqeht to faults is also °
commonly altered to pervasive B délostdne (plate 3.6h),
STRATIGRAPHIC AND GEOGRAPHfC DIS'I;RIBUTION.,:

Pervasive A doloé;one is very widesb;ead both
stratiéraphically-vénd geographically. It is found in all
formations, and in every outcrop studiea*(éigu;e 3.1).

The w;tts-Bight Formation is predominantly‘composed of
this dologgoneA in tﬁe Port au Port aréa, but only contains
a few beds in other parts of the study area.

_{ The Roat Harbour Formation‘}; occasionally puncﬁuateq
by peévasive'A dolostone beds in all oﬁtcro%;*.péEEiCUIArly

. . . ! —
beneath the “pebble. bed" on sections on theg Port au Port

Peninsula (figures 2.2 and 3.1).

The upper portion of the Catoche Formation contains
regioﬁally correlativé pervasive A dolostones in Eil
SectiQns_ studied '(figure 3.1). Minqr beds of pervasive A
dolostone are occasionally present in lower portions 6f the

Catoche Formation.
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The Aguathuna Formation  in all exposures gpontdins

-

pervasive A dolostone bed#.mln the Poré au Port érea, these
rocks are most abundant towards the upper part of the
formation and are developed just below the St. George-Table
Head disconformity (figure 3.2). )

In contrast to tybe A, pervasive B dolostones are
restricted entirel} to outcrops on the Great. Northern
Penihéula (figure'3.1). Stratigraphically, the Jistribution
is quite widespread and pervasive B dolostonei are found
-within allvfour forﬁations of the St. George Group.-

This dolostone is the " dominant lithology in all
=sections of the Watts Bight Formation on.the Greét Northerﬁ
Peninsula. It is mucﬁ.less abundant within the Boat Harbour
‘Formation and tends to be restricted to%areas a@jacehh to
faults and fractures or as discrete pods ana pans. bpds and

pans are also found within the Catoche ﬁormafiqq. Towards
the Iop of the Catoche, thick sequences of pervasive B
dolostone ~ coalesce and becéme interbedded with the
pervaSive A dolostones. .This" dolostone package, - {the
"diagenetic dolomites®™ of Knight, 1977b, 1980 ana Pratt,
1979), occurs. eQerywhefe on the Great Northérn Peninsula
and is regionally correlative (figufe 3.1). In the southe?n
portion of the study ' area, pervasi;e' A dolostone is
interbedcded withtliméstone. N

Pervasive .B '~ dolostone is rare in the Agquathuna

Formation, but can be found interbedded with dololaminites

in the  basal part of the outcrop at Table Point. ’

>




3.6 SADD'LE DOLOHITE

DEFINi:I;ION AND DISTRIBUTION:

This variety of ‘ddlomite ‘is lbcalized to f:actures,}
veins (plate. 3.7a) and vugs Tpiate 3.7b),-withiﬁ other
rocks.-—}he délomite. crystals are white to pink 'in colbur,

are .very coarsely 'cFysfallide' ( 1 tol5 hillimef?es in
éizé}rrand usually possess curved, or distérted f;ygtal
fgcesz This variety.‘of' dolomite has been referréd éo as
-"white sparry” (Mattes anq‘Mountjoy,‘1980), 'ba%oque‘ (Folk
and Assereto,' 1974) or “"saddle" (Friedman, 198b) and,ih
Newfoundland,-'is pélated to sphalerite minéfalization'%t
.the- Ne;foundland Zinc Mines near Dén%e}'s Harbéur (Cmeini,

1968, Collins and Smith, 1975, Coron, 1982, Lane, 1984). In

. . ‘I
this study, this variety is referred to as saddle dolomite

because of —the diagnostic "saddle -shape”™of-some of the

cryﬂtals. ' IR .

[

Saddle dolomite, whether in vugs , veins or fractures,A

€

contains abundant intercrystalline porosity which may be
.filled by bituminous  material,  calcite or chert. The
centres of wugs and fractures are even more porous and may

contain open voids up to 1 centimetre in diameter. Quartz,
fluorite or gypsum mineralization is occasionally localized

here.

4
Saddle dolomite is extensive in the vicinity of

N Y . . ct
Newfoundland Zinc Mines where it commonly develops a fabric

referred to as “"pseudobreccia®™ (Collins and Smith, 1975,




PLATE 3.7

: FIELD CHARACTERISTICS OF SADDLE DOLOMITE.

A) Fractures filled by saddle dolomite (white)
within pervasive A dolostone. Catoche Formation,

"Table Point.

B) Saddle dolomite confined to spwherical vugs

~within pervasive A dolostone; Boat Harbour

Formation, Port au Choix.

C) "Pseudobreccia"; Boat Harbour Formatidn, Cape
Norman. The dark, finely crystalline dolostone
clasts within these rocks, show a strong
horizontal imbrication and are generally insitu

‘within the rocks.

D) "True spar breccia®; Catoche Formation,
Newfoundland 2inc Mine, Daniel's Harbour. This
breccia differs from the pseudobreccia pictured
above because the dark clasts have clearly been
displaced and rotatéd w1th1n the host rock. .

p———

E) Gastropod shell preferent1a11y ‘replaced by

- saddle dolomite atop a pervasive A dolostone;

Watts Bight Formation, New Ferolle. .

'F) Saddle dolomite preferentially replacing the

oarsely crystalline dolomite between mottles in
pervasive B dolostone; Boat Harbour Format1on,n
Back Arm.

G) Fine veinlets of saddle dolomite passing
through pervasive A dolostone; Catoche
Formation, Table Point. The veinlets do not
appear to have. d1agenet1ca11y altered xhe host
dolostone. - 4
H) Thin veinlet of saddlé dolomite passing
through a fine grained limestone; Catoche
Formatjon, Table Point. Unlike the veinlets

which cut through the dolostones pictured above, -

minor dolomitization in the vicinity of the
veinlet has occurred. The- resulting dolostone is
identical in appearence to petvas1ve B
dolostone.
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*

- Lane, 1984). Pseudobreccias (plate.3.7c) are rocks composed

of horizontally oriented, dispersed and angular patches of

mottle dolomite "floating®” in a saddle dolomi cement. The
saddle dolomite makes up from 5 to 80 percent'o the rotk
(Lane, 1984). | | - -

Lane (1984) distinguishs bhetween ‘true spar breccias

aﬁﬁ\ pseudobreccias. Clasts within the true spar breccias
(plate 3.7d) have clearly been displaced and rotated,
whereas the clasts 1in &the pseudobreccias are generally

insitu. Both are present in the mine area and when

overlapping, are very difficult “to . distinguish from one
another (Lane, 1984).

o

Saddle dolomite appears to grow from the margins of

. open . spaces inward' toward the centre. Subsequently,

 fractures and vugs Qere probably open prior to beiné filled

by the dolomite and thergfore; this variety can be fegarded
‘aé pore filli;g;

Saddle do}omité élso.replaces part of the country rock
adjacent to ffacturés or the finely crystalling.dolomite
within gastropod shells (plate 3.7e)..Lane (1984) observed
that saddle dolomite locally | replaces the finely '
fcfystalline dolomitg that is the matrix to some breccias
near the mine (his "fine rock matrix breccias®). The

coarser crystalline interareas of pervasive B dolostone are

also commonly replaced by saddle dolomite (plate 3.7f).

Thin veinlets and fractures pass cleanly through




-_'eé ‘
ddloléminiteg and -.pervasive A dolostones wjthout an
'hbpgeciéble effect on  the hogt rock (plate 3.7g). In
ﬁervasive, B dolosboneg, veihlet; may pass throuéh the whole
rock, or . may 'merge.into the coﬁrsely crystaliine dolomite
of the in;etareas;" |

The effect of saddle dolomite veins and fractures upon
limestones is more 8rématic. Smali veins may cut across the
limespones ‘without visable effecﬁ or may cause minor, _
Jlocalized doloﬁiti;ation (piaté 3.7h). The resulting patch
of dolostone is identicél to pervasive B dolostone pods and
pans described  from 'e}sewheré on the Great Northern

Peninsula.. Intense fracturing and "pseudobrecciation" are

unknown in limestone lithologies, -

STRATIGRAPHIC AND-GEOGRAPQIC DISTRIBdTION:

Saddle dolomite is located ,principélly within
pervasive 8. dolostohe—rich intervals on the Great Northern'
Peninsula. It is a common component df the Watts B;ght and
héat. Harbour Formqtioﬁs and is abundant in.the upper third
of the Catoche Formét%on (especially at Table Point and
Daniel's Harbour). Saddle doIomite is also found within the
Aguathuna Formation at Tabie:Point, buﬁ is not common.

' There. is one very minor occurrence of saddie dolomite-/

in the southern portion of the study area associated with a

vertical fault that cuts across a pervasive A dolostone

\
sequence at Isthmus Bay.
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-3.7 CAV&&& —.FILLING DOLOSTONE
o DEFINITION. AND DESCRIPTI'ON:
Ihi§ variety of dolostoﬁe is'best described as cavity-
fillingA (Haywick and Jameé, f984). It occurs in'small (less
.than 30 péntimetres), irregularly shaped cavities within-
"pre-existing ~pervasiye ‘A ana B dolostones (pléte
3.8a,b,e,d). It is / buff -to green in colour, very fiéglx

crystalline (lesé. than 50 ° micrometres) and usually

geopetal; It makes up less than about ten percent of the

volume of the host dolostoﬁe.
Laminations’ commonly drape over irreqularities at the
bottom of the caQities suggesting that.fine sediment has
rained down upon thé floor of an open_hole. '
The cavities clearly cut across crthélggl laminations
a&d' mottles within the host dolostone (figgre 3.5);
however, in pervasive B dolostones, veinlets of saddle
dolomite afé not cut. Occasionaliy, geopetal cavities are
developed, in ., association with the finely crystalline
mottles - of' theée doléstoneé. saddle dolomite may fill the -
void space af the tob of the ¢avities (as in plate 3.8b).

Beneath the "pebble: bed®" , on the Port au Port

. e I

Peninsula, scalenohedral @ calcite spar crystals are
localized within open pore space near the top of the
cavities. These calcite crystals contain abundant, minute

pyrite and bituméﬁ'{nclusions. A breccia, composed of chert

and pefvasive A dolostone clasts 1is associated with the

cavity - filling dolostone at this location.




PLATE 3.8:

FIELD CHARACTERISTICS OF CAVITY~FILLING

.DOLOSTONE.

A) Cavity - filling dolostone confined to a
large cavity (arrows) within a pervasive B
dolostone; Watts Bight Formation, Cape Norman,
The sediment which fills the cavities is buff -
to green,. argillaceous and is character1zed by
convex-down, faint lamlnatlons.

B) As above. In this example, the dolostone is
filling cavities that have apparently only
developed in association with the dark mottles

" (arrow 1). Some sediment is geopetal and saddle

dolomite fills the void space at the top of the
cavity (arrow 2).

C¥% As above. .

D) Cavity-filling dolostone (highlighted and
arrows) confined to suspected solution pipes
(Pratt, 1979) beneath the pebble bed; Boat
Harbour Formation, Isthmus Bay.
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. postdates 1lithification

Schematic representation of cavity-filling
dolostone within stromatolitic pervasive
dolostone. The margins of the cavities clearly
truncate the laminations of the stromatolites
indicating that cavity formation and filling

and dolomitization. The
fine gecopetal sediment which fills the cavities
may bé either laminated (A) or homogeneous (B).
Saddle dolomite may fill the void space at the

top of geopetal cavities in pervasive B dolostones

(as in B).
)

v"/




STRATIGRAPHIC AND GEOGRAPHIL DISTRIBUTION:
. . »

cavity - filling dolostone ois the least abundant
(volumetrically) of any variety of dolomite or dolostone
within the St., George.

S

The. ‘best examples are associated with the
stromatolite—thrombolite' moun\d " rich pervasive R dolostones’
af the Watts Bight Formation at Cape Norman and on New
4Ferolle .Penipsula wifigure 1.1). Cavity- -filling dolostone

‘has not been identified in any other formation in this

region.

In the southetn portion of the study area, cavity-

filling dolostone is confined to possible karst solution
pipes beneath the pebble‘ bed within the PRoat Harbour
Formation at Lower 'Cove -and Isthmus Bay (refer to figure
2.1). T:here is also a minor occurrence within a pervasive A

dolostone in the Catoche Formation at Smelt Canyon.

)




CHAPTER FOUR

PETROGRAPHY, CATHODOLUMINESCFENCE AND PARAGENESIS

4.1 INTRODUCTICN:

In this chapter, the petrography, cathc')dolun';inescence
and * interpreted paragenesis of the seven “varieties of
dolomite and dolostone are outlined and discussed., A
summary of these &ata ‘are presented in table 4.1,

For each variety-, the diagenetic relationships
between the dolomite and the other components ‘withi'n the
raock are assessed and when possible, are integrated with
the diagenetic history of neighbouring limestones. The
overall paraqgenetic history of the limeétone and dolomite

is summarized in figqure 4.1.

4.2 CATHODOLUMINESCENCF OF CARBONATES:

Cathodoluminescence .was performed -using a Wild
microscope equipped with a Nuclicde ‘F:LM 24 vacuum stage and
power source. An operating voltage of from 12 to 18
kilovolts at a beam current of 60 micrqamps was used for
all analyses.

Cathodoluminescerdce results from bombarding a
suitable sample {one that is capable of luminescing), with
a concentrated electron beam (Pierson, 1981). Substituted
trace elements in a crystal system can either activate
l(gminescence (in which case they are refered to as

.

-9




TABLE 4.1:

Summary of petrography and luminescance
characteristics and paragenesis of the seven
varieties of ‘dolomite and dolosotne recognized in the
St. George Group. ‘

4
bl
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VARIETY

PE TROGRAPHIC 8 LUMINESCENCE
CHARACTERISTICS OF DOL:QMlTE

TIMING OF
DOLOMITIZ ATION

) DOLO-
LAMNITES]

—CRYSTALS ARE CLEAR TO TURBID, ANHEDRAL TO

EUHEDRAL AND USUALLY FORM XENOTOPIC FABRICS:
- UMINESCENCE }S UNIFORM OR CRYSTALS ARE
WEAKLY ZONED \THREE ZONES MAXIMUM/,

SYN- :
SEDIMENTARY .

2) MATRIX

DOLOMITE

MUDSTONES : CRYSTALS ARE CLEAR, EUHEDRAL AND
OFTEN CONTAIN CLOUDED CORES., . -~
DEDOLWITIZA ION S VERY C + RHOMBS ARE
WELL ZONED ( INTERLAYERS ),

PACKSTONES CRYSTALS ARE ANHEDRAL (XENOTOPIC)
TURBID AND DISPLAY STRAINED EXTINCTION.
LUMINESCENCE IS A UNIFORM BUT DULL PURPLE
TO RED COLOUR. ZONATION 1S ONLY POORLY
DEVELOPED, -

EARLY TO LATE
DIAGENESIS

LATE

L]

|2MOTTLE
. DOLOMITE

CHARACTERISTICS ARE VARIABLE, CRYSTALS
RANGE FROM EUHEDRAL TO ANHEDRAL, (IDIOTOPIC
TO XENOTOPIC FABRICS), AND ARE CLEAR TO
CLOUDED, LUMINESCENCE 1S EQUALLY VARIABLE
AND RANGES FROM DULL TO BRIGHT. ZONATION
IS OFTEN SPECTACULAR (MORE THAN 20 ZONES
MAY BE DEVELOPED IN SOME CRYSTALS),

EARLY TO LATE
DIAGENESIS

4) PERVASIVE
A ..
DOLOSTONE

- FABRICS, LUMINESCENCE 1S NORMALLY A UNIFORM

-MOTTLES AND INTERMOTTLES ARE SIMILAR BOTH
PETROGRAPHICALLY AND IN THEIR LUMINESCENCE,
—=CRYSTALS ARE CLEAR AND DEVELOP XENPTOPIC

AND MODERATE RED COLOUR. ZONATION IS BEST
DEVELOPED IN THE INTERAREAS SUGGESTING LATER
PERIODS OF GROWTH IN THESE AREAS THAN IN THE
MOTTLES,

EARLY

5) PERVASIVE
B
DOLOSTONE

MOTTLES: SIMILAR TO UNIFORMLY LUMINESCENT
EXAMPLES ‘OF MOTTLE DOLOMITE AND PERVASIVE A
.DOLOSTONE, ,

INTERMOTTLES: CRYSTALS ARE LARGE, ANHEDRAL
TO EUHEDRAL AND ARE CHARACTERIZED BY
STRAINED EXTINCTION, LUMINESCENCE 1S USUALLY
A UNIFORM, MODERATE TO BRIGHT RED COLOLR,

. LATER GENERATIONS ARE COMMONLY MORE FERROAN
THAN EARLIER ONES,

EARLY TO LATE
DIAGENESIS

LATE

6) SADDLE
DOLOMITE

=SIMILAR TO THE INTERMOTTLE DOLOMITE IN
PERVASIVE B DOLOSTONE

LATE

T CAVITY-
FILLING
DOLOSTONE

~DOLOMITE IS VERY FINELY CRYSTALL INE, ANHEDRAL
AND LUMINESCES INIFORM COLOURS (RED TO
ORANGE), LUMINESCENCE 1S DULL TO MODERATE,
-FELDSPAR, QUARTZ, MICA, PHOSPHATE, CLAYS AND

ASSOC]IATED
WITH
SUB-AERIAL
EXPOSURE

INSOLUBLES ARE COMMON ACCESSORY MINERALS,




FIGURE 4.1:

Summary illustrating the paragenetic history of the St. George Group as
suggested through.petrography and cathodoluminescence. Events primarily
associated with limestones are summarized in the upper portion of the
diagram whereas those events primarily associated+with dolomites and

dolostones are summarized in the lower half of the diagram. The distinction
between _syngenetic, early and late diagenetic events are.also indicated.
Cavity - filling dolostone is related to periods of subaerial exposure and is
not included on this diagram. ‘ . -
Secondary mineralization; SPH - sphalerite, F - Fluorite, Q =~ quartz,

GYP - Gypsum.
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'éctivétbrs'). or inhibit luminescence(kin which case they
gre';refergﬁr'to as 'quenchers?), It 1is the: changes in
qoncehtragioﬁ of the acti&ating and quenching elemefits that
causes..vatiations _in luminescence and optical zonation in

crystals. = Several cations, ‘({including Ti2*, Ph2* and.

-

many rare _earth elements) are activator elements; howeveér,

the’ @ost common activator in carbonate rocks is generally
considered to be Mn2* (Pierson, 1981).7 The most commén
inhibiting ~ cationﬁ in carbonate rocks is | usually F‘ez.+
{ Sommer, 19?2, Pierson, 1981, Amieux, 1982).

| “The luminescence emission of dolOmité is concentrated
withinl the spectral range of 620 to 6§0 nanometres (orange
to deep red) and peaks at approximately 650 nanometres
(Pierson; 1981). Sommer (1972) states that the variety of
colours may be due éo the distance between atoms; shor;er
bond ;engths giving deeper reds than longer bond lengths,
The vaience state of mangane;e has also been stated as a
cause/\ (Pierson, 1981). Pierson concluded that an*
concentrations of from 80 to 100 parts per million were
5uff?cienp_ to develop 'lpminescenco in dolomite. He also
feported that ,1 weight ﬁercent of Fel* was sufficient to’
inhibit luminescence, regardless of MnZt concentration.
Frank (1981) howevef, suggested "that it was the
F‘e2+/Mn2+ ratio rather than the absolute amounts, that

caused the luminescence he obseryed in dolomite rhombs . from

the Taum Sauk limestone, Missouri. He found that

luminescence was promoted in specific =zones which were
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characterized by Fe2+/Hn2+§ratios of less than 7,5, whereas
tuminescence was quenched when the Felt/Mn2* raéio
exceeded 7.5.

In this stydy, the Mn2* and Fe2t concentrations
of select sampies of dolomite and dolostone were determined
by elecétron microprobe in order to explain the luminescence

chargcteristié; of the crystals,
4.3 LIMESTONFS: -

‘ In order to fully understand the diagenetic events
responsible for dolomité and doléstonp within the Sf.
George Group, thek p&fagenetic histdfy of the limestones
muét be '~ established as accura;ely as possible. To

accomplish this, observations made on'limestones_dﬁrfng the

course of this 'study are combined with those made in

studies more concerned with limestone diagenesis (eg. Smit,

1971, Swett and Smit, 1972, Pratt, 1979).

Diagenetic events which affected St. George
limestones c¢an be div}ded into three stages;- 1) syngenetic
(or synsedimentary), T2) early~diagenetic and 3)
intermediate to late—-diagenetic (Mattes and ﬁountjoy,
1980). Choquette and Pray (1970) in their study of
carbonate porosity termed the first two s£ages eogenesis
and the third mesogenesis, They also recognizéd a
telogenetic stage which they defiﬁed as>the period of time

during which long-buried ¢arbonate rocks are infuenced by

processes associated with subaerial exposure, Mattes ani
. .
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’
Mountjoy ' equate telogenesis with tectonic and post-tectonic

events,

CEMENTS ¢ .

At léast three generations of calciée cement are
recognized witﬁin St. George limestones (Smjt, 1971, Pratt,
1979) (figure 4.2). .

Radial bladed calcite cement predates pore filling by
lime mud (plate' 4.la), forms isopachous -fringes around
carbonate gfqins {plate 4.1b) and 1is non-ferrocan and
non-luminescent. These characteristics suggest tﬁat this
cemént precipitated out of Qell—oxygenated seawater during,
and/or immédiately after depostion (Bathurst, 1975, Grover
and Read, 1983). Rﬁdial_ bladed calcite can therefore be
regarded as syngenetic (Pratt, 1979).

Syntaxial calcite spar is resgricted to overgrowths
around echinoid fragments and fabric preserving ooids.~;r;

like f radial ' bladed calcite, is non-ferroan and
non-luminescent and 1is & first siage, possibly syngenetic,
cement in some .ooid grainstoﬁes (plate 4.1&)..99n€axia1
overgrowths arodnd echinoids commonly abut into radial
bladed calcite cement implying either—cogenet?c, or later
growth tﬁan the radial hléded_caléite; Syntaxial calc&te
sparfy' cement is therefore best interpreted as a syngenetic
to early diagenetic cement.

Equant calcite 1is the most abundant cement in St,.

George  grainstones (plate 4.1d) and” is a common second




PIGURE 4.2: Simplified sketches illustrating the diagenetic history of St. George
wackestones (Al to A6) and grainstones (B}-to B6).

WACKESTONES:

-Al - Deposition

A2 - Syngenetic events; lithification and dissolution of skeletal
aragonite. Shell molds are filled with micritic sediment (1).

A3 - Early diagenetic events; continued dissolution of skeletal

' aragonite with the creation of pore space (2) and possible
microspar neomorphism (3). ,

A4 to A6 - Late diagenetic events; equant calcite cement filling of pore
space (4), pressure solution (5), pseudospar neomorphism (6) and
tectonic fracturing (7). Microspar generation may have occurred at
anytime during late diagenesis; however, luminescent microspar
appears genetically related to periods of tectonic fracturing.

GRAINSTONES: |

Bl - Deposition . ' : - )

B2 - Syngenetic events; internal sedimentation (1) postdating a period
-0of isopachous radial-bladed calcite cement (2). Syntaxial calcite
spar cement may also be a syngenetic event when associated with
ooids (3),

B3 - Farly diagengtic events; syntaxial calcite spar around echinoid
‘fragments (4) and selective silicification (5).

B4 to B6 - Laté& diagenetic events; equant calcite cement filling of
pore space (6), pressure solution (7), microspar neomorphism of
micritic components (8) and tectonic fracturing (9).

)







PLATE 4.1: PETROGRAPHY AND CATHODOLUMINESCENCE
PHOTOMICROGRAPHS OF ST. GEORGE LIMESTQNES,

A) Isopachous bladed calcite cement around .
peloids and ooids; Boat Harbour Formation,
Isthmus Bay. After the initial cementation, fine
- grained sediment (arrow) percolated into the
rocks to fill part of the porosity. Equant .
- " calcite cement has filled in the remaining
porosity. Plane polarized light. .

B) Isopachous calcite cement; Boat Harbour
Formation, Lower Cove. This cement predates a
-second phase of equant calcite spar. Plane
polarized light. ’

C) Syntaxial calcite cement in optical
continuity with ooids (arrow); Boat Harbour
Formation, Isthmus Bay. Plane polarized light.

D) Equant calcite spar cementing peloids;”
Catoche Formation, Smelt Canyon. This texture of
cement is the most abundant variety found in St.
George limestones. Plane polarized light.

E) Gastropod shell, now preferentially replaéeq
by dolomite, penetrated by burrows (arrow): Boat
Harbour Formation, Isthmus Bay. ,

F) Gastropod shell which has been preferentially
dissolved and filled by fine grained calcite
sediment in a sponge wackestone; Catoche
Formation, Smelt Canyon. The shell outline is -
very irregular and suggests that dissolution may
have penetrated into the surrounding sediment as
well. The fine grained calcitey is usually
selectively replaced by dolomite (arrow). Plane
polarized light.

G) Cathodoluminescence of microspar; Catpche

Formation, Port au Choix. The centres of many of
the microspar crystals are dark and suggest that
the luminescent calcite grew syntaxially around
non-luminescent cores. The large dark grains are
detrital quartz and the bright blue luminescent T
grains are detrital feldspar.

H) Cathodoluminescence of algal grainsg (Nuia?);
Boat Harbour Formation, Lower Cove. In these
examples, the internal structures of the
organisms are more luminescent than other parts
of the grains or the surrounding rock. ’
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stage ' cement to grainstones cemented previously by radial
bladed and/or syntaxial calcite cements (Pratt, 1979). It

also fills pores (some of which are fossil molds), in all

.textures of limestones.

Crystals range from 30 to 200 micrometres in size and

.are  normally non-ferroan bhut do occassionally become more

ferroan towards the centres of pores {Pratt, 1979). This
\ ’ X )
cement /is generally non-luminescent, though some examples
<4 . - . . R — )
do conta{n thin (5 to 10 micrometre) luminescent bands
interlayered = in thicker (to 200 °© micrometres)
non-luminescent intervals. . - -

In a recent study, Wilkinson et al. (1982) have

documented modern equantn syngenetic cements and have

inferred that some ancient examples may also be syngenetic.

‘The majority of equant calcite in the St. George is

interpreted as a mesogenetic, burial cement pfecipitated
from phreatic pore waters ('Pratt, 1979) ratherr than a
syngenetic cement. This interpretation is bhased upon its
pe-trogra‘p‘)hic, and 'luminescence. character and the fact that
ibpos{;da'tes both radial. bladed and syntaxial C?nenté. o
The f I'uctuat ions. from weakly 1un_11nesce"nt calcite to
non-luminescent (fe>rroan) calcite suggest precipitation
from predominal(tly , :_-eduéing, conditions, perhaps with minor
fluctu.at"ion‘s in redox potentiél or in pH (Evamy, 1969, Hem,

1972, Grover and Read, 1983),
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,...- ’ ARAGONITIC COM PON FNTS :

The majority of aragonite body fossils appear to have
been affected .by an episode of dissoluﬁiqn 'while within
striking distance of bufrowing organisms on, or near, -the
seafloor. This is suggested by burrows {(not bores) whi.,ch
penetrate shell ‘molds (Pratt, 1979; plate” 4.le) and by
internal sedi;nent which * fills molds (pAlate’ 4.1f). The
outline. of the mold is frequently irreqular hecaxuse the
lime mud in contact with the shell walls was also p;'one to
dissolution (as in plate "4.1d). Calcitic fossils such as
echinoids, trilobites and brachiopods were not subjected to

. this early event.

Kendall (1977) in his study of Palaeozoic limestones
of Saskat\chewan an%ﬁanitoba similarly observed gastropods
pen%t;atea By burrows and ‘also favoured early dissolution
of aragoniQe body fossils. He arqued convincingly that the

“Tack of geopetal structures (partial fills) rule‘d( out
passive infiltrat.ion of sediment during compa_ct‘ion or 'after
burial. Instead, Kendall suggested that the lime mud was
introauced into Lthe void space by the churning of sediment

~during bioturbation. ‘This is also a reasonable explanation

to account for sediment-filled gastropods in the St.

-

Geofge.
' Replacement of aragonitic body fossils by non-fabric
p-reser\./ative,v equant , calcite spar 1is also. frequent and

indicates dissolution of the shell after lithific'atibn, but
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prior to cementation (Bathurst, 1975). Replacement of these
'_components - with the‘ presérvation of the original fabric is,
however, rare. This suggests that either the neomorphic
conversion of aragonite to calcite {concommitant
dissolution and precipitation) was not a significant event
in the St. Ceorge "or (more. likely), most of the skeletal
aragonite was dissolved prior to the onset of neomorphism,

Overall, the diagenesis of aragonite body fossils

v

appears to have been restricted to syngenetic or early

diagenetic dissolution (figure 4.2).

S

SILICIFICATION: .
Silicification of limestones is common, ‘and is

generally an early-diagenetic event (Pratt, 1979) (figure

4.2). It often preserves the original fabrics of grains and’

cements, especially radial bladed cements.

MUDSTONFE LITHIFICATION AND MICROSPVAR GENESIS:
Lithification of lime mud in mudstones and
wackestones appears to . have been a relatively

early-diagenetic event ‘'because. most cross—-sectional trace
/

fossils are only sl‘ightly (plate 3.3b,g)}, or are not g

compacted at all. Some burrows howéver, are very compacted
(Pratt, 1979, 1982) and this wvariability 'may reflect

sporadic lithification of the mud prior to com;ﬂactidn. The

fact th.at molds remained opened"during -infiltration of

marine sediment (as opposed to collapéing).°and that
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dissolution of aragonite has frequently penetrated into the
surrounding - lime mud - (plate 4.1f) also implies that some-

mud was lithified (Qr at least consolidated) on or near the

seafloor. This is consistent with the conclusion arrived at

by Kendall (1977) for Palaeozoic carhonates of Saskatchewan
and Hanit’oba. Kendall observed that the ichnpfossils were
often "re-burrowed" by successive generations of burrowing
organisms, He suggests that earbly lithi‘fication_ of lime mud
forced the burrowers to selectively "“mine® the more
permeable, wunlithified ichnofossils and sediment filled
gastropod molds. o ‘ \ .

~ Much of the micrite in these fine_&rained limestones
as well as the micrite in peloids', intraclasts, hurrow
1Tfnings and some calcitic foss'ils (trilobig_es or
brachiopods), is commonly altered to microspar. Microspar-
is finely crystalline (5 to 20 micrometres), of an
interlocking to equant habit (Folk, 196.‘;) -and in the St.
George; is | exclusively ) non:ferroan. It may he
hon—luminescentl, or brightly luminescént (plate 4.1g).

The origin .of microspar is somewhat of an enigma in

“the diagenesis of carbonates. Most microspar fabrics, with

the possible exception of geopetal deposits (BRathurst,
1975), at:e, generally considered to be recrystallization
prodiucts (Folk, 1965). In the St. George, luminescent
microspar appears to be a syntaxial overgrowth of "bright*®

calcite around a dark “core"” (platé 4.1g). This implies
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. recrystallization in waters of a reducing environment where

the Fe2*/MnZ* ratio was small enough to promote

luminescence (ie, a phreatic environment; Grover and Read,

1983). Coléur and intensity of luminescence is similar to

that exhibited by some of the calcite in fractures cutting
across the microspar and intuitively, suggests luminescent
microspar was generated during late-diagenetic periods’ of

tectonic fracturing (figqure 4.2), Fluids introduced via the

ffracturés, may have: penetrated into the micrite along

minute intercrystalline bouhdaries and at the expense of

some of the micrite, precipitated out luminescent calcite

in optical continuity with' that of the core. Most microspar

is . however, non-lgm%nescent,-'not crossed by tectonic
fr&ctures and therefore cannot be explained by this
. . ;
process, '
There are a number of other .explan;tions. for

microspar generation. Folk (1974a), in his study of Mg2t

inhibition on calcite brecipitation, suggested that Mg2*

is retained within the sediment after lithification and

forms a *cage" around each micritic calcite crystal

preventing growth beyond a few micrometres. Only after the

Hg2+ has been flushed away by fresh-water - can

recrystallization to coarser «crystalline microspar take

place.

Bertrand . et al., (1983) have suggested that at least

some _&f the coarser crystalline fabrics observed in

mudstones (including microspar) could evolve during thermal
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maturation of the rdck. This mechanism.would‘oberéte during
" later periods of limestone diagenesis.

Independant studies in the modern by Steinen (1978,

1982) and Lasemi and Sandberg (1984) support Folk's (19743)

suggestion- that freshwater 1is an imborfént ,factof in

microspar devélopment. They believe that microspar is

produced direc£ly from lime  mud (in their case

v -~—

predominantly aragonite) and does not first pass through a
litﬁ}fication stage as Folk contends; micrite and microspar
.form at the same time (Lasemi and Sandberqg, 1984). The .
conversion is thouéht to invoive dissolution of aragonite
and precipitation of «calcite in.the resulting micro-pores
and through displacive calcite crystallization (Steinen,
1982).‘ This 1is essentiablly‘~ the same process outlined by
Land (1967) to explain the Pleistocene limestones of
Bermuda. Skeletal aragonite is dissolved in épntact with
freshwater, and provides £he necessary &ons for cementation
of the remaining sediment by calcite.
The ,composiﬁion of ancient marine sediments and
‘ ultimately, of_ ancient seawater, 1is much too complex an

issue, to attempt to resolve- in this study; however,

bufrowed,.'sedimént filled gastropod molds do suggest that
skeletal aragonite during St. George sedimentation was

prone to dissolution while essentially on or near the sea

floor., It 1is questionable thereforef whether aragonite was
a . ‘

a’ major component of St. George muds and whather or not the

- .
. .




\

ey -

.

. 113

" conversion of aragonite. to calcite was the driving force

for microspar generation. If the majority of mud deposited
during Early - Ordovician timé was calcite (or magnesium

calcite) rather . than aragonite, the. early diagenetic

evolution, of microspar via the method proposed by Steinen
% - . ' 3
(1978, 1982) and Lasemi and Sandberqg (1984) is difficult to

envision. Calcite and Mg-calcite (cqntaining less than- 1?2

mole percent MgCO3) could not prbduce the ions necessary

for cementation of ’ the mud because they are less reactive

~
¢

than aragonite when affected 'by freéhdatéf (Bathurst,

1975). ' _ A ot .

4

-

~In. the St. -George Grbup,_ mud appears to have been

lithified very early, perhapé while still on the seafloor.
If. Tmicrospar formed directly from 'uhlithijied .mud as

suggested by “Steinen (1978, 1982) and L' and Sandberg

(1984) then it must be an @arly-diagen:tic?pr-duct.'On the
othe? hand, at ieast some . microspar, (the bluminéscent
vgriety), appears to be related to late- diagenetic periods
of fectonic fracturing. Hicr;spar in the St. George may
have been generated severalk times duriﬁg the paragenétic
history of limestones (early- to late-diagenesis; figure
4.2).
*
ALGAL COMPONENTS:

Dascycladaceans and problematic algae (for example,

Renalcis and Nuia) cdﬁﬁonly luminesce more brightly than

.the background calcite (plate 4.1h) and often, a

A\
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;. non-descript peloid can be identified as an algal clot
simply 5& examining it with a cathodolumino;cope._ The -
reason(s) for luminescence of these components is not
cleai# There is nothan obvious diagenetic alteration of the
_ algae (for example, it has not been alfered to microspar),
qnd since not all the algae luminesce, it .seems unlikely
~that‘? luminescence is caused hf primary trace element
. . ; geochemiétry. It is clear however, that cathodoluminescence

- can be a valuable‘tool in determining the identity of some

questionable grains,
X ’

PRESSURE SOLUTION AND TECTONIC FRACTURING: .
‘ - Pressure ;olution results in a variety of stylolife L.
. : Eormg and can locally develép "pseudospar®, (a neomorphic
alteration of micrite to calcite.v greater than 30
. . micrometres in size; Folk, 1965, Bathurst, 1975), in
limestones immediately adjacent to stylolites} 'Pressure

solution is a late-diagenetic event (figure 4.2) and is

. discussed further in this chapter and in. chapter seven.

5part érom dolomitization; the final diagenetic event

"of significance in these rocks is tectonic fracturing and
CFill by a variety of ‘ferroan and non-ferroan caicites.
Fracturing occurred several times during the alteration of
limestones-.(early— to late-diagenesis), but is commonly the
last diagepetic event (fiqute 4.2). In tﬁe Port au Port

-

. area, they are as young as Carbopiferous, as demonstrated
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by fractures filled with Codroy Gioup sediments that extend

out.from sinkholes . .

SYNOPSIS:
The, paragenesis of St George limestones is grouped
into . synsedimentary (syngenetic), . early-diagenetic

(eogenetic;’ Choguette and Pray, '1970) and. late-diagenetic

events (mesogenetic; opt. cit.) (fiqures 4.1 and 4.2). Some

St. George .grainstones were cemented while on the sea floor

by synsedimentary marine cémeéts (radial-bladed and
.possibly syntaxial ceménts) and at the same time,lskeletal
aragonite was.~dissolved. Lime mud may also ~havq Ebeen
lithified while on the seafloof. -

Syntaxial calcite spar cement continued to
precipitate, around echinoids and some ooids during'periods
of early-diagenesis and second stage 5uria1 cements’ began
to fill the remaining pore space in the grainstones.
Silicification of some limestones also occurred durihg-this
beriod.

>Late—diagenetic events include; 1) continued
cementatioﬁ of pore space by increasingly‘iron rich equant

.

calcite spar ' cement, 2) pressure solution 3) local.

development of pseudospar and 3) tectonic fracturing.

Dolomitization occurred throughout ‘the diagehetié'history

‘of liméstones. In the following sections, it is placed irb

its proper paragenetic context.-
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® ' 4.4 DOLOLAMINITES
| PETROGRAPHY AND CATHODOLUMINESCENCE :

These rocks are compased of closelywpacked, clear to
turbid - do}omité‘ rhombs (plate 4.24)., Iron content varies
from' 0,13 to 0.87 weight §ercent FeO as determined by

_electron microprobe and atomic absorption.
Crystals in most dololaminites from the southern
b porfiph Of the study area are either uniformly luminescent’
(non-zoned; plate 4.2b) or are poorly zoned (plate 4.2c).
'If‘ bon;d, they contain no more thah 3 interlayers; the
‘iéﬁermost 6ng being more lunfinescent than thevbutef two.
Contacts .between %6nes ..are diffuse. In some rocks, rhomﬁé
.are cementedAby a ferroan czlcite cement. They are however,
.seidom'dpdolomitizated.
| Dololaminite crystals range from less thaﬁ 10 to
. aBout 50 micrometres thougﬁ some may reach 100 micrometres.
Larg;:‘ crystals are euhqdral and are commonly localizea
~aiong laminations (plate 4.2d) or as cement between clasts
in intraformafional breccias. Zonation in larger crystals
is only 'slightly better developed than in smaller ones
. .

(plate 4.2e). - Rare ‘dololdminites are composed almost

exclusively  of this. coarser dolomité but do not differ

outwardly from the'finér.érygtalli;é'eqdivalents.

Deﬂrital feldépar' and quaftz-silé are ubiquitous and
range in.abun&%ncé'frAE trace QUAntgt{eg to apprqximately S
pé}ceht. fh§§ are 20 to 66 microﬂetrés in size, are angular

to rounded, - and® ace 'éommOn}y distributed parallel to.the

»




PLATE 4,2:

PETROGRAPHY AND CATHODOLUMINESCENCE
PHOTOMICROGRAPHS OF DOLOLAMINITES.

A) Closely ppcked, xenotopic mosaic of finely
crystalline, angular dolomite crystals in a
typical dololaminite; Boat Harbour Formation,
Lower Cove. Plane pa{grized light. "

.B) Cathodoluminescence of the same dololaminite

sample depicted in A. The dolomite in this

sample is essentially uniformly luminescent and

non-zoned,

C) Poorly developed zonation within dolomite
rhombs in a well laminated dololaminite; Boat
Harbour Formation, Hare Bay. Detrital feldspar
(blue luminescence) is very abundant in these
rocks and is commonly concentrated along
laminations., Cathodoluminescence.

D} Euhedral dolomite crystals developed along
and between laminations (arrow); Aguathuna
Formation, NW Gravels. Plane polarized light

E) Zonation developed in coarsely crystalline.

dolomite crystals; Boat Harbour Formation,
Isthmus Bay. Despite the larger crystal sizes,
the zonation is still quite weak and seldom are
more than three interlayers developed.
Cathodoluminescence.

F) Scanning electron photomicrograph of a
delolaminite; Aguathuna Formation, Aguathuna
Ouarry. In this sample, as in most ,
dololaminites, the intercrystalline pore space
(2) between dolomite crystals (1) is filled by
dark organic rich material {2), This material is
also commonly concentrated along laminations.

G) Burrow mottled dololaminite; Aguathuna
Formation, NW Gravels, These rocks do not differ
petrographically from other dololaminites except
for the presence of trace fossils. Plane
polarized light. '

"H) Pseudomo;Phs of calcite after gypsum; Boat
a

Harbour Formation, Lower Cove, These

pseydomorphs are from a cavity developed in a
dololaminite after dissolution of an evaporite
nodule. Cathodoluminescence. .
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laminations (refer to plate 4.2c). <:L\ 7 .

Silica nodules are common (P?att, 1979). They are
composed of a variety of quartz and chalcedony fabrics,
although‘ replacement of evaporite nodules appears to have
been exclusively by euhedral mega-quartz or flamboyant
quartz (Pratt, 1979). » | .

Laminations, if " hot mafked by an accumulation of
coaréer crystalline dolomite, are marked by %h'abundance of
dark, amorphous, insoluble m;terial (refer to plate 4.2d).‘
This same . insoluble material is also 1localized in
intercrystalline pore space (plate 4.2f), Examples from the
northern portion of the sﬁudy area are normally "cemented"®
by a réd, moderately luminescent dolomite which locélly
replaces the dark, insoluble material between the crystals,

Burrow-mottled dololaminites are petrogyaphicaliy
similar to laminated.equiva}ents; however, burrqow walls are

darker than the host rock because of insoluble material in
[ . .

intercrystalline areas (plate 4,2g).

PARAGENESIS:

By direct comparison to laminated dolomite forming in
modern sﬁpratidal envi;onmeqts (for examble the Tunisian
Coast), the initial V dolomitization of St. George
dololamin}tes probably ., occurred peheconfemporaneously Qith

sedimentation (figure 4.1). The coarseness and the zonation

-

of some of the crystafsfalso suggests .that dolomite growth

"also continued after burial. Early dolomitization had been

¥ -
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" . suggested earlier by Pratt (1979) who found miérodolomite
intraclasts trapped within a silicified dololaminite-‘
grainstone. He argued that the pre-chert formation of the(i
dolomite  supported penecontemporénéoué precipitation ofé
dolomite during supratidal. sedimentation, Early
dolomitization _ and lithification 1is also supported by
intraformational breccias and fracturing around replaced
evaporite nodules. The fractures, from 10 to 75 micrometres
‘'wide, are filled by slightly ferroan calcite and appear’to
have ‘'developed because of the brittle nature of the rock
during' compaétion around the nodule. After dolomitization
and lithificaéion, the evaporites were dissolved‘and the
poré space was partially‘ filled with geapetal calcite
sediment preserving possible pseudomorphs of caléite after
gypsum (R.G.C. Bathurst, pers comm, 1984; plate 4.2h{.
Rare dololaminites appear to "have  bheen cohpacted
pfior to extensive lithification (and dolomitization?). In

these rocks, compaction has caused unlithified portions of

the bed to flow around lithified portions resulting in a

"concretionary” look to these horizons.
Apart from ‘thé -{ﬁicificétion- of evaporite nodules

X

and tectonjc fracturing, dololaminites do not appear to

. have been greatly affected by post-dolomitization events.
. {

M - i
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4.5 MATRIX DOLOMITE .
PETROGRAPHY AND LUMINESCENCE:
) The matrix dolomite in fine grained limestones

differs from that in coarse’ gfained limestones and

[y

therefore, the two will be discussed seperately.

1

Fine Grained Limestones:

Within mudstones and wackestones, matrix dolomite is
clear, euhedral, non-ferroan, finely crystalline (100
micrometres) ' and tommonly partially dedolomitiazed. Crystals

are zoned and can contain from 2 to 20 internal layers.’

)

.Cores are more luminescent than outer zones and commonly, a

-
-

thin, strongly ferroan band (containing up to 5.0 weight
B - B
percent Fe0}, is developed near the midpoint or terminus of

the rhomb (plate '4.3a). Contacts between individual zones

aré sharp in rhombs composed of more than three or four
zones but are transitional in rhombs composed of fewer than
three. Transects of - several dolomite crystals by electron

microprobe suggest that these zones are developed in

response to fluctuations in total iron content rather than
€SpC , i

in changes , in Mn2* concentration (figure- 4.3). The
concentration of iron- is often great enough to impert a

blue colouration to the zones,  (especially the very ferroan

.outex. zone), in stained thin sections,

There are no visable nuclei at the cores of the

rhombs (ie, peloids, allochems gr cfy;st'allite's of calcite

cor dolomite) suggesting that dolomite ' growth'was around

-




PLATE 4.3: PETROGRAPHY AND CATHODOLUMINESCENCFE
- PHOTOMICROGRAPHS OF MATRIX DOLOMITE.

A) Well developed zonation within matrix
dolomite rhombs; Boat Harbour Formation, Lower
Cove. A prominent non-luminescent is developed
near the terminus of the majority of the
crystals. Cathodoluminescence.

B) Coarsely crystalline matrix dolomite
localized between peloids-in a packstone; Watts
Bight Formation, Isthmus Bay. These occurrences
are characterlzed by very irregular crystal
outlines. Plane polarized light..

C). Cathodoluminescence photomicrograph. of the
same portion of the sample depicted in B.
Luminescence of the dolomite is a dull and
uniform purple to red.

D) Matrix dolomite (dolo) partially extinct
-postdatifng an earlier phase of pore lining
equant, calcite spar cement; Watts Bight
Formation, Isthmus Bay. Crossed nichols.

E) Scanning electron microphotograph of a
" portion of a matrix dolomite-rich interval;
Watts Bight Formation, Isthmus Bay.
Intercrystalline porosity is very common in
these samples. ’

F) Secondary por051ty in a matrix dolomite .
"rich®? interval, Watts. nght Formation, Iqthmuc.
Bay. Dolomite crystals in contact with the °
pores have been partially dissolved. Plane

- polarized light. :

G) Dedolom1t1zat10n of matrix dolomite crystals;
Aguathuna Formation, NW Gravels. The majority of
the dedolomitization is concentrated. negr the
" central -portion of the crystals (arrow).
Cathodolumlnescence.

CH) Dedolom1t1zat10n of matrix dolomite crystals,
Watts Bight Formation, Berry Head. The °
quilt-1like mosaic of these rhombs is caused-by
the combination in luminescence of two phases of
calcite and the original dolomite.
Cathodoluminescence,

I) Tectonic fractures filled by brightly
luminescent calcite; Watts Bight Formation,
Berry Head. This same calcite also surrounds
(arrow) or partially dedolomitizes the dolomite
crystals. Cathodoluminescence.
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FIGURE 4.3: Schematic representétion of matrix dolomite zonation correlated with-electron

microprobe traverses. Traverse A - A'

is across a weakly zoned rhomb whereas
traverse B - B'

is across a well zoned rhomb., In both examples, the zonation

results from variations in the concentration of 1ron rather than variations

in the concentration of manganese.

]

-







microscopic nuclei.

Coarse Grained Limestones:

Matrix ‘dolomite 1in grainstones and ﬁackstones is
coarser (200 to 500 miéfometres) and has very irregular
érysta} outlines where. it abuts against Qrains or earlier
cements (plate 4.3bf. in plane polarized light, rhombhs are

faint  brown, turbid,'strongly pleochroic and éharacterized

.
] -

by strained extinction. Luminescence is dull, ammiform and-

.

ranges in colour from purple to red (plate 4.3c). Zonation
is poorly developed and is usually a non-luminescent zone
surrounding a weakly luminescent core. The transition

between the two zones is always'gradual.'The dolomite is

pore~filling in g:aihstones, postdating non-ferroan eguant

‘calcite cement (plate 4.3d).

OccaSionally,‘ replacement of the limestone has gone
almost to cohmpletion and has resulted +in the matrix-
dolomite rich intervals described in chapter three. These
intervals are composed of the same dolomite that is in
packstones and grainstones, but the dolomité is better
crystalline (developing idiotopic mosaics; friedman, 196?)
(plate 4.3e) and the intervals are characterized by
abundant ~ primary intércrystalline ana secondary dissolution
porosities (plate 4.3f). Non-ferroan calcite void—filling
spar is localized to primary intercrystalline pores
suggesting that secondary dissolution postdates late phases

of calcite cementation. Stylolites and tectonic fractures
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are not present within these intérvals.

PARAGENESIS:

Petrographic and field evidence sugé;sts that matrix
dolomiée in’ fihe- grained 'limestones is the prpduct of an
early- "to late-diagenetic -event(s) (Figure 4.1). Rarely,
rhombs are etched -by' microspar and or b; nbn-ferroan,
equant calcite cement implying that at least some growth
predates neomorphic conversion of micrité'to_microspar and
equant calcite cementation. On the basis of.arguements.to
'be given shortly, it is ‘likely that dolomitization
proceeded up until the start 6f dedolomitizétion whicﬁ_in
these rocks, accompanied tectonic fractdring.

Crystal zonation in fine grained limestones .suggests

growth during numerous fluctuations in pore. water
- i4

¥

' chemistry, (that is, in Mn2* and Fe2*+ concentration),

- .

and intuitively sugdeSts -a prolonged period of

-

dolomitization. Chemical variations appear to have been

local as the =zonatian 1in the rhombs is not consistent

everywhére: “The. péftition coefficient .of Mn2* in dolomite

is much greater than that for Fe2*, and because the

residence time of fiuid flowing through -fine grained rocks

is long compared'_to‘thét of fluid'floﬁipg through coarser

grained rocks, " initial dolomite precipitates. would be-

relatively Mn2* rich (and more luminescent). Later

precipitates  would Dbe "Fe2* .rich and gorrespondingly'less

luminescent, This may explain the patern . of zonation found
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tn fine grained rocks (D.W. Morrow, pers. éom%;,-l984).,

" Matrix dolomite in’ grainy limestones is
petrographically different from the dolomite: - in fine

grained * limestones and is the result of a later dfagenetic

event (figure 4.1), It postdates equant calcite cementation

LY - -

and because it is not cross-cut by‘styléliteé or tectonic
fractﬂ;es, may. also postdate these late diagégz?ic events.
Lack of zénation’ in the rﬁombs implies growth from fluids
of a fairly ’cbnstant trace element compqsitioh or
alternatively, a rapid dolomite growth rate.

The intervals which were more ;ntensely dolomitized
~ (matrix dolomite-rich intervals) have been affected by
latér perigds of calcite spér cementation, secondary
dissolution "and gaseous hydrocargon accgmulatioh; probably
because, of the high intercrystalline porosity developed

)

during and/or after dolomitization.

DEDOLOMITIZATIO‘N IN FINE GRAINED LIMFSTONES:

DedolomitiZation of matrix dolomife in mudstones -and
wackestbhes occurs in one of three fashions (figurg 4.4):
'1) in the éores of the crystalé (plate 4.3g); 2) within the
tmofe ferrocan and therefore, szf unstable zones (refer to
plate 4.3b);: 3) randomly in the crystals.. The last mode of
replacement -is thé most common and imparts a ;quilg-like"
appearancé to the dolomite crystals {(plate 4,.3h).







L S X ' 130

éluids were inEeruced into the limestone via very
fine to microscopic latefdiagenetic. fréctures (1 to SO
hicrémetreé) (fig&re 4.5). I; one pafticularly good example -
of dedolomitization, tﬁree ip%ases of_ calcite can be
.distinguished .by their d}ffereﬁt luminescent properties and
crosscuiting relationships, ) The earliest phase is
non-luminescent and nonfﬁérroan and while it cuts acréss
the liﬁeétone and dolomiéé, it replaces neither, Thé second
phase of ‘Ealcite is slightly ferroan and brightly
luminescent”. Itlencircles dolomite crystéls (plate 4.3i,
figurer 4.5), replaces both the Eolémite and them:héét
limestone and hés filled the intercrystalline pore space of
eguant calcit; spar cement,

The final phase of calcite is moderately lumimescent,
non~ferroan and also causes some.dedolomitfzation, however,
it does not surround doloﬁite rhombs. It is the combined
1umi;§;;ence of the tﬁo phéses of ;dedolomite' and the
remaining dolomite that ‘develOps the quilt—like mosaic of
the - crystals 'wheh viewed under cathodoluminescencé (refer
to plate 4.3g). " } -

It . is likély that‘matrix dolomite grew Ey concomitant

dissolution and precipitation. The brightly luminescent

calcite surrounding the dolomite‘crystals appears to have

.

. , . : {

* FElectron microprobe analysis of thiis calcite shows it to
cantain 0.20 weight ~percent FeO and 0,70 weight pefrcent
MnO; Fe2+/Mn2+ = 0.29).




FIGURE 4.5:

Origin of the "quilt-like” luminescence
observed within some matrix dolomite crystals.
Matrix dolomitization initially proceeds
through the dissolution of host limestone and
the precipitation of dolomite on a microscopic
scale (A). Following the majority of dolomite
growth, tectonic fractures begin to penetrate
the host limestone. The first phase of calcite-
fracture filling cement is non-luminescent and
causes little or pno dedolomitization of the
rhombs (B). A second generation of fracturing
partially utilizes the pathways provided by the
first generation ‘and is filled by brightly
luminescent calcite. This phase of calcite
fills in the thin layer of porosity associated
with the dolomitization and causes significant
dedolomitization of the rhombs (C). A third
generation of fractures, this time filled by
moderately luminescent calcite also partially
dedolomitizes tHE® crystals (D) and it is the
combination of of both phases of calcite and

_the original dolomite which results in the

"quilt-like" mosaic of the crystals when wviewed
under cathodolumninescence.
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been introduced by fluids moving alohg the microporosity

‘accompanying the" qtssolﬁtibn/preETbitation, process and

effectively sealed the void space. The last phase of
moderately luminescent calcite does not shrrbund the rhombs

because the intercrystaliine .pore“ space had been filled

previously. Cementation of the microporosity by brightly

ER

[

luminescent calcite may be - the .mechanism by which

dolomitization was terminated.

4.6 MOTTLE DOLOMITE R
PETROGRAPHY AND'CATHODOLUMINESCEﬁahz‘- -

The petrograpﬁié and lumingscent propertiés 6f this

Qariety of dolomiie dre varied. Rhombs .are fine to medium

crystalline (50 to SOOK micrometres), idigmorphic to

xenotopic (Friedman, 196?), non-zoned to exceptionally well

zoned and range in luminescence from dull purple to bright

Pl

red. This entire .range in character can occur over an
interval as small as one or two metres.and commonly, one
i}mestone bed immediately errlying another, may contain a
#ompletely different ,dclomite even though the moptles look
identical in 'outcrop.

There are however, many generalities that can be made

about * this wvariety. Rhomps are commohly dedolomitized in. a

4

" fashion slMilar to that of matrix dolomite (figure 4.4) and

most, about eighty percent of the total, are zoned by three

or more discrete layers. Zonation is more common in mottle

dolomite from the southern portion of the study area. In
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the nbnth, rhombs are usUéff;(ﬁniformly luminesceht.
Crystals from the southern pqrtion coméonly contain a
strongly ferroan zone, (to 5.4 yeight percent Fel), near
their midpoint or terminus (plate 4.4a). Zonation in these
crystals, as in matrix dolomite, is a result of chamges in
‘total iron content rather than Mn2*t concentration (figure
4.6). The vast majority of crystals must have grown around
microscopic nuclei because in only one example (plate
4.4bi, were fine nuclei (10 micrometre calcitevgrains)
observed. | .
Interérystalline pore space 1is dark and composed of
v qrganic1fich insoluble detritus. The distinct impression is
that this material has been "pushed out of the way" and
concengrated ‘into intércryétalline 'poré space, during
dolomitization. This 1is simiiar to pofphyrobldstic growkth
in .metamorphic rocks. The detritus is locally _replaced by .
- - moderafely luminescent dolomite in limestones on the Great,
Northern Peninsuia.
Detrital feldspar and quartz afe sparse accessory
minerals in both thé‘limesténe hosf rock and the mpttles.
3

These  minerals .are, however, very abundant within

stylolite-mottles (plate 4.4c).
Mottle dolomite 1is commonly preserved in diagenetic
silica nodules or in silicified fine grained limestones

(Pratt, 1979).




PLATE 4.4: PETROGRAPHY AND CATHODOLUMINESCENCE ‘
PHOTQMICROGRAPHS .OF MOTTLE DOILOMITE. /

A) Zonation within mottle dolomite crystals; Boat Harbour
Formation, Lower -Cove. Most crystals have a very pronounced
ferroan (non-luminescent) zone developed near the midpoint
ar terminus of the, rhombs. Cathodoluminescence.

B) Dolomite rhombs containing bright orange luminescing
calcite cores, Catoche Formation, Smelt Canyon. The central
location of these grains suggests that they acted as nuclei-
for dolomite growth. Cathodoluminescence.

'C) Portion of a pressure solution seam conta1n1ng an
abundance of detrital feldspar (blue luminescence) and
dolomite (weak luminescence): Catoche Formation, Smelt
Canyon. One can visually gauge the amount of pressure
solution that affected the limestone by comparing the
amount of feldspar along the stylolite with that in the
surroundlng rock. Cathodoluminescence.

‘D) Portion of a traee fossil that has been completely
replaced by well zoned dolomite; Boat Harbour Formation,
Isthmus Bay. Cathogolum'inescence..
. : a .
E) Ichnofossil partially replaced by dolomite; Roat Harbour
Formation, Isthmus Bay. In this example, which is from the
same thin section as D, dolomite is localized to ‘the
margdins of the ichnofossil. The core has been filled in by
“a later phase of slightly - ferroan calc1te.
Cathodolumxnescence. : .

F). Ichnofossil whose margin has been converted to

microspar; Bdat Harbour ,Formation, No dolomite is localized
to this burrow but dolomlte is found in another .adjacent to
it (arrow). This ichofossil is in the same thin section as

D and E. Plane polarized light.

G) Well zoned dolomite crystals etched by the neomorphic
conversion of micrite to microspar (arrow); Catoche
Formation, Aguathuna Ouarry. After the neomorphism, the
remaiping porosity between the dolomite and the microspar

was penetrated by fluids which precipitated brightly
luminescent calcite (yellow). This calcite also partially
dedoclomitized part of the rhombs. Cathodoluminescence..

H) Dolomite (red) preferentially replacing the fine grained !
sediment (dark) which has filled a gastropod shell wall

after dissolution of the aragonite; Catoche Formation,
Smelt Canyon. Cathodoluminescence.

I) Dolomite (purple) abuting against and partially
replacing a calcite filled gastropod shell; Catoche
Formation, Smelt Canyon.,Dolomite crystals are surrounded
and are partially dedolomitized by brightly luminescent
calcite, Cathodoluminescence. :

.







FIGURE 4.6: Schematic representation of mottle dolomite zonation correlated with electron
- microprobe traverses. Traverse A - A' is across a large, uniformly
Tuminescent crystal. The concentration of both manganese (not shown on this
figure) and iron are essentxally below the limits of detection of the

microprobe. Traverse B - B' is across a<we11 zoned dolomite crystal and as in
matrix dolomite, zonation appears to be ‘a response to fluctuations in iron

content. The concentration of manganese in this example is below the limit of
detection of the microprobe.
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As discussed in chapter three, the replacement of

PARAGENESIS:

ichnofossils by mottle ,dolomite-is vafiable. Some burrows
are completely replaced (plate 4.4d), others . are only
partially replaced (elate 4.4e), and some have no dolomite
asssociated -with _them at all (plate 4.4f). IQ several. thin
sections, all degrees of replacement are present enagiing

the following conclusions to be made;

1) Theré is no petrographic difference between the
dolomite in partially replaced, or completely
replaced ichnofossils (compare plates 4.4d and e).
This implies that nucleation and growth took -place in
all parts of a burrow at the same time and that
burrows completely replaced by dolomite are not the
result of ‘an additional phase(s) of dolomitization
on those that were only partially replaced.

2) The cores of burrows: that have had only their
margins replaced by dolomite are filled with
slightly to moderately ferroan (averages 0.24 weight
percent FeO), pore-filling, equant calcite cement.
This calcite 1locally replaces or etches some of the
dolomite,

3) The margins of burrows that are not replaced by
dolomite are composed of microspar {refer to plate
4.4f). Rhombs are occasionally etched 1in contact
with the microspar (plate 4.4qg).

4) Compaction of burrows 1is variable and predates

dolomitization in all examples. This is the reason

for the strung-out appearence of many of the burrows
A when viewed in cross section.

Palaeophycus is the most commonly dolomitized

ichnofossil in the St. George Group and it is likely that

most of the ichnofossils encountered in thin section are of
. 4

this genus. This trace fossil has a packed wall and remains

open during occupation by the burrowing organism (G.
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Narbonne, pers. comm. 1983; figure 4.7). After the dtath of
the animal, some burrows must have . been filled with

sediment, but. others, (those whose cores would later be

-
\\filled by pore filling calcite), must have remained

"empty®". After lithification’' of the host mud, but before
periods of silicification, dolomite began to replace the
material in, "and 1lining the burrowé. Initial phases df
mottle dolomite must_therefdre be regarded as the products
of eariy diagenesis or eogenesis (Choquette and ‘Pray,
;1970). Those burrows filledl entirely with sediment were
eventually completely ééplaced, “whereas the‘empty burrows
had only their margins replaced (figure 4.7). Dolomite
growth appears to have been conﬁinuous but affected by .
changes = in the pore water chemistry as ﬁisplayed by
zonation. These changes were local beéause the zonation is
not constant evérywheré. In many examples, crystal size and
zonation patterns (especially the prominent ferroan zone),
are .similar. to those of "the mattix dolomite in ﬁearby fine

" grained limestones. This strongly suggesting that at least

-,
. .

some matrix dolomite and mottlé dolomite formed over the
.samé period of time and as a result of the same event{s)
(figure 4.1).

The ‘etching of some Qf the dolomite crystals hy
microspar (plate 4.4g) and by ferroan, pore- filling equant
calcite cement ‘suggests that dolomitization was intefupted

on occasion by the conversion of micrite to microspar and

by periods of late-diagenetic burial cementation (figure




FIGURE 4.7:

Schematic summary illustrating the process
whereby mottle dolomite replaces the margins of
ichnofosssils. Many of the trace fossils,
especially those identified as Palaeophycus,
are characterized by packed margins (A) and may
have remained open after they were overlain by
sediment (B). After lithification of the
enclosing lime mud, dolertite selectively
replaced the margins and .the sediment.which
percolated into the open burrows (C),

~eventually forming an xenotopic mosaic (D).

After dolomitization, ferroan calcite spar
cement (stippled) filled the void space at the
core of the burrow (E). Selective
dolomitization (black):is a later diagenetic
event.
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4.7)., Most rhombs however, are not altered by these events

suggesting that dolbmite growth was also continuous after

microspar formation and burialk cementationﬂ This is also
like matrix délomite in fine grained limestones. .

It 1is evident that mottle dolomite has undergone a
brolonged period of growth and must be regarded as a
product of | early- to 'lafe—diagenesis (meségenesig of
Choquette and Pray; 197G) (figure 4.1). Dedolomitization
and - termination of dolomite growth may have occurred during

periods of tectonic fracturing in a similar fashion to that

" postulated for matrix dolomite.(figure 4.5)..

.Rvents responsjble for. the replacement of aragonite
body fossils afe essentially the same as those summarized
above with but one important addi?}onr Aragonite body
fossils (especially gastropods) ‘were subjected to
dissolution prior to the start of lithification (figure
4.1) and the shell,'mélds were-‘filled by fine sediment.
Dolomite . breferentially *~ replaced this  fine grained

sediment. Rhombs dre petrographically identical to the
[}

-dolomite in nearby ichnofossils (plate 4.1f).

Fossils that have been Qilled or replaced by calcite

.

spar rather than sediment are 1less commonly dolomitized.

suggesting that in some cases, equant calcite cementation

A

of aragonite shell molds predates dolomitization. The

embayment of cement in contact with dolomite (plate 4.41i)

further supports this conclusion.
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The role that pressure solution has played in these
rocks is variable. Frequenily, stylolites cut across
mottles, are -deflected around them, or are nucleated alohg
the contacts between the mottles and the limestone
indicating that préssure solution pastdates mottle
dolohitkzation. In. many limestones however;, doldﬁite has
nucleated in, and qgrown wholly within the confines of the
stylolites. It has not simply been collected during
pressure solgtion. '

It 1is possible to visually guage the" amount of
pressure solution that has affecFed a rock by comparing the
amount of detrital feldspar localized along stylolites with
the amount: . found - scattered in the limestone (for example,
refer to plate 4.4c). If the dolomite is compéred in a
" similar manner, it becbmes. clear that there is j;%t»not
enough in the host rock to account for the amount localized’
along the stylolites;” ‘dolomite must either postdate
pressure solution, or must have accompanied it.’

Many dolomitized ichnofossils as well as matrix
dolomite~rich intervals in fine grained limestones are
transected or, abut against stylolites. Given that the
fluids which passed along thé solution seams during and/or
after pressure solution could have promoted dolomitization,
it is not unreasonable fo "assume that they too were
sﬁbjected to this late-diagenetic period of dolomite
‘5qrowth; 'This further implies that .mottle (and some matrix)

dolomitizatibn is a long lived event.




4.7 PERVASIVE A DOLOSTONE
PETBOGRAPHY AND CATHODOLUMINESCENCE:

The 'dolomite that is responsible for the mo%ﬁling in
these rocks is' to all intgnts and purposes, ideétical to
the dglomite between the mottleé. Crystals in both areaé
.are "ciear, " anhedral - and form xenotopic ‘mosaics.
Luminescence is normally a uniform moderate. red colour. The
only apparent difference between the mottles and the
intermottle areas is a difference 1in érystal sizé; this
being ﬁost apparent when the samples are exaﬁined under
polarized light (plate 4.5a).

Mottles can occasionally, be resolved into individual
ichnofossils and ailin mottle dolomite, the finer dolomite
is localized to the margin of the burrow (plate 4.5b). When
viewed under cathodoluminescenée however, resélution is
much more difficult bécause of siﬁilarities in colour and
intenSity (plate -4.5c). -

Abproximately twenty percent of the pervasive A
dolostone- samples examined with cathodoluminescence are

composed of zoned dolomite. Zonatien within the dolomite

that makes up the mottles is poor, and seldom are more than

"one or two layers developed around a central core of dull

red luminescing \dolomite. The intermottle rhombs are

usually better zoned and bave additional outer layer(s) of

non-luminescent dolomite (plate 4.5d,e). The core to these

crgstals is commonly larger-thah the dolomite found in the

mottles, but luminesce in an identical fashion.




PLATE 4.5: PETROGRAPHY AND CA%HODOLUMINESCENCE
PHOTOMICROGRAPHS OF PERVASIVE A DOLOSTONES.

A) Bimodal dolomite crystal size within a pervasive A
' dolostone; Boat Harbour Formation, Isthmus Bay. Crossed
nichols, ' o

B) Transverse section through an ichnofossil (arrows); Boat
Harbour Formation, Cape Norman. Trace fossils are only
recognizable in these rocks by the localization of finely
crystalline dolomite to their margins. Plane polarized
light. ‘

C) Cathodoluminescence of the ichnpfossil shown in B
(arrows are in the same position as they are in B). In
general, the rhombs within the margin of the burrow
luminesce the same colour and intensity as the dolomite
between the burrows. The intercrystalline boundaries of the
dolomite crystals have been penetrated by a later phase of
moderately luminescent dolomite. This is typical of all
samples from the northern part of the study area.

D) Mottles (M) and intermottle areas (IM) within a
pervasive A dolostone; Catoche Formation, Smelt Caftyon. The
intermottle areas are composed of dolomite that is hetter
zoned and has additional outer zones than the dolomite
confined to the mottles, Cathodoluminescence.

E) Exceptionally well zoned.dolomite crystals within the
intermottle area of a pervasive A dolostone; Catoche
Formation, Hare Bay. Part of the intermottle dolomite has
nucleated around the mottles which suggests continual
dolomite growth in these areas after dolomitization had
terminated in the mottles (M). Cathodoluminescence.

F) Dark insoluble material localized along a stylolite
(arrow); Boat Harbour Formation, Cape Norman. Despite the
fact that the stylolite is only poorly developed, this
indicates that pressure solution postdates pervasive A
dolomitization, Plane polarized light. ’

G) Individual dolomite rhombs localized in the interareas
between mottles in a wackestone close to a pervasive A
dolostone - limestone contact; Boat Harbour Formation,
Isthmus Bay. Plane polarized light.

H) Scanning electron photomicregraph of a partially

- dedolomitized pervasive A dolostone; Boat Harbour

~ Formation, Isthmus Bay. Prior to examination, this sample
was etched in a weak acid solution to selectively remove

the calcite. Dedolomitization is concentrated at the cores

of the rhombs.

ey
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Three samples out of a total of twenty seven examin;h
d;ffer from the "standard” dolostones discussed aboye._'
%heéL focks contain mottles that are composed of a clearly
different dolomite than makes up the intermottle areas and
is not siqply the addition of a éew differen% layeyg of
dolomite on ~tgp of the same core. The mottles are made up
of moderatély luminescent dolomite whereas the interm;ttles
are compbsed of non-luminescent dolomite with occasional
and thin (less than 50 micrometres), bright bands. These
different dolostones are scattered both geographically and
stratigraphically; one is from Smelt Canyon (Catoche
Formatibh),h one is from Port au -Port (Roat Harbour
Formation) and one is from Hare Ray (Catoche Formagiéﬁy}
They appear to be interhedded with the more typiéal or

"standard” pervasive A dolostones.

Feldspar is a commons_but sparsély distributed

"accessory mineral in pervasive A dolostones and is likely

inherited from the former limestorfe. Stylolites are also

4

common, though poorly developed. Rather than_  the sharp

‘seams ‘marked by the accumulation of siliciclastic minerals,

stylolites i the majority of these dolostones are usually
marked by brecciation (on a microscopic scale), grinding of

the dolomite and}the accumulation of dark insolubles (plate

4,.5f). Inéercryétalline pore space |is marked by the.
accumulation of dark insoluble material and this is locally
replaced by bright red luminescing dolomite on the Great

Northerp Peninsula (refer to plate 4.5c)..




PARAGENESIS: : /

1
~

Before summarizing the paragenetic history of
pervasive A dol'ostones as sugge\sted by.pet‘rographic and
field observations, it 1is first necessary to outline sorr!e,’f
important conclus-ions that can be made"\h‘)r.deduced) about
these rocks. ‘ It seems likely that the  mottles and
intermottle areas within.most perva'sive A dolostones formed
from fluids of ‘the. same trace element composition and
probably at the same time. This conclusion is based upon
the identical 1luminescence of dolomite in the mottles and
intermottles _for the majority o,f the examples. Samples that
are. composed  of zorned dolomite also support this
conclusion, ‘but thd faqt thét there are additional zones
added to the intermottle dolomite suggests further growth
‘after -mthe rhombs had coalesced in the mottles. This is best
ex.plainéd by advocating 4 a more rapid, or intense,
nucleatio}\ ~rate within the margins of the ichnofossils than
b_e}:ween them. The .three exceptions éuggest a s‘e‘condari/

: \
dolomitization and will be addressed shortly. .

- .The relationship- between mottles in the pervasive A
" dolostones and in adjacent limestones is not straight

farward. Pervasive A dolostones  share many common

characteristics with dolomite mottled limestones: 1) they .
)’ ™ - ~

commonly abut aqai.ns.t,’ or 'grade into one another (plates
‘3.45',.02,' 2) mottles can be traced from one lithology into

‘the other and 3) both contain gastropéds and ichnofossils

whose 'walls' are preferentially replaced‘ by finely

1
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crystalline dolomite (compare plate 4.5b with plate 4.:1e).
These common characteristics suggest that ﬁérvasi.ve A
dolostones and wmottle dolomite in limestones must be
closely related. Rhombs  in the limestone, however, differ

petrographically from those within the adjace.nt dolostones.

. Y

The central portion of the mottle dolomite crystals are

“ysimilar to those in the dolostone; they are uniformly
! !

!luminescent if the adjacent pervasive 'A dolostone is
c'omposed‘ of unifor:nly luminescent dolomite ({(the wusual
case), or are zoned if the adjacent‘pervasive A dolosténe
is composed of "zoned dolomite.(rare occurrences). In almost
all examples however, the- mottle dolomite has additionai
'zones superimposed on ‘this central portion which suggests
further. doiomiﬁe growth within the limestone aft.er
dolomitization had been com[Si'eted in the doloétone. It can
also be deduced that crystal growth was more rapid in the
dolostone . than in the limestone®because bands within the

former are usually thicker than are corresponding bands in

the 1latter. . /

Mottles in limestone and in dolostones also differ in
thei‘r‘ accessory mine'ral composition., Mottle dolomite is
cbmmonly strung: out along styiolites and cantains abundant
feldspar, quartz and clays. No ~where 1in any of ‘th'e
dolostones . are there concentrations of this

"stylocumulate®™, in -fact, the s't'yloli"tés that are present

brecciate  the dolomite crystals.. These . observations

.o

indicate. that pervasive A dolostone predates-all phases of

pressure solutiaon.
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Although very sharp in outcrop, contacts between the
two lithologies ir; tr}in section is usually gradational. The
transition from limestone to dolostone is accompanied by . a
increase in ‘the amount ' of dolomite rhombs within the
intermottle- ‘dreas (platel4.5g), eventually coalescing into
xenotopic mosaics in ' the intermottle areas of the
dolostone, In the 1limestone, dolomite rhombs are only

sporadically distributed. |
Thgse field ‘and petrographic' observations are -best
explained by the following sequence of -events. Ichnofossils
in both the limestones. and the dolostones must have begun
to be preferentially éolomitized at about the same time’
(fig\;re‘ 4,8). Rhombs probably nucleated and grew quickly,
(but also coalesced quickly), near the ’marg-ins of ths
ichr;\ofos_sils in ‘the 4dolos'tone as evidenced by their fine

P ‘.\; X . .
crystallinity and xenotopic habit., Growth may have been

less él;abid in the limestone as dolomite crystal§~here are

-

-

less commonly intdrgrown and the central portipn ‘of the
% .

crystals is smallef,‘ than .corresponding crystals -in the )

i . ’ . /‘_\_'/‘\,

dolostone. Differences in nucleation and growth rrtes may /
o

also explain why the transition from limestone to dolostone (
' }

is also accompanied by a sharp increase in the proportion ‘/

ol:" mottle dolomite (refer to t'he. discussion in chapter
three and éigure 3.4). At the same time-, individual
dolomite rhombs nucleated between the mottles and also grew
~rapidly .(;igure 4.8). Because they were more sparsely

[ .
distributed initially, they had more room to grow and
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FIGURE 4.8:

(E).

TN
//’ N .
Paragenesis of pervasive A\dolostones and its
relationship to mottle dolomjte. Following
bioturbation (A), .dolomite nugleation and

growth began (B).’ In some arer (upper half of

. diagram), dolomitg growth was pervaswe. In

other portions (lawer half of dxagram),
dolomite growth wap restricted to the burrows.
Nucleat ton appears \to have been very rapid in
the ichnofossils an subseque’ntly, dolomite
crystals coalesced qu1cker ih the ichnofossils
than between them (C\\—Dqlomlte growth in the
areas between the ichnofossils proceeded for a
longer period of time and this resulted . in
coarser crystals with additional outer zones
(D) Pervasive A dolostones were not subjected

"to a later phase of dolomite ow along

stylolites that affected the m?ttle dolomite

{

N
\

o




05'5
153




154
therefore, became  larger be fore finally coalescing.
Additional zones may, or may q?Ot' be more ferroan
reflecting' changes in pore water chemistry during these
later phases of growth (refer to plate 4.4d). The
transition from bioturbated -limestone to pervasive A
dolostone took place relatively early diagenetically and .in .
most examples, predates theée onset of additional phases of
zonation within the mottle dolomite in adjacegt limestones,

Pervasive A dolomitization 1is therefore priharily the

result of an early-diagenetic event and is coincident with

~early phases of mottle/matrix dolomite (figure 4.1).

The three samples of pervasive A dolostone which
contain a different dolomite in the intermottles than found
in the mottles suggests overprinting of a dolemite mottled

limestone by a second later period of dolomitization. These

instances must have. been the result of several different,

"and very localized events as these rocks are so few in

number and are widely distributed both geographically and
stratigraphiéally. Timing these secondary dolomitization
events iis difficult and little apart from stating that they‘
postdate the initial dolomitization responsible for the

mottles, and that they may have accompanied periods of

pressure solution can be safely concluded.

3

-

Post-dolomitization events are similar to those in

- /'J - .
previously described varieties. Ferroan and non-ferroan
calcite cementation of pore space, followed by chert

replacement of this cement is common, -as 1is tectonic
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fracturi#g.’ Selective dedolomitization (plate 4.5h), and
late stage pore filling ferroan dolomite are less common
events. » .

" 4,8 PERVASIVE B DOLOSTONE AND SADDLE QOLGMITE
RETROGRAPHY AND CATHCDOLUMINESCENCE:

/i Uﬁlike pervasive | A dolostone, the mottles and
inéermottles of pervasive B doloséone are bimodal and
warrant separate discugsions. The dolomite within. the
intermottle areas of these rocks is petrographically

identical to saddle dolomite in fractures and vugs, and

therefore, theée two varieties will be discussed together.

Mottles:

Dolomite within mot;les in pervasive B do;ostones is
medium crystalline (100 Vto 200 micrometres), non—ferroan,
anhedral, forms xenotOpfé mosaics (plate 4.6a) énd normally
“luminesce uniform.vhues of red or purple  (plate 4.6b).
Zonation- is 'rarely developed. Ichnofossils and gastropods
.Are exceptionally well preserved (plate 4.6c).

In all cases, mottles  have been dragged out
horizontally alOngf stylolites (refer to plate 3;5c) and —~

: commonly ébundant detrital feldspar is associated with them
(refer to vpléte 3.6a). Stylolites usually do not continue
into intermottle areas.

! .
Dolostones from ‘the Watts Bight Formation are

RS

composed of dolomite which luminesce in a similar fashion

T —— +




PLATE 4.6

PETROGRAPHY AND CATHODOLUMINESCENCE
PHOTOMICROGRAPHS OF PERVASIVE B DOLOSTONE.

A) Finely crystalline dolomite localized in
mottles within a pervasive B dolostone; Catoche
Formation, Table Point. The dolomite within the
interareas is much more coarsely crystalline and’
is characterized by cukved crystal .outlines,

and strained extinction. Plane polarized light.-

B) Cathodoluminescence of the same:portion of
the pervasive B dolostone shown in A, The
dolomite within the mottles has clearly

different luminescence than the dolomite between
the mottles.

C) Gastropod preserved within a pervasive B
dolostone; Watts Bight Formation, Cape Norman.
The finely crystalline dolomite that is
localized to the shell is the same as the

dolomite found in ichnofossils. Plane polarized
light.

D) Cryptalgal laminations preserved within a

.pervasive B dolostone; Watts Bight Formation,

Back Arm, Plane polarized light.

E) Recrystalllzatléh of dolomite within a
pervasive B dolostone; Watts Bight Formation,
Cape Norman. The contact between the replacement
dolomite (red luminescence) and the original
dolomite (purple luminescence) is very irregular
indicating that the luminescence characteristics
of this example is not the result of zonation.
Cathodoluminescence.
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to that of the mottle dolomige but preserves, albeit
péorly, cryptalgal laminations (plate 4.6d). Rhombs are
also more coarsel} crystalline ranging from 300 to 750
micrometres in size. This characteristic more ~closely
resembles the intermottle dolomite than it does the mottle
dolomite. As 1in other pervasﬁve B dolostones, mottles are
usually dragged out along &tylolites; however, in these
rocks, the styloiites also cut across the intermottles.
Intercrystalline pore space of‘ the dolomite within
all mottles, as. in m&st other variégzgs of dolomite and

dolostone on the Great Northern Peninsula, is filled by

dark, organic rich insoluble material which 1is locally

penetrated and replaced by red, moderately luminescent
dolomite., This same red luminescing dolomite also replaces
. e

part of the original dull-purple luminescing dolomite in
some Watts Bight dolostones. The contact between the two
different dolomites is very patchy and irregular suggesting
that it is a :eplécement rather than simple é;ﬁét}9ﬂ,191923m
4.6e). These are the only clear-cut examples_of dolomite
recrystallization found in the St. George.

" INTERMOTTLES AND SADDLE DOLOMITE:

Rhombs from between mottles in pervasive B dolostone
and in saddle dolomite are turbid, show sweeping or hour
glass extinction (plate 4.7a), can be very coarsely

crystalline, (saddle dolomite crystals in fractures cap

measure to 15 millimetres), and range in shape('from




PLATE 4.6:

PETROGRAPHY AND CATHODOLUMINESCENCE
PHOTOMICROGRAPHS OF PERVASIVE B DOLOSTONE.

A):Fineﬂg crystalline dolo?ite localized in
mottles within a pervasive/B dolostone; Catoche
Formation, Table Point. The dolomite within the
interareas is much more coarsely crystalline and
are characterised by curved crystal outlines,
and strained extinction. Plane pblarized light.

B) Cathodoluminescence of the same portion of
the pervasive B dolostone shown in A, The
dolomite within the mottles has clearly
different luminescence than the dolomite between
the mottles.

.. LN
C) Gastropod preserved within a pervasive B
dolostone; Watts Bight Formation, Cape Norman.
The finely crystalline dolomite that is
localized to the shell is the same as the
dolomite found in ichnofossils. Plane polarized
light.

D) Cryptalgal lamjnations preserved within a
pervasive B dolostone; Watts Bight Formation,
Back Arm. Plane polarized light.

E). Recrystallization of. dolomite within a
pervasive B dolostone; Watts Bight Formation,
Cape Norman.. The contact between the replacement -
dolomite (red luminescence) and the original
dolomite (purple luminescence) is very irregular
indicating that the luminescence characteristics
of this example is not the result of zonation,
Cathecdoluminescence.
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anhedral - intergrown to rhombohedral and strongly curved

(plate -4,.7b). Pore-filling saddle dolomite crystals
nucleated’ along both sidés of the fractures and‘érew with
- their optic, or C axes, oriented perpendicular to the
fractures, Cleavages are also commonly curved and 1érge
crystal faces érg éomposed of ’smaller rhombs which are
identicaf in apﬁeatence to the stépped or disrupted
surfaces described by Radke>énd Mathis (1980) (plate 4.7c);

The dolomite is usually ﬁon-ferroan, rarely zoned and
uniformly lumiﬁegcent (ﬁoderate to 'bridht red) (refer to
plate 4.6a). It is this dolomite that occupies
intercrys;élline pore space in all other dolomite and
dolost;ne . varieties .on the Great Northern Peninsula.
Exceptions to this 1uminescehce do exist, particular'within
pére filling saddle dolomiﬁe. Successive generations are
commonly more ferroan, (i#créases from 0 Qeiéht pércent FeO
to 2.5 weight percent Fe0 are not uncommon), and are
correspondingly less luminescent.

Intercrystalline pore space in the intermottle areas
of pervasive B dolostone 7is occypied by eithef dark
imsoluble - material, or microcry§talline Achert. The
intercrystglline pore space preserved 1in the saddle
doiomite—filled fractures >and vugs is either .empty, or

contains megacrystalline, non-ferroan calcite, euhedral

quartz or rarely, gypsum and fluorite,
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PAPAGENESIS:

The paragenetic relationships =~ between saddle
dolomite, pervasive B dolostone and the sgrrounding country
rocks are complex. Because of petrographic‘and‘luminescence
similarities, it is likeiy that most saddle dcolomite and
pervasive B dolostones wére derived from fluids of similar
character. It is clear hoyever, that-§11 the pervasive B
dolostone‘ and saddle dolomite did not form at the same

time. There are different events of both as evidented by:

1) Veins of saddle dolomite that cut across some beds

of pervasive B dolostone which also nucleate
pervasive B dolomitization in nearby 1limestones
(refer to plate 3.8h),

2) ' Saddle dolomite veinlets which do ndt cut
completely * across pervasive R dolostones, bhut
instead, merge into the intermottle dolomite,

3) Saddle dolomite which 1locally replaces the’

. intermottle dolomite within pervasive B dolostones
(refer to plate 3.8f).

With the possible édxception of the Watts BRight

Formation, there 1is no doubt that pervasive B dolostones

are products of late diagenetic events (figure 4.1) and’

were caused by a second phase. of dolomitization
overprinting a dolomite mottled limestone. This conclusion

is substantiﬁted by several pefrographic and field

observations:

.

1) Mottles in the dolostone look similar to mottles -

in nearby limestones (both have the same uniform
luminescence) and commonly, they grade into one
another., Unlike pervasive A dolostones, mottles in
both lithologies have been dragged out by pressure
solution. ' '
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2) Pods of pervasive B dolostone are common within.
limestones on the Great Northern Peninsula“‘ never

in any other lithology. . . -
3) . In some remnant Jlimestones, saddle dolomite

- pucleates around - pre—existing dolcmite <crystals in
mottles and along stylolites (plate 4.7d). In all

cases, this phase of dolomitization postdates all’
diagenetic alterations .of the limestone (including
compaction, cementation, neomotphic conversion of -
micrite to microspar and pressure solution).

-

Pervasive B dolostone in the Watts Bight Formation

differs from dolostones in stratigraphically higher
Eo>rmadtions: 1) it pres'e’rves cr)(ptalgal laminati?ns, 2) 1s
not characterized by two diitinctly different dolomites, 3) | :
is c‘bt‘ -by stylo;ites and 4) is (rarely.) r;crystallized
(piaté 4.6e). It is this latter characteristic that is most
important as it sugc_iests that an earlier phase of dolomite
was =~ replaced byllate—diagenétic dolgmite. Rather _than
o’verprin;ing a limes.tone, pernvasive\ B dolomitization. i.n the
“watts Bight Formation 'may have overprinted a pre-existing
dolostone. Overprinting may also e);plain why, gi.ver_'n_”the

Wfp_romine_nce of zonation in most southern examples of n'\:)ttle
dolomite, r;nottles in no'rthern " limestones and pervasive B
dgldstone are‘. "composeq of uniformly lu;ninescent crystals.
This ma‘y either reflect original differences in character
(that is! the rhémbé ‘;ere never zoned), or destruction of
zonation by _overp'rzinting. Given fhat the oﬁe 'example' of
rgrys.tallizatio.n was -at. the4 expense of zoned —crystals,
tﬁis latter possibility is entirelyi feasible.

The replacemént' of limestone by intermottle dolomite

must "have been * accomplished by dissolution  and B
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pre.cip'itation along a very sharp front and on a microscopic
scale raht'her thaﬁ large scale di_sso}gtior; prior to
dolomitization. There is no other way to account for the
sharp contacts' which often occur  between pervas'i.ve R

v

dolostones and limestones, These contacts appea¥ sharp. even

in thin section (plate 4.7e). Had the dolomitization been:

preceded . by large scale dissolution, the mottles would not

be ‘expected to be insitu and many examples of solution

collapse would be expected. With the exception of the

New foundland Zinc Mines (discussed shortly), solution
- { ” .

collaps'g is not a major component in the paragenetic

‘history of these rocks. ' L !

Pervasive B dolomitization was probably initiated

during the earliest phases of tectonic fracturing. Fluids

-

- passing up the fractures migrated into surrounding rocks

0y

where they developed the first t;eﬁe'rations of pervasive B
. . .

dolostone . (figure 4.9). 'The . replacement = of the

g

intercrystalline matexial in the Other dolostones is also

likely to have occurred during, the passage of ‘these fluids.

As these 1limestones were Being dolomitized, new

generations of saddle dolomite either-utilized the previous

N,

fractures or filled new ones. These fractures, and still
later generations, cut. cleanly through the d/ololar;l‘i'nites,
‘and the pervasive A T and B dolostones but_l‘ocally éaused
pervasive B dolomitization when limes'tones were’ eﬁcountered

(figute 4.9). The "™pods" .and "pans® described in chapter

three are probably products of this dolomitiia’tion.‘

-




FIGURE-4.9:

Probable origin of pervasive B dolostones.’
Initially, .country rocks (limestones and
dolostones) were subjected to tectonic

-fracturingand fill by saddle dolomite (A).

From these sites, stratabound dolomitizing
fluids passed into limestones along a shar;p
dxssolutxon/preczpl.tatlon front- (B). Dolomite
growth may. also have nucleated along the

‘pre- ex1st1ng crystals that were localized to"

mottles (inset). Whole limestone beds were ,
replaced in this manner (C). Later A
generations of fractures cut through the
dolostones and nucleted dolomitization in
other limestones. Replacement of %he
intermottle areas by later generatidns of -
saddle dolomite also occurred during this time
as the aggressive solution contirued to po
out from the fractures .(D)., Limestones cag
again be’ completely replaced, or only
partially replaced. The latter results in
stratabound pods or pans (B).
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Fracturing is most intense in the area of the
Newfoundland Zinc Mine where .true spar breccias and

pgegdobreccias are locally developed. Thelupper portion of
.the Cakoche Formation uﬁderweﬁt ldéal disSolqtiSn pfiot to
deposition of Table; Head se?iments apd'this>subéequen§1y
caused collapse (Collins and Smith, 1975, Lane, 1984).
Flsewhere - on the Great Northern Peninsula,’the rocKs in

L

this part of the section are composed of ingerbedded

pervasive A and pervasive B dolostones. Collapse at the
4 : @

mine appears to have resulted from selective disSoiutiqn of
limestone interbeds during, or imnstead of, pervasive é
dolomitization. _ThiS‘can be concluded because the pervasive
A dolostone bedg, which are referred' to as “dark grey
dolomites'} (T. Lane, pers. comm., ;983), are presefvéd iq
the mine. . .
~After collapse, sediment filled ‘'in ‘the depression,
and saddle dolomite precipiéated out as a cement for the
breccias apd into fractures which extended into the country
tock. The precipitation must have been exceedingly rﬁpid‘
because  saddle dolomite can account for up. to aboup.sixty
percent of the volume of the rockbin true spar breccias and
it seems: unlikély that‘an unstable mass such as_this could
have exisééd very long without cementatioﬁ.
Saddle dolomite: also replaces pottipns. of the
surrounding host rocks]—{ESpeciallf the4 intermottlesg'of

pervasive . B ‘dolostone). This }eplacement is partially

responsible for pseudobreccia development (refer to plate
' Y
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3.8¢c) and for patches of saddle dolomite within pervasive B

dolostones (refer to plate 3.8d). Replacement ;ppears to
have béen caused by sharp fronts that passed through the
dolostodnes in a similar fashion to how pervasivec.n
‘dolostopes formed (figure 4.9).{15 fadt, it is iikely.that_.
the fluids responsible for replacement, originatéd from the
same fractures thét were the source of perva;ive B fluids .
énd relatively speaking,. almost at the same time (Eigure
A\ .
4.9). These were very aggressive fluids and appear to have
been capable of replacing dolomite that had Sust formed;
Althougﬁy replacement is vefy.ciear iﬁ outcrop, it is
difficult to resolve in thin section because of
. : o
petrogréphic-'similarities between ;hé‘dissolgtiqn front and
.the' normal intefcrystalliﬁe contacts kplate 4,7f). FEarly
phases of ' the ‘replacement ‘dolomite qommonly h;ve Siﬁilar'
optical and luminescent properties to the pre-existing
dolomite’ anﬁ-é?ow syntaxially around it (plate 4,7g). Later
phases of saddle ,dolomiie_ are more ferroan (less

luminescent) and dccasionally fill fine fractures which cut

across the early doigﬁftev(ﬁigure 4.10).

Sphaleriie minera&ization is complex at Newfoundland
: R \-’. ~ .

Zinc Mines and Lane (1934) has identified as meny as four
stages .of precipitatién which he distinguishés from one
anothgf on tﬁe basis of colour diffa;ences. In this_study,
sphalefi£¢ minéralization was inveétigpted only in a
cursory fashion, but most appears to have predated or

accompanied - early pﬁases of saddle dolomite preciﬁitation




FIGURE 4.10:

Replacement of intermottle dolomite by saddle
dolomite in pervasive B dolostones. The
replacement is first preceded by dissolution
(A) which at least partially follows the .
crystal outlines of the dolomite crystals.
After dissolution, dolomite began to _
precipitate out in optical continuity with the
pre~-existing crystals. Usually the
luminescence character of the new dolomite is
the same as the pre-existing dolomite, and the
dissolution front becomes very difficult to
recognize in thin section (B). Later
generations. of saddle dolomite (in this
example of a different luminescence
character), £ill in the remaining pore space
of the rock (C). ] . :
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(plate 4.7h;f This 'is in agreement with the conclusions of
Lane (1984). N = —  .

. The timing ané theﬁdﬁrétion of pervasive B and saddle
dolomitization in the Catoche Formation can be estimated by

>

examining the overlying Table Head Group. The lowest pért
of these limestones are pervasively dolomitized in the mine
area, at TRiver of Ponds (refer to figire 1.1) and at Port’
au Choix. If pervasive B dolomitization began around the
time éf éolution collapse of the Catoche Formation, it can
be -speculated that the d010mitizationfs) occurred over the
interval represeﬁt;d from the deposition.gf the Aguathuna
Fo;mation (valhallan; Stouge, 1980) té at least earliest
Middle Ordovician fime (White Rock;- Stouge, i980). ‘

It is 1likely  that thé scattered occurrences found
within the Boat Ha;bour Formatidﬁ also formed ét the same
time. This 1is suggested by'saddle dolomite fracturés‘which_
extend from ‘the Boat Harbour intp the-Carohe at Port au

Chéix, Back Arm and Cape Norman.‘ B
The association _of pervasive B dolostone with some
taults suggesEs thaﬁ dolomi;ization broceded up until at
léast the onset of regional tectonism.iklong the west coast
of . Newfeundland, faulting ‘is thought to hﬁve begqun during
the Middle Ordovician (H. .wiiggams,wxpers; cémm.,'l§84).
Other periods of faulting occufred'dﬁring the Devonian aﬁd'
the Carbonifereous (H. ﬁilliams, péré.' comm,, 1984).
Intuitively, ;ne Qould expecg that‘tﬁe phases of‘fault{pg

Eassociatéd with this dolomitization are early (Middle

Ordovician) as pervasive B dolostones are confined to the
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lowerv Tab;e Head Group andxhave not yet been recognized in
stratigraphically youhger rocks. This is coincident with
early phases of the Taconic Orogeny. This conclusion
héwever, must remain tentati;é until further structural and
ibiostratigraphic data is collected, |

.Possible overprinting of the Watts Bight Formation
and crosscutting by saddle dolomite-filled fractures must
also have occurred during this time, This ;0“C1USiOJ»iS'
however, less conclusive because there is little relating
Watts Bight eﬁamples . to tﬁose_of stgatigrabhicaily higher
formations (for éxample, saddle .dolom}te veins crossidg
from the Wagfs Bight into the Boat Harbour). .There is also
the. question of the nature of the prefexisting dolostone

overprinted by late dolomitization. As will be'demonst;ated
‘ shortly, the éccﬁrrences of cavity— filling dolostone in
these Focks st;ohgly suggesfs that they formed from an
earlier évent,. probably before the deposition of the
overl&ing ‘ Bbat Harbour Formatiqn. Thé fact that : they

preserve cryptalgal structures suggests'that they may have

. 5 ‘
been very similar to pervasive A dolostones prior to

overprinting.

3

4.9 CAVITY - FILLING DOLOSTONE

PETﬁOGﬁAPHY AND CATHODOLUMINESCENCE:

“

The ‘sediment that fills cavities within pre-existing
dolostone is finely c}ysfalline (10 to 100 micrometres) and
is composed of a wide. variety of minerals including

anhedral dolomite, feldspar, micas, phosphate gra'ins
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(collophane), 1insoluble organics and clays (plate 4.8a),
Dolomite is by far the most abuhdant mineral but the other
accessory minera;s 'caq qqsount for up to 15 percent by
volume, of the fill. Laminations are very prominent and as

-observed Vin outg?ﬁﬁT\eommonly drape over i;regularities af
the base of the cavity (plate 4.8a,b).

' Délomite crystals luminesce weakly from orange to red
(plaée 4.8c) and zonation is seldom developed. Samples from
"different parts of the study area differ from one anothér
both in their luﬁfhe§cence .(iﬁ é&lour and in intensity),
and in the abundance of the accessory minerals;~0harti and
feldépar is gspecially‘abqndant in the 6avicies beneath the
pebble bed on the Port au Port Periinsula whereas micas,
phosphates aéd guartz is ﬁommon in many—of the examplés
from the Watts Bight Formation on the Great Northern
Peninsula. The 1lone example from the Catoche Formation at
Smelt‘ Canyon contains abundant _ clays and -insoluble

méterial, but little quartz or teldspa:.

Cements are diéerée and ‘include a second phase of
dolomite .or chert (Great Northern Peninsula) and clays? or
calcite (Smelt Cany;n). The sediment filled cavities

beneath the pebble ‘bed on the Port au Port Peninsula are

extremely friable and are only weakly cemented byydo}omite.

&




PLATE 4.8:

A

PETROGRAPHY AND-CATHODOLUMINESCENCE
PHOTOMICROGRAPHS OF CAVITY-FILLING DOLOSTONE.

A) Cavity- f1111ng olostone (Cav) drapping over
a depression in a pervasive B, dolostone; Boat
Harbour Formation,|Isthmus Bay. Laminations
(arrow) are prominent in this example. Plane
polarlzed light. -

B) Laminations within cav1ty—f1111ng ‘dolostone;
Watts Bight Formation, New Ferolle. The
dolostone is characterized by anhedral to
euhedral dolomite crystals and a variety of
accessory mineral$ including; quartz, feldspar,
collophane, organics and clays. Plane polarized
light.

A
C) Cavity-filling dolostone (Cav) is usually
uniformly luminescent and is seldom zoned as in
this example; Catoche Formation, Smelt Canyon.
Sediment has: rained down into the cavity after a
phase of pore rimming ferroan (non-luminescent)
dolomite growth.. The dolomite nucleated along
the margin of the cavity atop of pre-existing
pervasive dolostone crystals. ' .
Cathodoluminescence. ;

D). Cavity-filling dolostone (Cav) penetrating
into the 1ntercrystalline pore space of

pre- exlstlng rhombs in a pervasive A dolostone.
This is the same thin section depicted by -
cathodoluminescence in C. Plane polarized light.

~







PARAGENESIS: .

Paragenetically, it is clear that cavity—fiiling

postdates pervasive A ‘dolomitization as thé sediment often

penetrates into the rock by way of the intercrystalline

boundaries of the do}omite rhombs (plate 4.8d). In the

example ~ from the Catoche Formation at Smelt Canyoﬁ.

sediment filling postdates a period of pore lining ferroan
- ]

dolomite - growth (plate 4.8c). This doloﬁite nucleated

-around pre-existing dolomite crystals at the margin of the

cavity and grew inward prior to, and probably immediately

after, sediment spilled into the cavity.

Cavity-filling dolostone also cross-cuts . algal
Structures in pervasive R délostones of the Watts Bight'
Formation (i;dicating. that it postdates initial
dolomitization), but is . never observed chtting veins of
- saddle dolomite (chapter three),. This,’plus the féct that
saddle dolomite often fills void space at near the top Qf 
geopetal cavities, suggests that cavity-filling predates’
saddle dolomite. This is consistent with the ;ngestion

made ear%ier ~in  this chapter that pervasive B and saddle

dolomitization may have 6berprinted a precursor mottled

dolostone,

Though composed predomipantly ofbfinely crysFalHine
dolonite _rather than fine gréined caleite, the hébit‘gf
these cavities and- the 3characteristics of the intér;;i
sediment is mot unlike the “vadose silt™ described by

Dunham (1969) and Bathurst (1975). This sediment ls“tﬂbhght
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to result f_rom "winnowi_ng" or - erosion of Hhost rock, by
moving ground water in the vadose zone. Dififerenc_es in host_

rock composition would bé" reflected<_in the make up 6f the

sediment, and this may explain the petrographic variations .

observed in cavity—-filling dolostone.

. ) L

All the known occurreﬁces of this dolost;one seem to . -

A . .be loc\qtized_ 'beneathr documented (or - suspected) exposure'
3horizons. ‘F_or, example., cavitry—‘filling ddlos,;one is abus.d\;nt
immediately beneath the pebble bed on‘the_Port au Pér‘t‘-.-'

- Pen1nsule, but ho where else on ‘ the Port au ‘P'ort' ,
Penn1su1a.-'., Knlght (1977b) suspects a d1sconform1ty at the i
- ' Waéts Bight - Boat Harbour contact on the Great Nc;rthern L
N ' . : N

Penfnsula and - it ‘is .beneath this horizon that cavity-

- filling dolostone is found. Knight (pers. comm.) has-also
recognized a disconformity .sepe'rvating the Catoche Formation

gtorh the Aguathuna Formation on hparts of the Great Northern

Peninsula. Unfortunately, the c'ontact is .not exposed at
Smelt Canyon or on the Port au. Port Peninsula and it is not

- | 'possible at the present time to assess the 51gn1f1cance of
N . »

Knight's observation for the southern portlon of the study.

area, ~ If an exbosure horizon does exist - in this
_stratigraphic position, then the . lone exav‘nple of
- ’ cavity-filling 'dolostone found in the upp-er' part of the

Catoche Formation at Smelt Canyon may be associated with
it. oOtherwise,- it may be related to the erosional

unconformity = at the. St. George - Table Head contact, an

1

‘estimated 50 metres ahove its position.

- ’
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on '-'the basis -of strat igraphic bosition and
petrogr.aphic character of the sedimént, 1t seems like}y
'th’af cavity-filling dolostone is’ directly related f.o
subaeri;i exposure. '

-

4.10 DOLOMITE AND DOLOSTONE IN OTHER ROCKS:

J A
As part of this study, dolomite and dolostone in
-rocks of similar age to the St. George outcrdpi'ng along the

‘coastal regiq’ﬁ of westg_g\n Newfoundland were fe)_(amined in a e
éu"tsory fashion. It was (t\el\t\that by -examin'ing these rocks,
the different varietj’e_s,z}e/ctognized within the St George
Group would be better placed in thgir stra.tAigraphic context
and other additional ~v»ari‘eties not present within the St.
I George might'" be ‘identified. | |

Only three varieties of dolomite or dolostone found
withi>n the St. George Group are f:‘ound in other rocks. As
discussed earlier, - pervasive B dolostone. is locally-:
developed within pa‘rt':slof t.he_lower”'rable Head Group at the_
Ne‘wfoundland Zinc Mi.nes, Fiiver of Ponds and at Port au
" Choix. 'fhese rocks are petrograéhical/ly identical to the
equivalents in the St. .Geor'ge "Group.

bélolaminites are a dominant c‘omponent of the Upper
Cambrian Petit AJ\arhdin Formation and mottle dol_omité is a
spars: compo-nent of the Upper Cla‘mb‘rian and lower Table__Head/ ’

Group. These varieties do not differ significantly from

those of the St. George Group.




179

Mottle dolomite is also fotind within certain breccia

clasts 1in the .Migdle Cambrian to Middle Ordoviciaﬁ .Cow Head »
Group near Cow Head (figuré 1.1). These rocks are
int;:rpretpd as ' slope debris shed part i'al.ly from the
adjacent stable shelf (the site of St. George deposifion;
Ja@eé gnd Stevens,. 1982). The mottleS'aré strung out, are
wholly cohfined to the <clasts and do an'cfoss into thé )
,matéix or in;o other,claéts. Preliminary cohodont analygis

, .0f the dolomite mottled clasts ‘ﬁave yielded only ‘sparse : .

data which is 'insufficient to determine their ages (S.

Pohler, -pers. comm., 1984). Should these clasts prove to be
derived from St. George rocks, it’ would"reaffirm that
initial mottle dolomitization and compaction was early, as

it must have preceded their transport into the slope area.

’

The TaBle Head Group at'Tasle Point and the Cow Head

. Group at 'Tﬁe Arches"™ (35, kilometres northeast of Table

Point} ‘are punctuated by linearly -trending, dolomitized

' bodies.. The dark gﬁgy dolostone éppeirs to be associatedl

with = faults " at 'Ifabie Point as limestones on either side of

™ " the t;od'ieé dip at dif'ferent angles and the trends of the
| ' dol_os,;tone' (032 - ‘2120) are roughly parailel to that of
. regio£a1 faults.’ Thé Cow Head occurrence is somewhat more
- speculative becau;e with the exception of the dolostone,
the rocks in the' immedi;te area are nét eprsed. Thg

linear trend, however, also paralleils the. regional fault

pattern, and once again suggests an aséociation yith

tectonics. .




180

- In'_thinﬂusection, ‘the dolomite is characterized by

anheéral or sutured érystal ouélineé, strained extinction
. and uhifdrm lﬁminescencé (dull red to purple). It is medium
éryé&alliée (200 to 500 micrometres), transected_ by'
numerous stylolites of all orientations aSE . has" béen
affected by a late pefiod of dissolutign and ferroan
, .
calcite ‘cementation. This dolomite, although supérficia11y~
resembling; saddle dolomite or the'i;terareas 6f pervasive B
dolostone {eg. strained .- éxtihction), has » different
lﬁminescent propertieé and has undergone a different -
paragenetic history. After cﬁrsory examination, it seems
likely that the Cow Head and Table Head fault related
. . /

dolostones are. unique to- these rocks and may be due to

later periods of féhlting' than those associated with

>

pervasive R dolostones in Lower Ordovician strata. Further
Study will reveal if this*supbosition is correct or hot.

In . the vicinity oé Englee, Newfoundland (figure 1:1),
metamorphosed shales and limestones of the allochthbnous
Cambrian to Middle -Ordsvician Curling Group contain
numer@us lehticulér beds and éiseminated Qlo;ks of yel%ow

weathering dolostone, These rocks are composed of

1

brecciated bright Tred lumingséent dolomite, annealed by a -
non-luminescent dolomite (frontispiece). This is unlike any
other variety in the st. Gedrge and much of it, especially
the brecciétion and annealin§ process appears to be related

to metamorphism.
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4.11 DOLOMITIZATION SYNOPSIS: . S
y '

Four different .generatidns of dolonite make. up the

0

seven field varieties recognized in the St. George Group.
_pololaminites are ’syngehetic and . fofmed auring

deposition in tidal flat environments (figure 4.11). They

are -composed of fiﬁely crystalline, uhifdrmly luminesceht

anhedral dolomite. Coﬁtinued growth after burial is

]

suggested by ‘coarser, better =zoned. crystals in some

dololaminites.

Matrix dolomite in fine grained limestones and mottle

dolomite. are the result of long _lived (eariy— to late- .

diagenetic:) events. Pervasive ' A dolostones are .coincident
with earlier phases of -these: varieties (figure \3.11).

Petrographic and luminestence character of the ddlomite'in

these, variefieé is diverse and -appears to reflect local

water chemistry.

Matrix dolomite 1in coarse grained 1imestones,‘sadd1e

© a

dolomite and the intermottle dolomite 'in pervasive B

dolostones are late-diagenetic events. - They are
characterized® by coarsely: ‘crystalline, = uniformly
luminescent, and 'strained dolomite érystals. Pervasive B

dolostones overprint - pre-existing ' dolomite mottled

»
e

limestones, -or " in the. Watts Bight

¢ <

overprint a pre-existing (pervasive A ?) dolostone.. This

event(s) is related to tectonics, perhaps coincident with-

early phases of the Taconic Orogeny. ' : -

Formation, may .instead.

e
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. FIGURE 4J1: Schematic represéntation, arranged in

) chronological order (A to J), illustrating
the paragenetic relationships between the
different varieties of dolomite and dolostone
recognized in the St. George Group. Refer to
text for.details. : :

DOLOLAMINITES

MOTTLE DOLOMITE

“PERVASIVE A DOLOSTONE

CAVITY-FILLING DOLOSTONE

++3 PERVASIVE B DOLOSTONE

FRACTURES (FILLED BY SADDLE
DOLOMITE) - . |

-~
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N ; . ) : :
\\\~ ' : Cavity-filling ' dolostone  fills cavities Crgaéed
duriné ’periods of subaerjal.'éxpo$Ure (figure 4.11). The °
sediment is qhaf&éterized; by finely crystalline, anhedral
B : ' énd‘ uni¥ormly lumnescent .d010mite rhombs  and a_‘wide.
spegtrdm of accessory minerals (feldspars, quartz, cIays,

ES

phosphates and micas).‘ ‘ ' | L S .-':. .




CHAPTER FIVE
o
CARBON AND OXYGEN STABLFE 1S0TOPE AND TRACF

ELEMENT GEOCHEMI&TRY - .

© 5.1 INTRODUCTION: ' L,

. Caqun aﬁé”-okygen stable .iSOtOpé:‘geoéhémiStr; has -
beéﬁ‘ eﬁﬁlofedﬂsuccéssfullg in pumeroué stﬁdieé‘desling wipb\
"'iiméﬁtbnés ‘in’ an attempt to suppleﬁeng or brovide d;ta.
fegérdingf Jdiageneﬁig * (Dickson’ iand Coleman, 1§80);
palaéogeothéfmomefry' (Bottinga ané Javoy; df9733 and in
asseséﬁng " palaecenvironments ”(ﬁiién et ‘31;,-}973): Thése
 is§to§és . are" eddally "uéeful' in the .study of fluids
fincluding‘ hydrbcérbéhs 'kspéhl, 1979), marine ana frésh
wéters (C;éig, 1961, Chase and Perry, 1972) and ground and
'*po?e.»wéter; ;(beings'.et:’a}.,w 1974)' making them_vaiuaﬁle‘
tfééeré of ,“low :tehpet?turew fluid-rock interactions
fLongstaff,’I983). . |
In .tﬁis study, carbon and oxyéen» st@bie isétﬁpe
geochemistr¥~ is used ;rimarily’as a means of pharattérizing
‘the differentz-va}ietigé of dolomite and.doloséone and to

determine whether the cLassification séheme deGiSed in the

field and through petrographic analysis} is suppor:ed by
chemical data. Isotopic ‘analysis may .also resolve the
ques;ién as to whether the vast quantity of dolomite within

the St. George 'Group is. the result of one or jmany,

different events.
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5.2 ANALYTICAL PROCEDURE: . , '

The samples: chosen for iSOtpbic Aanalysis are
considered the most :représentative of the seven varieties
of -dolomiég and- dolostone. They - wére_ selected from all

formations of the St. George Group an§ from all areas where

_seétions were studied.
The rocks were washed with distilled water and
methanol p:ﬁor t6~'diasggrégation with an ultrasonic probe

'to reduce possible contamination by foreign or loose

material., As individual crystals could not be isolated, all

data constitute bulk mineral analyses. Lo

-

Powdered aggregates were taken'frow both the mott%ps‘

: : - . &
and the interareas between mottles for samples of dolomite

- mottled _11me$tones and  the pervasive dolostones to

determine whether the mottles differ geochemically and/or
isotopically . from ‘the rest of the host’fockJ Interareas of

dolomite-mottled 1limestones, composed of lime mudstone or

wackestone, are ‘used 'to estimate the Lower Ordovician

mérine'isotopic signatﬁre.‘

In total,'SUfpowdered'mineral aggregates'froﬁ'36 rock

:samples_ were forwarded to Teledyne Isotopes (New Jersey)

for isotopic analysis. Three hundred to 500 milligram

samples were reacted with 100 peréent phosphofic acid at

50 - CO. The liberated CO3 —gas was passed directly to a

mass spectrometer to determine the isotopic ratios of

carbon and oxygen. All reactions were run to completion so

——

that aﬁy powder present"in the sample was completely

]
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dissolved. The completlon\>of» the reaction was . thecked

visually and by therhocoﬁplé gauge.

?Lf These data are expressed by way of the delta notation

-

C- (F%uré,51977)}

13 : I3 ‘iz . 13 12 -'3 ‘ ’
C(dolo) (( ¢/ C)dolo-{ €/ Clref) x 10 (5.1)

™ . (lag[lzc)ref

o —

18 16" 18 16 3 :
(( 0o/ O)dolo-( 0O/ Olref) x }0 (5.2)
(18 '

180(dolo)

~ o/leoiref

These ére "relative‘ diifefence functions ,wheréby the

isotopic composition ;f a - sample (dolo) is compared to-a .

'standard reference (ref). In this study, éhe reference used
s "

to report.variatibhs in both the oxygen and carbon isotopic

ratios. is the PDB standard; a belemnite; (Belemnitgila

americana) from the Cretaceous Peedee Formation of southern
Carqiina.(Faure,.1977).' . | N .

Dpplicaie powdered samples (1.0 %? 1.5 grams) were

| élaceé n 25 ml of dilute HC1 solutio‘ iapproximaﬁei& 8%

volume/volgme;.\M. Conigli;, pers,‘caéz?j’l984) until most

of the carbonate component was'dis;olved: aﬁ averag;{ofAQQ

minutes. The leachate was filtered using pre-weighed filter

s . -

paper qndﬂ brought to 50 ml. of solution by washing in
distilled water, The solutions were analysed with an atomic
absorption spectrophotometer for ~Sr2*t concentration by G.

Andrews of Memorial University.
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5.3 RESULTS: )
#13c  for all 50 samples™ analysed in this study is

A

clustered between -O.SO’Snd -4.01 o/00 (table,' 5.1, figure

. 5:1). Values ~0[ 5180 are much more variable and range from-

-4,74 to -12.73 o/oo (table .5.1, figure 5.2). sSr2t
concentration ranges from a minimum of 40 to a maximum of
. : S ,

320 ppm. A complete listing of 613C>, qlao and sr2* for

&> : - . .
the 50° samples as well as their stratigraphic_  and

geographic posi"tions. are contained in appendix B.

-- <
.

t

5.4 BACKGROUND: ' .

The  stable isotope g‘eocl’iemistry of dolomite is poorly
uri_derstood. bolomite has vet to - be synthesized in
expefiments that approximate near su‘rfac'e conditions, and

therefore, “fundamental relationships neceséary to interpfet

“these "data, (such as the relationship between tembetature :

and oxygen isotope fractionation that exist between

dolomite and water), can only.-be inferred from successful

"hydrothermal syntheses (Land, 1980, Arthur et -al., 19813),

Several different relationships have been determined for

the system dolomite - water:

1000 1n, = 3.2 x 1067-2- 2,00 (5.3)
(Northrup and Clayton, 1965)

1000 1n, = 3.34 x 1067-2_ 3 34 (5.4)
(0'Neil ahd Epstein, 1966)

1000 1n, = 3.23 x 106712~ 3,29 (5.5)
(Sheppard}hd Schwarcz, 1970)

1000 1n® = 2.78 x 106T—2+ 0.11 (5.6) _
(Fritz and Smith, 1970)
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(L)- denotes

limestone samples

»

DOLOMITE 7/ DOLOSTONE 5 °C (%)

' ' . RANGE AVG.] RANGE AVG.| !

DOLOLAMINITES - -050 to-4.0t {-1.99]|-478 to-794 |-6.31 |

MATRIX DOLOMITE =162 10-185 | -174| -903 10-972 |-938] ,

DOLOMITE MOTTLED MOTTLES -1.27 t0-199 | -1.67| -5.47t0-10.34 |-7.77 | '
LIMESTONES INTERMOTTLES(L)| - 1.56 t0o-230 | -1.89 | -7.95 t0-0.31 [-8.95
MOTTLES -1.18 to-205]-1.62 | 474 to-10.58]-7.36
PERWASIVE pERVAS'VE.A INTERMOTTLES 1;-”9 to-1.82 | -1.54 -5.36:0-1?.16 -8.34
DOLOSTONES .. MOTTLES” [-0.7810-1.3Y [-1.07] -8.4710-9.38]-8.93
PERVASIVE B INTERMOTTLES |-0.62 to-1.66 [-1.30 | -8.18 to-12.73|-1089
CAVITY-FILLING DOLOSTONE -0.6l to-1.78 |[-1.41 | -6.4510-893 [-7.28
SADDLE DOLOMITE -0.89 10 -1.57 | -1.35 | -9.04 to-1047 |-9.61

TABLE S.1: Summary of carbon and oxygen isotopic data for St. George limestones (L) and

dolostones.

A complete listing is given in appendix B.

[ g
b4
X
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' | 8\'3(:(%0) vs PD
4 -3 2 | o)
DOLOLAMINITES ¢ ° mo o - o
MATRIX DOLOMITE ° \ 00
DOLOMITE ~ ~ MOTTLES . ooes 00
 LINESTONES ALLLRE @ e
PERVASIVE 'A'  MOTTLES o cap @ -
»| poLosTonE  ATER | o 08
PERVASIVE 'B'~  MOTTLES o0 o
DOLOSTONE  pormigs. . we e
CAVITY-FILLING DOLOSTONE| ' eom o
SADDLE DOLOMITE ' we o
1 (L) - denotes ﬁmést;ne somples e -somples from the Great Northern Peninsula
o-samples from the Port ou Port orea

- FIGURE 5.1: Schematic representation of carbon stable isotope
data for the seven field varieties of dolomite
and dolostone observed within the tt. George
Group.

\
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580 (%o) VS PDR

42 H0 8 € -4
- DOLOLAMINITES | o eem o0 |}
MATRIX DOLOMITE o o o

DOLOMITE MOTTLES | e oce o oo
MOT TLED e —
LIMESTONES MOTTLES (L) b ®»o 00
PERVASIVE ‘A’  MOTTLES . ® o  eo
INTER-
DOLOSTONE MOTTLES ° ° ©c .e o0 o
PERVASIVE 'B' MOTTLES eee
DOLOSTONE  porries |* ®  ® .
|caviTy-miLLNG DoLosTONE | e ocew
SADDLE DOLOMITE o oo

(L) - denotes limestone samples

O samples from the Port ou Port area
e -samples from the Great Northern Peninsulg

FIGURE S, 7

Schematic reoresentation of oxvaen stahle isotope

data for the Yeugn field varieties of dololmite and '
) dolostone found within the St. George Group.




. . 194
‘where (o) is the fréctionation factor between dolomite and
water at a temperatufe (T). Land (1980F has discus;ed the
problems with tﬁis approach and most authors now recognize
the limitations Of“i these relationships. They are
quaiitative at best lfor low temperature “conditions
(Northfup and Clayton, 1966). Plots of these expressions
ma; be found in Arthur et al. (1983) (their figure 4;1).

AsS most dolomite appears to - be the replacement
product of a precursor ‘limestone; there‘ has also beeh
considerable interest in establishing the oxygen isotope
fractionation for ‘ the syétem dolomite - calcite,
Unfortunately, this relationship is just  as poorly
understood. Most expérimental‘results suggest thaﬁ dolomite
should be enriched - in heavy oxygen by +5 to +7 o/oo0
relative to calcite, whereas heavy carbon should be oniy
slightly enriched in the dolomite (Schwarcz, 1966, Sheppard
and Schwarcz, 1970). One study by Degens and Bﬁstein (1964)
suggests ‘that syngenetic doiomite and calcite are
isotopid 11y  similar. Land (1980) has criticized this
conclusijon because some of the co-existing dolomite -
calcite pairs were not cogenetic. For example, some of the
data Degens  and Epstein obtained was based upon HAlocene
lime muds which contained windblown, detrital dolomite.

The sgift in 5180 betweeﬁ “cogenetic” Iimestone and
dolomite that js actually observed in nature is somewhat

less than that predicted by experimentation. Dolomite now
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forming penecontemporaneously w;th calcite in sabkhas (for
example, the Persian Gulf, McKenzie et al.; 1§80), in other
hypérsaline enQironments (Raffin Bay, ‘Texas, Behrens and

-Land, 1972; Coorong,'soutpern Australia, Muir et al., 1980;
"Deep Spring Lake, California, Clayton et al., 1968) and in
aéep water environments (Enewetak Atoll, equatorial Pacific
Ocean, Sa11§r, 1584) are enriched in 180 by only 2 to 4
o/oo0 relative to the ca%cite. This discrepancy between wha£
is predicted by experimentation and what is actually
.
observed has caused much ‘speculation. Recent dolomite
precipitéfes as  a gborlf ordered, metastable mineral
x('?rotodolomite' of Gaines, 1977) and some authors (Fritz
and Smith, .1970, RKatz and Matthews, 1977) have ‘suggested
ﬁhat the protodolomite - water fractionation is less than
that of dolomite - watef. Later, when the protodolomite is
recrystallized to ordered dolomite, the isotopic sigﬁ;éure
\ ‘ '

is simply transferred to the “new" mineral. Land (1980)

argues convincingly against this reasoning and presently, -

the issue is not resolved,

The isotop&c' signature of other dolomites  ,and
dolostones, those not forming pénecontempoganeously with
calcite, would be expected to vary dépending uﬁon when, or
how, they formed during the diagene;ic histoFy of the rock,

.Before these éan be discussed however, the isotopic
signature of the Lowern Orddvician limeétopes must be
established. This gives a staréing, or reference point from

which to recognize trends exhibited by the dolomite.

a
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5.5 LIMESTONE AND THE EARLY OﬁDOVICIAﬁ MARINE SIGNATURE:"
Limestones of ;he St. George Group are characterized
by 613¢ values similar to those observed in Holocene
equivalents (Hudson, 1977). These "normal” values indicate
that sulphate reduct ion (reéultipg in an isotopically light

carbon signature) and organic fermentation (resulting in an

isotopical&x6 heavy carbon 'signature) did not play major

roles during._limestone fbHrmation or diagenesis (Irving et
al., 1977). vgqxll i€ known about carbon stable isotope
geochemistry, hgwever, éhat little more can be said about
these data (Land, 1980).

Ancient 1limestones are |severely depleted in 5180
‘Eomparqd to those of Holocene 'age. To a lesser extent, this
secular trend is also appdrent within the Ordovician Period
(figure 5.3} and at the present ﬁime, thrée explanations

have been proposed to explain this;

1) The concentration of 180 in ocean water
was less in the past (Knauth and Epstein,
1976, Rrand and Veizer, 1981),.

The temperature of ocean water during
carbonate precipitation was higher in the
past resulting in less "heavy" oxygen being
incorperated into the rocks (Perry, 1967, -
Perry and Tan, 1972), .

There has been steady post-depositional
exchange (re-equilibrium) with water of a
lighter isotopic composition (i.e. of a
meteoric origin), or water of a higher
temperature (Degens and Epstein, 1964,
Dickson and Coleman, 1980),

No one explanation has received unanimous support,

[

but more ' and more evidence {8 being jgathered
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favouring the firsé\groposalg that ocean waters have varied
in 180 composition throughcut the Phanerozoic (James and
Choquette, _'1983). The 1last proposal (3) is also an
kimportant considgfation _1n assessing theb isotopic
composition of the limestsne. Most diagenetic reactions
involve meteoric water, and would therefore shift 5180
within a liﬁeq;one toward lighter valﬁes; In siliciclastic'//

!
poor sequences, only a reaction with water of a strong (or/

exclusive) marine - character gduldA shift 18Q tdwaﬂé
s heavier values. For this reason, the 'heéviest' samples are
usuaily the least diagenetically altered (James an&
Choquette; 1983). ‘This _was first suggested by Choquette
(1968).-and also appearg' to be_  true for the limestones
analysed in this study. | The two limestones (both
wackéstones) which cluster at -7.95 and -8.15 6/06 show few
diagenetic <a1tFrations and both .the matrix ahd peloids
‘remain micritic. The sample which deviates the most, a
‘peloidal wackestone close to a'pervasive B dolostone frqnt
on the Great Northern Peninsula, has bqeh .completely
.converted to moderately luminescent microspar suggesting
recrystallization in a freshwatet phreatic environment

T (Gréver.and Read, 1983),. -
The other limestone samples that lie betweeﬁ these
end members are either partially converted to microspar, or
are traversed by many fine fractures 'filled by very

brightly 1luminescent calcite. These diagenetic alterations
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probably account for the depletion in 180 relative to the
heavier limestones.

The unmodified §180 signature of the Lower
Ordovician limestsnes is most likely to be closest to the
two heaviest anal&ses. These values compare favorably to
the uheaviest isotopic data collected on the ;ame r;cks by
Coron (1982) in western Newfoundland and on other Lower
Ordgvician limestones analysed py Veizer and Hoffs-(1976)
from Tasmania ifigure 5.3). They«é;mnot however, compare

favorably with Lower ordovician 1limestones analysed from

Pennsylvania and Sweden by Keith and Webber (1964) or from

Illinois . by Degens and Epstein (19645 (figure 5.3), Perhaps

most significantly, the ~data obtained in this study are
comparable to that .obtained by Ross et al.,‘(1975) for
lowest most Midéle Ordovician mudmounds in Nevada. Their
vstudy‘ is the most detailed of any focusiﬁg upon ofdovician
carbonates., Selective sampiing of. both 'cglcilutités and
marine cements, none of whi;h . appeared to have been
affected by meteoric diagenesis, led Ross and his
co-workers to conclude that the basal Middle Ordovician
limestone signature was approximately —9.Q0 o/oo (relative
to PDB). If one assumes that the heaviest analyses are the

closest to the true marine signature,.this value is closer
»to' -8.00. o/oo. It 1is 1likely that the Lower O;doviclan

signature is similar to this value and therefore, the best

representation of the oxygen isotdpic signature of St.
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George iimegtonés is considered to be approximately -8.00
o/qé (relative tq.PDB).
5.6 DOLOMITES AND_ DOLOSTONES :

The carbon isotopic ratios of the different va;ieties'
of dolomite and dolostone are clustered within a narrow
range and are essentially identical to those of the
limeétOnes. Subsequently, the arguements put forward fbr
the limestones lare equally applicable here, 1In general,
there is a trend towards heavier SIJC with— later
dolomitiz;tion events (figure ' 5.1).  Two dololaminite
analyses are noticably dépleted in §3C‘re1ative‘to the
others. fhié depletion is not strong enough to advocate a
100 percent organic origin to the carbon, but as the
‘dolomite crystals in these samples are zoned, it is
bossible that dolomitization proceeded loﬁg enough to’
incorporate an organic signgture in some of the (outer
most?) zones. Re-equilibration with mig;éting fluids is
unlikely bec;use the dolomite crystals are well zoned (that
is, ‘unaltered) and because dolomite is fairly isotopically
stable with reséect to carbon. (Once established, s 13¢c
does not appear to be. modified by later diagénetic
processes; Fritz, 1967, Land, 1980), |

5180  of the .seven varieties .of doiomite and
dolostone is quite varied, and with the exception of the

four saddle dolomite and two matrix dolomite samples, no
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FIGURE 5.4: Plot of Sr2% concentration (in parts per million) versus 8180 for the
seven varieties of dolomite and dolostone recognized within the St. George
Group. In general, samples with lighter oxygen isotope ratios contain less
strontium than do samples with heavier ratios. Late varieties, such as

saddle dolomite -and pervasive B dolostone are significantly lighter and
contain less strontium than do earlier varieties.
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variety 1is characterized by a distinctive oxygen isotopic

' composition (figure 5.2). Thera; is also . considerable
overlap when the algoﬁ'vadueé are plotted against Sr2+'
concentrations‘ (figupe 5.4), Veizer et al., (1978)'fbnnd
that 'qolostones in a Lower Paleozoic carbopate sequence in
Arctic. Canada could be grouped ‘i;to 3 stréﬁﬁium
poéulations:' low, intermediate and high. Low-Sr2* (66 +/-
45 ppm) dolostones were wusually - the products of a late
phase of dolomitization; intermediate-Sr2* (180 +/- 66
me)délostones were products, ofvpepecontemporangous—early
dolomitization. Celestite 'rich dolostones formed the
high‘—SI"2+ statistical group; In this study, dolngmin&tes
édntain on average ihe mdstistrontium and would be g;ouped
within " the intermediate-sr2* population, whereas saddle
dolomite "and pervasive B_dolostones contain the least and
would Se "grouped Qithin the low-Sr2+ population. These
conclusions ‘are similar' to those determined‘by Veizer ;nd
hig co-workers. . The facz ?hat the intermottle délomitg in
.pervasivg B dolostones and saddlé dolomite contain the
leasﬁ amount oﬁ sr2+ intuitively 1implies -that the
dolomitization fluids;had a low Sr2*/ca?* ratio .. |
The other varietiés of délomiﬁe and dolostone are
characterizeé by sr2* éoncentratiﬁns that Lfall between
these two end members. High-Srz+ dolostones are raré in

the St. George Group. These results strongly suggest that

in the St. Ceorge Group, later phases of dolomitization or
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dolomite growth are characterized by lower concentrations

7’

of st‘rontium._

+ 180  data fall into two diffuse groups on the basis
of where ti’ney were sampled geographically. Str‘atit_.;raphic
position ddes not appear to be a factor. Most samples from
vthe north are depieted in ¢ 180 relative to socuthern

equirvalen'ts and this is unquestiqnably the result of the
additiona\l dolomitiz;'tion events responsible for northern
occ,;urrences of saddlé dolomite and pervasive B dolcostone.w
Saddle .dolomite and pervasive B intermottle do'lomite afe
essentially the same isotopical'ly; both characterized by
very negative 5180 (-8,18 to ~12.73 o/co0). This is within
‘the range of hydrothermal &olomite discussed by Engel et
al., (‘1958) and Mattes and Mountjoy (i980) .(figure 5.5)
andit is probable that 'tﬁe saddle dolomite in veins and
fractures (Coron, 1982) and the intermottle dolomite. in
pervasive ‘n .dolostone owe their origfn to hydrothermal
fIuids, '

It is possible to estimate the precipiﬁatioﬁ

temperature of saddle dolomite and the dolomite between

-~
-~

mottles in pervasive B . dolostones by substituting

§180(dolo) inmto the Eollo'wing expression:

T = 31.9 - 5.55 (&(dolo)=¢(w)) + 0.17(s(dolo)-4(w))?2

(Fritz and Smith, 1970, Dickson and Colieman, 1980).

.
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- " of fossil and modern dolomites.

(From Mattes and Mountjoy, 1980)

.




‘Assuming a 180 for water »of -8.00 - 0/00 ( §(w)),
precipitation temperatures range from .37°C ( 4(dolo)=
-9.,0) to 64°C ( ¢(dolo) = -13.0). These temperatures are
significantly cooler than temperatures' deduced by Radke and
Mathis (1980) (60 to 150°C) but are still within the
hydrothermal range. -

In chapter four, it was. demonstrated * that saddle
"dolomite were the latest stage dolomit;e-s, often nucleated

‘

on, and 1intruded into the intercrystalline pore space

between pre-existing dolomite ciystals (refer to plates

4.5c). *The majority of the northern is‘otgpic' anaiyses mus t
therefore be regarded as *masked” 01; 'vcontaminated' by a
later hydrothermal- related overprint., Interpretation of
the isotopic character of the remaining varieties of
dolomite and dolostong is bestb made on samples from the
south,
Diagenetic overprinting alsc explains some of the

5180 variations within seperate dolomite types, bdth in
the ~north, and in the south. For example, dololaminites,
the deposits of ‘hypers_aline gidal- flat environments
(discussed _in chapters two and' three), should be enri;:hed
relative to limestones by 2 to 4 o/oo, pr.c>\}iding
fr;ctionation during Farly Ordovician time was similar to
what \is observed‘ at present (Land, 1980). The oxygen
isotopic = signature of St. George limestones is

approximately -8.00 o/0o0 (PDB) and therefore, 6180 for
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the dololaminites should fall within the range -4.00 to
_6;00. o/oo. All of the d“ololamini'tes are shifted toward a
_more positive 518,0 compared to St. George limestones, but
.only four of-the a'-nalyses (all from the south) fall within
the predicted 5180 field. These dololaminites are
composed of unifoirml.y 1uminescent,\very finely crystalline
dolomite crystals. The dololaminites that do not fall
within the predicted field .have been affected by later
diagenesis. Some, those that deviate most stronqgly, are
composed of more coarsely crystalline 'zghed dolomite
crystals (to 100 microme_tres),. whefeas others, those that
are close to the pre‘dic.ted field, contain a second phase of
dolomite as a cement (figure 5.6). These samples do not
fall withinA the predicted dololaminite range 'becausé only a
portion o‘f the dolomite crystals, the éores, are the
product of a hypersaline environment. ‘The rest of the
dolom_i~te crystals are later‘évergrowths. As a general t:ule,
the : larger the dolomite crystals, the larger the diagenetic
.'overprint, "and suhsequently, the\‘stronger the depletion in

$'% (Fritz and Jackson, 1971, Land et al, 1975, Morrow,
1982a), This also explains the L\t‘rend observed in Sr2+
concentration versus 18¢ (figure S.4). Strontium s
highést ‘in those dololaminites showing the 1east-diaqenet ic
growth, and lowest in those dololaminites showing the most
diagenetic growth. As concluded __earlier, later stages of

dolomite growth, even if restricted to dololaminites, are

Characterized by lower concentrations ‘of Sr2*., This

.
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con sion is equally applicable to all varieties of
dolomite and dolost;ne (figure 5.4),

The isotopic relationsﬁip hetween mottle dolomite and
host limestone is inconclusive as there is no consistent
isotopic ' fractionation between them. In some samples,
dolomite is enriched in 5180 relative to the host
limestone, whereas in others, it is depletsd (figure 5.7).
Thjs is partially exblained by the fact that the mottle
"dolomite varies petrographically from saméle to sample.
Some mottles are composed of zoned crystals whereas others
are composedi of non-zoned crystﬁls, but neither the
uniférmly "luminescent, nor the zoned crystals  are
characterized by a unique .ﬁractionafion compared to the
limestones. For examble, two different samples, both
composed of petrographically identic;l Holomite may show
éompletely opposite trends (refer to figure 5.7). The
nature of the mottles alsé does not seem to be a fabtor.
Those mottles . that anén characterized by a strong
ichnofossil éompdnent are just as variable as those mottles
-that ‘are characterized by a strong stylolite component:
Given the prolonged growth period of this variety and the
'iikely hood of local aquifers, ft is not surprising that
mottle dolomite ‘is /not'charagterized by a . unique 5180 (or
petrographic) signature. |

Similar variability is also observed for the mottles
within southern examples of pervasive A dsloétone. In these

rocks, the mottles .and intermottles have similar isotopic

]
3

I




FIGURE 5.7:

Fractionation trends for dolomite - calcite
pairs in dolomite mottled limestones from the
southern portion (copen symbols) and the
northern portion (solid symbols) of the study
area. Plots that are joined are analyses from

_ the same samples. There is no unique \

fractionation between dolomite and calcite
pairs. The two limestone analyses from the
south that fall within the “"unaltered
limestone field" are characterized by
dolomites of very different character even
though the dolomite in both of them appear

‘ petrographically identical. Dolomite -

FIGURE 5.8:

calcite pairs from the northern portion of
the study area are all shifted toward more
negative oxygen values because of
hydrothermal alterations. See text for
discussion. All data is compared to the PDB
8tandard.

Fractionation trends between dolomite mottles
and host rock for neighbouring dolomite
mottled limestones and pervasive A dolostones.
Symbols are as described in figure 5.7. The
southern samples are all clustered within a
narrow range suggesting that mottle dolomite
and pervasive A dolostones all formed together
from fluids of the same isotogic composition.
The northern samples are much more widespread,
most likely a result of hydrothermal
alteration.
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compositions (appendix B, figure‘S.B) suggest ing cogenetic
origin. The 56180 values of pervasive A dolostone are also
véty Biﬁilar‘ to the s180 Qalues' of mqtt}e dolomite
thained: frqm neighbouriné limestonesr'(figure 5.8) which
further suggests that early mottle dolomite and pervasive A
dolostone 'originated from fluids of the same isotopic
character and brobably at the same time. These éoncldsions
agree with those made earlier duriﬁg petrographic and
cathodoluminescence analysis,

Any interpretation of the bsotgpic character of
northern examples of pervasive A dolostone and the mottles
within pervasive B dolostone is more speculative because of
the later hydrothermal dolomitization overprint. It seems
probable on the basis of paragenetic relationships and
petrography that the§ also .. had a similar isotopic
composition ~ to  the nearhy mottle dolomite b?&?r to
ﬁydrothermal overprinting. ) *

Thé two analyseé of matrix dolomite were carried out
on .packstones from the southern portion of the study area
that were matrix dolomite-rich (greater than 50 percent
dolomite) because of difficulties in obtaining sfzable

quantities ffom matrix dolomite-poor (less than 50 percent)

limestones. As discussed in chapters three and four, coarse

grained limestones contain a different matrix dolomite than
do fine grained 1imestones and therefore, these two
analyses are not representative of all examples of matrix

dolomite within St. George limestones. One of the samples

S
o
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analysed containéd gaseQus hydrocarbons (R. Ouick, pers,
comm:, 1984), but 'norm&i' 313C values for- both:of the
analyses indicate that the organics did not play a
significant role in this matrix dolomitization.

The two samples are among the lightest with respect
to s 180 of any analysisk in the south, and furtﬁer
implies  that they are the ' result of a diffarént
dolomitization event than those responsible for the other
vapietieg. The analyses are simi}ar isotopically to saddle
dolomite and the intermottle . dolomite within pervasive R
dolostones and fall within the fields delineated by these
fwo varieties in a plot of Sr2+'concentration versus .

5180 {figure 5.4). Qn thq basis of these observations, it -
is 1likely that the matrix dolomite in packstones and
grainstones which crop out in the southern portion of the
sﬁudy area 1is a hydrothéfmal product, bﬁt not necessarily
the same one that developed the pervasive B dolostones.

Two cavity-filling dolostanes _were analysed - from
beneath the pebble bed on the Port au Port Peninsula, two
samples were.analyséd from the Watts B?ght qumation on thé
Great Northern Peninsula and one sample was analyzed from
the Catoche Fdrmation at Smelt . Canyon. Deépite_ this
strétigraphic and geographic distribution, &1l bqt one of

these analyses, (one from the Great Northern Peninsula),

plot within a narrow range of §180. These are similar

values to those reborted by Badiozamani (1973) for
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. R
" dolostones in Wisconsin which he attributed to mixed water
dolomitization, Evidence . has been given 1in previous
chapters which suggests that this dolostone.is directly

related to subaerial exposure and though not entirely

conclusive, 180 values also favors the supposition. that

meteoric waters contribugza to the dolomitizing fluids.




CHAPTER SIX

X-RAY DIFFRACTION

6.1 INTRODUCTION AND LABORATORY METHODS:
X-ray diffraction has been employed successfully for
many purposes tncluding ‘the determination of mineral

crystallographic parameters, mineral .identification and

mineral chemistry. The principlés' Sehind this form of
analysis are discussed in Cullity (1956).

X-ray diffraction was empLoYed in this study for‘two
_purposés: 1) to -character{ze'_the' sédqu‘different field
- varieties of ddlomiée and'doiostoqe-ahd 2) to identify the .
clay minerals that may be associ;ted with them. This study
is primgriiyv concerﬁed with1tﬁe iaen;ificaﬁion of the éiay
and éécessory " mimerals tather tﬁan " their absolute

abundances ,and therefore, quantitative measurements were
l . « i
. b} :
not made on any of the analyses,
.Representative samples, a minimum of two from each

- dolomite or dolostone variety, were crushed and ground with

mortar and pestie. The less than 50 micrometre fractions

were mixed with a small qﬁantity of ground sodium chloride
or fluorite ;(as internal st&ndards) and were examined by
powder x-ray. diffraction. For thei two varieties of
pervasive dolostone, seperate analyses wére run on mottle
-and intefmottle samples. In tota}, 27 analyses were

performed.
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Duplitate powdered samples were allowed torsettle out °

of a watér. column for four hours and the s&ill-suspended,

fraction (ca. less than 2 micrometres) was centrifuged,

transferred to filter paper, and finally to a glass slide

in preparation for analysis.

All analyses were performed on a Phillips A X-ray
diffractometer with Cu-Ky radiation at *a scanning speeé of
12 2%/minute, | ,

Clay mineralogy sampleé were alsg exposed to
saturated ethylene élycol vapours’to detect the presence aof

a

montmorillonite and mixed layer clays. N _ .

6.2 RFSULTS AND DISCUSSION: - _

~

DOLOMITE AND DOLOSTONE; ;

The prbportions of MgCo,” -and CaCQq within dolomité
can be'determined by assuming a linear relationship hetween
d(104) and the substitution of MgCO3 into the carﬂonate
lattice (Goldsmith and Graf, 1958a). By this argument,
Goldsmith et al,, (1961) established a curve which alléwed
for rapid determipation of MgCo3 and CaCO3' content in
ﬁaturally ‘occurring and synthetic carbonatesf Blatt et al.,.
(19?2) found that . by using sodium chloride as’ an internal
standard, tﬁey could determine stoichiometry right from the
diffractométer trace with an preéision. of 0.62 .mol L
magnesi;m. In the St. George Group, all dolomite is calcium

rich. Representative samples of dololaminites, mottle

dolomite, pervasive A dolostone and cavity-filling

/
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dolostone  contain from 51 to 52 mole percent CaCoj
whereas matrix dolomite, saddle dolomite and the
~intermottles - in pervasive B dolostone are slightly more
enriched with‘ respect to Cacn3; 53 go 54. percent (figure
6.1).- These data suggest that hydrothermal phases of
dolomite are enriched in CaCo3 relative to other
varieties and this probabiy explains the,curved crystal
faces and sweeping extinction exﬁibiﬁed by the rhombs
(Radke and Mathis,f¥980). Exceptions to this conclusion do
exist., The most tno£ab1e are s;me strongly curved saddle
dolomite crfstals from the Newfoundland Zinc Mines.. These -
cfystals are stfained and. strongly curved, ‘yet are
stoichiometric (figure 6.1). o R
The presence of strong 'supqrstru;ture reflections”
within the diffragtoheter traces (for example the ld.l,

'10.5 and 02.1 peaks; Lippmann, 1973), and through direct

comparison with samples analysed by Goldsmith and Graf

(1958b), indicates that all of ﬁ&he St. George d&iomites
R ¥ jj‘;‘

[T

analysed in Vthis study are ve $#1]1 ordered (figure 6.2
and €.3). "Protodolomite® (poorly Abrdered, dolomite of
Gaines, 1977) d§e§ not'exist in these rocks.

The ’ mosk appareht diffet?nce between the
'diffigéﬁométer ‘traces in figures 6.2 and 6.3 is their bulk

‘mineralogy. Dololaminites, mottle dolomite, _peryasive A

and B dolostqhes "(both mottles dnd intermottles) and
cavity-filling dolo;tone .are characterized by subordinate

- -

siliclastic - peaks, ‘p;esumabij' because they inherit these
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FIGURE 6.1: Determination of the stoichiometry of
representative dolomite and dolostone samples
following the method outined by Blatt,

. Middleton and Murray (1972). A sample of saddle
dolomite {(sample DH-1)- from the .area of
Daniel's Harbour is stoichiometric! however,
most saddle dolomite (sample CN-25) and the
intermottle dolomite of pervasive B dolostones °
is calcium rich (averages 54 mol % calcium). A
sample of coarsely crystallme matrix dolomite
(PP-117) is also enriched in calcium. Other .
‘varieties, including dololaminites +¢sample
"LC~-2), mottle dolomite (sample PP-112C),
.pervasive A dolostone and cavity-filling
dolostone are only slightly calcium rich
(averages 51  to 52 mol %).

Relative peak ‘hlghts reflect variations in the
proportions of- dolomlte and sodium chloride in
each analysis.
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FIGURE €.2;

Portions of diffractometer traces taken with

Cu radiation of a representative sample of
dololaminite, matrix dolomite (coarse grained
limestone), cavity-filling dolostone and saddle
dolomite. The peaks in the top trace are identified
as either dolomite (D), calcite (C), quartz (Q)

or feldspar. The hk.1l indices for dolomite are

also indicated. The flourite internal standard

peak has been removed from these samples.
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minerals from the pre-existing limestones, Saddle dolomite

which is pore-filling, does not.

CLAY MINERALS:

The less than 2 micrometré fraction of 24 of the 27
samples analysed were found to contain only illite with
subordinate chlorite, Three samples of saddle dolomite do
not contain significant quantities of clay minerals.

Illite wasqidentified in the diffractometer traces by

Q .
its basal reflection at . 10 A and chlorite by its basal
reflections at 7 and 14 A. Neither illite nor chlorite was
affected by exposure to ethylene glycol (figure 6.4).

Wood (1983) analysed shale samples from Cambrian and
Lower Ordovician rocks - of the Port au Port Peninsula and
also found them to cqnﬁain mostly illite (77 to 99 percent)
and chlorite.: She argues that this suite of clay minerals
is 1likely detrital rather than diagenetic by c¢iting two

] M .
lines of evidence; .
1) A diagenetic suite of illite and.chlorite
can only be generated if burial temperatures
exceeded 200°c. The ° colour indices of
conodents from nearby limestones suggest that
temperatures never exceeded 60°C,
2)  The illite is poorly crystalline as
indicated by the diffuse 10 A peaks and this is
indicative of a detrital rather.than diagenetic

source (Wood, 19&3}).

- By these same arguments, it is 1likely that the clay

minerals associated with. the dolomite énd dolostone are

‘also detrital and were probably transported by wind onto
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FIGURE 6.4: Portion of diffractometer traces of the less
than 2 micrometre fraction of a dololaminite
sample. The only clay minerals that are
present are illite (I) and chlorite (C),
neither of which are affected by gycolation.
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;the . carbonate shelf during  deposition of the Lower
Ordovician sediments. Wood speculates that both the illite
and chlorite were probably derived thrgygh'the'weathering

of granitic rocks.

Qs ‘was discussed in chapters three and four, mottle
dblomite éharacterized by a strong or exclusive styiolite

. component (Eefér to plate 3.3¢), also contains significant
quantities of «clay minerals and oxides. If the clays are

detrital rather than diagenetic, it must be concluded that

their 1localization along the stylolites is -purely the

-
-

result of the accumulation of 1insoluble minerals during

periods of pressure solution.




CHAPTER SEVEN

MECHANISMS OF DOLOMITIZATION AND. CONCLUSIONS

7.1 INTRODUCTION

Dolomite 1is sFlll one of the most.perplexing p:gplsTs
in the field of carbonate geclogy. Despite numerous
studies, it 'is still not clear why dolomite, given its
abundance 'in the rock record, is not a more common
component ;in modern sediments, or yhat the exéct mechanisms
of dolomite growth are (two aspects of the so called
"dolomite pfoblem';,Land, 1980).

To resolve these and other problems, sedimento]ogists
have seérched for an all encompassing dolomitization-model
and té daté,_ many have been proposed (Morrow,'1982b).'The
mos t §opular include; seepage fefluxion (Adams and Rhodes,
1660, Def feyes et al., 1965), capillary évappra;ion
(McKenzie, et al., iQBO), cannibalization (Goodell and
Garman, 1999), mixed water, or Dorag (Hansaw et al., 1969,
Badiozamani, 1973, Land, 1973, Folk and Land, 1975), burial
compaction (Mattes and Mountjoy, 1980), pressure solution
(Wanless, 1979) and hydrothermal alteration ;(Lovering,.‘
1969).

Db]omite gfows‘under a variety of conditions (this is
in part responsible for the many different models) and as
this_ . study has demonstrated, dolomitization  may be
reactivat;d man; times, and for many-different reasons
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during the diagenekic history of a rock.

In this chapter, possible mechanisms,résponsible for
syngenetic, early- and late-diagenetic délomitizétion are
discussed and applied to proposed sedimentafion modelé
devised. for the Sf. George Groub. As earlier generations of
dolomite ;ommon]y act as nuclei for later gfowth,
particular - emphasis is place upon initial nucleation.
Suggestionsv‘for further study vto reso]ve'some tentative
conclusions are also offered.

v
7.2 MECHANISMS OF DOLOMITIZATION
SYNGENETIC DOLOMITE - DQLOLAMINiTBS:

Doiomitization of limestone’ or lime sediment is

basically a hydrological process (Land, 1983). On modern

sabkhas, the best documented environments where dolomite

forms syngenetically, hydrological _parameters are

reasonably. well understood. —Seawatef[ is .pushed onto the
flat-]?ing sabkhas by the .action of storms (McKenzie et
al., 1980, Patterson and ‘Kinéman, 1981, 1982) and
evaporates, increasing both the ionic strengéh and 180 of
the remaining. brine (Adams and Rhodes, 1960, Craig ét al.,
1963, Illing et 4&l., 1965, McKenzie, et al., 1980). Fluids
circulate through the sediment due to increased hydrostatic
head caused by flood recharﬁe; capillary evaporg;ion and
evaporative pumping. These> three factors represent é

rd
copplete hydrological cycle (McKenzie, et al., 1980).
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Dolomitization on sabkhas is thqyght to be controlled
by a number of factors: 1) high Mg2+/ca2* ratios"
(MéKenzie, et al., 1980, Patterson and Kinsman, 1981,
1982), .2) gypsum brecipitation (a sink for ca2*)
(Patterson and Kinsman, 1982), 3) low SO42-
concenfrations. Recent experimental studies by Baker and
Kastner (198l) and Kastner (1984) have demonstratqd that
do]omitew replaceﬁent of aragoniteA can be inﬂibited by
5042‘ concentrations greater than 5 to ‘7' percent that
found in seawater (28 mMol). Gunatilaka et al. (1984) algo
suggested that this is a principle factor dictating
subtidal dolomitization of aragonite sediments in a saline’
lagoon in . Kuwait. These studieg advocate removal of

4
sulphate by reduction, a process which Baker and Kastner

‘c}aim further promotes dolomitization by\\increasing
alkalinity and producing NH+ (ammonium ions can
exchange with complexed Mg2* ions, ‘releasing theﬁ and
increaéing ) the Mg2+/Ca2+ ratio). It is not entirely
clear if such a mechanisﬁ is responsible'for St. Georgé
dololaminites. They !iikely originated from very shallow
water é%ézusp of the abundance of sedimentary structures

{chapters two and three); but, these features need not have

formed in a Persian Gulf-like sabkha environment. Oxygen

- ’
* Mg/Ca ratios as high as 27 have been observed in some
. parts of the Persian Gulf (McKenzie et al., 1980). In
comparison, normal seawater has a Mg/Ca ratio of 5.3
(Kastner, 1984).

» : _
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isotopes  suggest "% 18¢ enrichment - of the dololaminites
comparéd  té seawater (consistent with a rapid evaporational
'setting, Craig et al., 1963); however, extensive evaporites
are not present -in these rocks. Dololaminites also differ
fr9ﬁ modern sabkhas ‘in ghg? they are well laminated,
whereas most gabkhas are not (Patterson snd Kinsman, 1982).

Aragonite, the dominant component of modern sabkhas,

is normally easier to dolomitize than is either calcite or

Mg-calcite (less than 12 Mols MgCO3).(Baker and Kastner,

1981). Evidence given in an earlier chapter suggested that
St. George tidal flats were composed primarily of calcitic
mud, not aragonitiék mud. Given favorable conditions ({}e.
h&gh Mg2*/cal+ ratios, low S042- _concentrations;
figure 7.1); dolomitization \of the tidal flats could (and
did) occur. It may hévg been a slower proéess than that
observed on modern aragonitic tidal flats aﬁd may héve only

S
produced finely crystalline nuclei. Xenotopic faprics

caused by the coalescence of rhombs could be a shallow

burial feature. Later zones of dolomite around some cores
may'represent-this phase.of dolomite growth.

Most dololaminite  beds are thin and stratabound
between intertidal or subtidai' limestones. ‘Evidence'has
been given earlier suggesting that lithification of lime
mud was commonly early .and possiblyv syngenetic. ft is
possible therefore, that early lithification caused the
underlying substrate to act as a barrier, or aquitard, to

the fluids ' which were initiating dolomite growth in the.

\




FIGURE 7.1:

, A sketch illustrating a possible mechanisr of
dololaminite formation. Seawater is pushed
onto tidal flats by storm surges (A). After
precipitation of evaporite minerals and/or
the dilution of the seaygter of meteoric
water, the Mg-rich, SO poor fluids began
to dolomitize the permeable (unlithiiécd)

‘sedimnents (B). Lime mud that was lithified
early acted as 4 barrier to the fluid
(Aquitard) and subsequently, escaped dolo-
mitization.
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overlying, more permeable intervals {figure 7.1).

N

'Intuitivgly, _this implies dolomitization of unlithified

sediments.

.l

EARLY DIAGENETIC DdLOMITIZATION - MOTTLE DOLOMITE, MATRIX

DOLOMITE (FINE LIMESTONES), PERVASIVE A DOLOSTONE:

In addressing early diagenetjc dolomitization, two
questions must be answered: 1) the mechanism of dolomite
nucleation and 2) the nature of the fluids responsible for’

crystal growth. ‘ ,

1) Nucleation:

-

The most important clue dn solving this problem is
the selective - replacément of bdrfow linings :and the
sediment which. has filled burraws brifossi] molds because
these. ' components were especially ' susceptible ‘to
do]bmitization. In previous studies of Palaeozaic dolomite
mottied 1limestones, thé genéral consensus has been that .
ichnofossils were more permeable than the enclosing 7
iiméstone ‘(Bea]es,-'l953, Kendall, 1977, Morrow, 1978a).5 ’
Permeability is without question, an important factor in _.
dolomitization of St. George ichnofossils. Some burrows

remained open wuntil after dolomitization as evidenced by

etched rhombs in contact with pore-filling calcite cement.

r

These trace fossilér must have acted as "mini-pipelines® .

I

tran5porting fluids through the rock. ,

. /\

/N .
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Kendall A(l977) quggésted that sediment within
ichnofossils and gaétropod molds remained unlithified after
lithificafion of Athe' surrounding lime mud. This he felt,
géuld explain the selective burrowing of sediment-fill

within the gastropods (as in plate 4.le). Petrography

demonstrated that at Jleast some mottle dolomite formed

&

éuring periods of early-diagenesis and it is bossible that

it selectively replaced the unlithified (more ﬁermeable)

'cor'nponents; By this same arqguement, unlithified mud
interval;' or ' beds may -have been the predecessors of

pervasive A dplostones. Lateral and vertical transitions
: . i

into burrow-—mottled limestones may simply reflect -

gradations from permeable sediment into aqwitards

-

(lithified sediment).

Locdlization. of dolomite to- ‘Palaeophycus margins

suggests that the organic lining may have been influencial'

to dolomfti-zation; at. least in nucleation. This may also

explain -why mottles in pervasive A dolostones are composed

of  finer crystalline dolomite than the intermottles. In
chapter four, it was suggested that this reflected
. 4 . -

diffe‘rent nucleation rates; mottles (burrows) were sjites of

more intensive nucleation than were intermottles.
There are two possible ways in which organics can aid
(or promote) dolomitization; 1) by removing sulphate during

biogenic decay (reduction) (Lippmann, 1973, Kastner, 1984)

-

or 2) by .concentrat ing. ng"' through organic complexing .

(Gebelein and Héffman, 1973).
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Dolomite ., which has formed as a result of sulphate
reduction (referred to as *organic" dolomite by Lippmann,
1973) should "be characterized by. deficient heavy cacbon -
provided that it has grown primarily while reduc.ir;g
cpﬁditions have prevailed (Arthur ‘et’ ’a‘\l., 1983). As
Lippmann states however;

"When sulphate , reduction is no longet active,

i.e. due to consumption of utilizable organic

matter, a normal is®topic composition may be

restored for .the carbonate species dissclved in

the - interstitial solution.” (Lippmann, 1973,

pleé). _

Despite the fact .that St. George dolomites are not
characterized by enrichment of ' ght carbon (chapter five)
it is still possible that some of the dolomite ultimately
owes its origin to biogenic -decay and ,sulphate reduction,
The nuclei for further. growth could have been established

during early reduction of the organic burrow linings.

Organic complexing of magnesium was suggebted by

Gebelein and Hoffman (1973), in their study of algal mats.

They postulated that Mg2+ concentrated into algal sheaths
‘during growth was released into the rock during burial and
biogenic deé:ay (reduction). Thi; inturn, initiatbed
do]omitizat.ion. The resulting dolomi.te should " also be
depleted. in slic. | A

‘ Chlori'de' ions, S042~ and €032~ , all form ion
pairs with most common aniqns; however, apart from Gebelein
and Hoffman's study, the role of organic complexing (for
examp']e chelation by amino acids or aromatic molecules in

.

3
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. mucopolysaccharides), 1in carbonate diagenesis has ndt been

‘fully" addressed. It is not khown what (if a'ny) cations are

capabie ‘of being complexed or if other dissolved species

"

{for example 8042‘ ) are - involved. Biologists have

-

studied mucopolysaccharides secreted from marine organisms
(i.e. crustaceans, Ehrlich, et a].? 1981; foraminifera,
Spindler.,' 1978; - and advanced invertebré’tes, Patel et al.,
1980), howe_ve'r', fbe'w studies have examined the chemis'trylof
mucopolysaccharides associated with ichnofossils. The most
relevant ,of these to date is a study by Trench (1973). He

examined the mucopolysaccharides secreted by the marine

slua Tridachia crispata and determined. it to be of lar'ge
molecular weight, acidic, sulphated and _composed of
glucose, glucuronic ‘acid, élucosamfnq, galactosamine a.nd
“traces o‘f galactose. It is not.possible in this study to
accurately assess the ef'f;cts these compounds wo:Jld have on
the sediment or sea\;raﬁer, but it‘is wbrth while to
speculate. If some of the organics ° in ancient ’
mucopoiysacc_harides were | capabl_e of complexing - wi’th
sulphate ions (in 1light of Trench's finding t-h“at some.
modern rmucopolysaccharides are sulphated, it becomes a

distinct péssibility). a mechanism of dolomite nucleation

-

without requiring reducing conditions may exist.
Following bioturbation and lithification of the
surrounding lime mud, sulphate complexing could have

removed 5042‘__ from the area enclosed by - the organic
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lining. This is either .the packed margin of the
ichnofossils, or in_the case of sediment-filled burrows and
_shell. molds, the wunlithified interna& sediment. Dolomite
nucleation (essentially from oxidized seawater)‘would occur
probably as sub-micron sized crystallites. These would be
the substrates for eai’ly- and late-diagenetic growth.

Morrow (1978b) considered- the possibility th.at'
‘organics influenced dolomite. growth in Palaeozoic rocks of
the éanadién Arctic Archipelago, but rejected it because he

believed that the bioturbated matrix material shoul‘d have

-also have been replaced. This’'argument does not appl'y to

the St. George Group for two reasons; 1) matrix material is
of ten dolomitized (w'ibtness pervasive A dolostones <apd
matrix dolomite in fine grained limestone); 2) St..Geérge :
mud was lithified early. This latter characteristic makes
it wunlikely that dolomite would grow within the lithified
mud, even if dolomite crystallvi‘tes were pervasively
distri.but;éd. '

After nucleation, do]omite growth continued whenever
K(and wherever) fluids -and conditions favorable for
dolomitization occurred. This is résponsible for the
variable petrographic arid_ isotopic character of mottle
.dolomite and matrix dolomit; within fine grained
1 imes.tone.s . .

2) Nature of Dolomitizing Fluids:

After nucleation, dolomitization would begin 1in

earnest once favorable fluids began, to pass through the

b
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‘rocks. Growth was = by concomitant dissolution and
precipitation.
. The possible chemical nature of the fluids have been
addressed by Kendall (1977) and Mofrow {1978b). Kendall
suggested that dolomitizing fiufds which ) affected
Ordovician limestones‘ of Saskatchewan and :Manitoba were
derived from an ovérlying evaporite seguence and advécated
.ref]uxion‘ of Mgz+—rich brines through the burrow networks
a; a probable cause. In the St. George, fhis is feasible
only for limestones interbedded with dololaminites in the
Aguathuna and Boat Harbour Formations. It cannot explain
the occhrences of dolomi tized ichnofossils in the
‘ prédominantly subtidal Catoche or Watts Bight Formations.

Morrow's (1978b), study area is free of evaporites
“.and therefore, - he endorses a different process. He
suggested that initial dolomitization of jhe butrow-filling
éediments was the .result of salinity fluctuations in
A .
overlying shelf Qater and cites_ fresh water dilution as the
probable cause; Dolqmitization Tis tﬁéught to have been
~promoted through the diffusion of Mg2+ from seawater into
the pe}meable burgows. By way of mathematical arguement,

Morrow demonstrated that a significant portion of an

ichnofossil could be replaced in a very short time, perhaps
j

in just 100 years.

Mixed water doloﬂitization is an attractive option to

’

i
1
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explain early-diagemetic dolomitization in the St. George
Grbup; especially for 'pervasiye A dolestones: Bf'mixing
mgteoric ‘water with sea;ater. the ionic strength and
‘ soluble su]phate' are bothlreduced factprs which have been
cited as possible causes oﬁ dolomitization (Folk and Land,
1975, Kastner, 1984). ﬁixed-water dolomitization could also
explain the loéalization of pervasive A aolostones beneath
suspected or documented subaerial exposure‘.horizons."lf
dolomitiz?tion was caused by mixing together of seawater
with meteoric water, the resulting dolomite would be
‘expected to reflect the combined isotopic signature of the

13

~.fluids. )
R <\

Predicgihg the 'isotopic composition of Early
Ordovician meteoric water |is spéculativef but compgrisong
can be made 'to the modern. Rainwater; in coastal tropical
areas is depieted ©in s 180 relative to seawater by
approximately 2 to 4 o/oo. This depletion is very much
dependant wupon land mass conff@uratiéns, wjnd>dire¢tions
and/or temperatures and can be greatef.(or lesser) in some
coastal fegions (J. whelan, pérs. comm,, 1984). Badiozamani
(1973) suggested ‘doloﬁiti:ation would bé -favoredv~when
seawater was diluted with ffom 30 to 95 percent freshwater.
Assuming modern rainwater is depleted by 4 o/oo relative to
seawater, the resuiting solution would have é 180 values

ranging from approximately -1 o/oo to almost -4 o/oo.

Extrapolating to the St. George examples, it |is vefy
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poé%ible that some of the isotopic variation observed in
pervasive A dolostones is a resu}t of ﬁixing seawater with
freshwater in different ‘propbrtions.‘ Not all of Athe
variatton can be. explained in this manner. There must‘be
other local factors as well.

The actual mechanism of pervasive A dolomitization
may be very similar to that proposed for thé dololaminites,
Both prébably developed because‘occasionally; unlithified
sediments were subaeriaily exposed. The only difference
between them is in the composition of the dolomitizing
fluids and i:. the e&xposure time.lDololaminites formed in
areas whére ’recharge' was frequent and pore fluids were
predominant]y'_ seawater, whereas pervasive A dolostones.
fofmed in areas where ,,heteorjc. water contributed
significantly to the por; fluids' (figurek 7.2). The
developmeﬁt of exposuré horizons atop sequences, of
pervasivé A do]oétone (for example, the St. George Tablé
"Head contact, Port au Port),\commonly with the development
of dissolptidn voids filled with cavity-fi]ling dolostone
(f§r example; beneath the "pebble bedi, Port au Port; Watts
Bight - Boat ' Harbour contact, Great Northern .Peninsula
[later overprinted by pervasive B dolomffizationl) implies
that occasionally, longer periods of exposure occurred with
partial dissolution of the previously dolomitized strata

(figure 7.2). In retrospect, stratabound pervasive A

dolostones with no evidence of overlying disconformities

may imply shorter periods of exposure.




- .
., *

FIGURE 7.2: A sketch illustrating a possible mechanism for
Pervasive A dolomitization. Pervasive A
dolostones are commonly developed bencath
disconformities or interbedded with dolo-
laminites suggesting that they may be caused
by mixing seawater with freshwatér (A) The
dolomitizinyg fluids may have.preferentially
replaced unlithified sediments (B) but not the
early-lithified mudstones. These dolomite-
mottled limestones acted as aquitards to the
fluids. (C). After prolonged exposurec, discon=-
formities may develop, punctuated by voids and
cavity-filled dolostone. ' Scale in all sketches
is generalized.
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Pressure  solution ' and dolomitization of . the st.
George Group had been questiohed previously hy Pgatt (1982)
in ‘response to a papertpublished earlier by Wanléss (1979).
Wanless argued that three styles qf. pressuré solution
responsé prevailed in Palaeozoic roékszof Arizona, weste;n

Maryland and southeastern Xansas. Sutured-seam solution

developed common stylolites and grain contact sutures.

Non-sutured-seam solution developed microstylolite swarms

(or anastomosing stylolites), and were commonly the locus
of , dolomitization. Non-seam solution results in the
pervasive thinning of a limestone and frequently caused
widespread * dolomitization. Pratt (1982) argued agains;
pressure solqtjon as a cause of widespread, stratigraphic
burial dolomite in the St. George (pervasive A dolostonés)..
'The results of this study are in agreement \qiﬁh' his
conclusions; His rebutal to Wanless' suggestion 'of
dolomitization along stylolites is not necessarily correct.
Some mottle dolomite in ‘the st. George has grown wholly
aloﬁg stylolites (chapter four, plate 4.4c) and may have
accompanied -pressure solution. Magnesium-beéring fluids
passing along stylolites could have reacted with calcium
released during- solution of thé limestone (Logan and
Semeniuk, 1976, Wanless, 1979, Mattes and Mount joy, 1980).
Anastomosing (or microstylolitic) swarms (Wanless, 1979)
appear to be the loqus'.of this dolomitization which may
have been aided significantly by the presence BE any’
. dolomite crystéls or crystallites collected during

»

limestone soluticn. -




242

LATE-DIAGENETIC DOLOMITE: PERVASIVE B DOLOSTONE, SADDLE

DOLbMITE ,' I;ATRIX-DOLOHITE (COARSE LIMESTONES):

There is no doubt that the occurrences of pervasive B '
dolostone  and - saddle dolomite on the Great' Northern
Peninsula are thé result of a late diagenetic event
invélving hydrothermal fluids. The field'characterfstic;,'
as wéll, as pefrographic énd, isotopic prbpérties are all.
consistent with this interpretation. ‘ .

Matrix dolomite associéteq with packstones and
grainstones in the south, are similar both petrographically
and isotopically to saddle dolomite and are 'also likeJy
related to hydrothermal dolomitization. They are however,
mhcﬁ moré limited ih.extent.

Models involving hydrothermal fluids have been
actively sought because of their economic potential when
‘associated with Mis#issippi Valley Type ores (Lovering,
1969,. Collins and Smith, 1975, Beales and Hardy, 1980,
Coron, 1982, Sangster, 1983, Barnés; 1983). Fluids are
thought 'po be derived through the de-watering of basinal
sediments 'during burial metamorphism (Barnes, 1983). As
suggested earlief, these fluids were prqbablyvdepleted in
Sr2+, Temperatures of the dolomitizing fluids are usually

less than 250°C, commonly in the range of 60 to 1500C

(Radke and Mathis, 1980, Morrow, 1982b). Precipitation
temperatures determined via isotopic analysis for St.
George saddle dolomite and pervasive.BR. dolostones are in

the range' of 37 to 64°C. Fluid “inclusions, although
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abundant * in saddle dolomite and the intermotple dolomité.
within pervasive .B dé]ostones, are not c]ear]yaprimqrf in
the St. George samples examined preventing an estimation of
formation températures. 'In .coexisfing fluorite however,
brimary fluid inclusions :from Port au Choix have yielded
‘consistent minimum 'form#tion ‘temperatures of fram 135 to

; , :
150 ‘¢ (a. Maloney, pers. comm., 1984). , These data are
similar to the mipipqp_fofmatiqn tgﬁperaturés determined by
.ﬁratt (1979) on fiuorite $amples from thé CapefNorman a%ea
(120. to 160°C). “The difference_betweeﬁ these temperature
estimates and ~thoser derived through isotopes either
indicates . that fluérite pfecipitatedt‘out from hotter
solutions, or (more 1likely), the 5sot§pfc composition of

*( 6(w)) was -significantly

the dolomitizing sqlution
different than -8.00 o/co."
’Tgmperatures the order of 100°C hav;‘begn uséd to
successfully * synthesis dolomite. . in léboraforiés frefer to
chapter five) and it seems likely that this condition wou]é
favor more rapid ratgs' of dolomite precipitation. This
properfy, may explain the . cementation of unstable breccia
masées by saddle dolomite .neaf Daniel's Harbgur'(before
%tabilization occurred; chapﬁer 'three{f and the wuniform
]umine;cence or, diffuse zonatioﬁ in the rhombs
(brecipitation was more rapid. than were changes in
porewater chemisfry. Higher temperat;res may also be

capable of-sidestepping some of the problems encountered in
r

near surface conditions, such as nucleation.
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The . common association of saddle.idolomite with
sphalerite ﬁineralization near Daniel's Harboug suggests
that they are the products of the same major ‘event (Coron,
1982). Tyo-SChools of thought exist on the transport of the
metals. One group contends. that the ore is the result of
mixihéi two solutions, one rich in Zn2+ and the other rich
in "su]phide (possib]x thrbugh‘the reducqjon of sulphate by
organics). 'The other group féelsb_that’the agueopus metal
'iquA possibly complexed by”organics, and the sulphide must
have been carried togethgr_ in thg same solution (Barnes,
1983). Whatever thef.éxact t;anspbrt mechaniéms»are, it is
clear that 4they wire of lécal extent comparéd _to thé

-widespreadb nature of the pervasive B dojostohes and»sadd?e

dolomite. B

7.3 DOLOMITIZATION AND PROPOSED SEDIMENTATION MODELS: ’

Two ‘modeié of sedimeptation have beenApggpdsgd in
previous studies for the St. George Group: 1)'stable shelf
sedimenfktion (Levesque, 1977, Knight, 1977b) and 2f
island-tidal flat sedimentation (Pratt, 1979, Pratt and

Jémes, in press). Dolcmitfzation mechanisms suggested in

this study are equally applicable for both; however, the
"island-tidal flat model better explainé the‘ spatial
distribution and:.'Variable petrographic and isotopic
charagﬁeristics of some varieties of dolomite and

)

do]oéfone, In an island sétting, local ~aquifers ., of

different water chemistry (mostly meteoric beneath exposed
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islands"and ‘postly- marine beneath. : tidal flats) would be
developed. Such -a model would also explain the lateral
diécbntinuity of some dolostones (especially délolém;nites;
Pratt, 1979).- Dolomitization in re]agibn to st;ple shelf
and  island-tidal flat - sedimentation is schematically

illustrated in figures 7.3 and 7.4.

7.4 ‘RECOMMENDATIONS FOR FURTHER STUDY:
Some -of .the conclusions proposed in this thesis are
\ N .

tentative 'pending further collection of data and assessment

by other ’stﬁdies. The following topics will test some of

the suppositions made in this thesis and are recommended

w
[

for further stud!; _ -

-~ 1) A detailed palaeontqlog{cal _study (especially
focusing upon conodonts) of the CaLoche'to Table Head
portion of the stratigraphié section north of Table
Point iﬁ necessary to accuratély establisﬁ the timing
and duration of pervasive B ;nd. saddle
dolomitization. 3 o ' /
2) A study of thé association of faults with
pervasiver B -andﬁ other dolostones, perhaps including
céré obtained' from the Gulf ®f St: Lawrence and the /

" . - R
Strait of Belle Isle, will better assess the role of

—

tectonics on pervasive B dolomitization and may o
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Dolomitizaticn mechanisms and stable
shelf sedimentation. Dolominities form -
on tidal flat environments whereas
pervasive A dolostones form beneath
‘exposed surfaces. Mottle dolomite forms
during early-diagenesis jin lithified

mudstones. Later phases of dolomitiza-
tion (eq. Pervasive B dolostone, saddle
ddlomite) overprint thése earlier genera-
tions. No scale implied.
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"FIGURE 7.4:

Dolomitization mechanisms island-tidal
flat sedimentatjon. .Dololaminites form
on tidal flat environments whereas
pervasive A dolostones form beneath
exposed surfaces. Mottle dolomite forms
during early-diagenesis in lithified
mudstones. Later phases of dolomitiza-—
tion (eg. Pervasive B dolostone, saddle
dolomite) overp®™int these earlier genera-
tions. No scale implied.
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explain its locdlizstign Lg the ﬁorthern part of the
study area. ‘

3) Further work , must be done to discover the nature
of the - alledged Watts Bight - Boat Harbour
disconformiéf'-on the Great Northern Peninsula. This
may better expla{n the origin" of the pervasive B

dolostones in_ thk Watts Bight Formation ' and whether

they are actually overprinted pervasive A dolostones.

4) A biochemicﬁl | study of mucopolysaccharides
~associated with’ %odern ichnofossils, especially in
regards to the Fbmﬁléxing ability of the various
organics, is lon;‘6verdue to éetermine thé role that
these compounds play in the diagénesis. of modern
rocks - and throug 'iﬁference, the ;ole éhat they may

have played in the rock record.

7.5 CONCLUSIONS:

The' Lower Ordovician St. George Group is a sequence

of carbonates that were deposited in a stable shelf
environment subject to periodic exposure. Dolomite makes up
approximately one thirF of these rocks  and seven field

varieties are distinguished.

1) Dololaminites are common components - of ‘the

[N i

b

Aguathuna - and Boat Harbour Formations in all parts of the

|
i

i
0

! - ' -
| N .
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study area. They 'até buff'to gréy, stfatabound, lamin;ted
dolostones characterized by di:gfse and abundant shallow
water sedimentary structures (including desiccation éracks
and tépee;); lack of body fossils, chert nodules with rare
entombed evaporites and local bioturﬁation. §13¢  and
A80 values range from 40.5 to -4.01 o/oo0. and';4.78 to
-7.94 o/oo (relative to PDB) resbectively. sr2+* varies

&

from 75 to 240 ppm.

Petrographically, dololaminites are composed of

uniformly luminescent to poorly zoned, very finely

crystalline and non- to slightly ferroan xenofopic
dolomite. Windblown feldspar and quartz silt are

subordinant.

’

2) Two varieties of matrix dolomite are recognized.
In mudstones and wackestones, rhombs are buff weathering,
euhedral, finely. «crystalline, 'very well '~ zoned and
distributed - eﬁen]y ‘within  the limestone. A prominent
ndn—lﬁminestent (ferroan) zone is qommohly_developed near
the mid-point or terminus of the crystals.

Amounts of this variety range from trace quantities
to 100 percent and usually, matrix dolomite-rich intervals
(those containing more than 50 perceﬁt dolomite) are
separated from matrix doiomite-poor intervals (thése
containing 1less than 50 percent doloﬁite), by stylolites.

Dedolomitization is frequeht.
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Matrix dolomite in packstones an&. grainstones
weathers buff to white, ana is usually res£ricted to
intetg?anular areas but ma& on occasion, eipagd to replace
the whole rock. Rhombs are medium crystalline, anhedral,
non-ferroan and uniformly luminescent. Two analyses
yielded §13¢ values of -1.62 and -1.85 d/oo and s180
values of =-9.03 and -9.72 o/oco. Sr2t concentrétion in
both ‘'samples is 40 ppm.

Intercrystalline and secondary dissolution porosity
.;;» abundant in extensively dolomitizZed intervals and is
filled with either dark insoluble (organic rich) material,
gaseous hy&rocarbons or calcite cemenf .

Both lvarieties of matrix dolomite are rare and are
best developed. wi;hin thev Watts Bight and Boat Harbour
qumafions in thé Port-au Port area.

3) Mottle dolomite is buff to 1§ght grey and is
localized to ichnofossils, body fossils and preésure
solution seams. =~ This variety is abundant both
stratigraphically and geographically and may account for up
“to 40 percent of the volume of a rock. o

The petrographic propertigs .of mottle dolomite~arg
variable. Rhombs; are fine to medium crystalline,.unifo;hly
luminescent to well =zoned, idiotopic to xenotopic and are
characterized by 613c values of -1.27 to -1.99 o/o0,
¢80 values of -5.71 to -10.34 o/oo and sr2*
concentrations of 70 to 195 ppm. Dedolomitization in a
fashion similar to that observed in some matrii dolomite is

common.
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4) Pervasive A dolostones are bimodal, mottléd-rocks.
Mottles (occasionally identified as ichnofossils or
gastrbpods), account for Dbetween 50 and 80 percent of the
rock and are composed of finely crystalline rhombs, whereas
the intermottles.are composed of medium qrystallineaggambs.
Both are xenotopic, non-ferroan, uniformly to'modefate]y
zoned and aré characterized by 613C:and §18¢ values of
from ~1.18 to -2.05 ofoo and -4.74 to =11.16 o/oo
respéctively; sr2+ ranges. from ' 35 to 185 ppm. Siﬁilérity
with reséect to qtﬁese propegties for the mottles-and.the
intermottles suggésts thaé. they = were dolomitiied at the
same time. Additional zones occasionally super§mposéd
around cores %n the intermottles suggests later periods of
gfowth in thése areas. Dedolomitization is rare in these
rocks. | - ‘ _ e

Pervasive A dolostones are common components of all
formations of the St. George Group ;nd are also Widespread
gepgraphiea}ly; Théy are particularly well developed

- immediately beneath subaerial exposure horizons.

5) Pervasive B dolostones are also mottled rocks

characterized by bimodal crystallinity. They are widespread
‘on 'thé . Great Northern Peninsula but are especially common

in the Watts Bight Formaﬁion and the upper portion of the

Catoche Formation. Pervasive B dolostones frequently abut

_ _Sharply ;against, T,_g),;;_,_,jprm equidimensional A'podsf _or

* flat-lying "pans® within dolomite-mottled. 1imestones.
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Mdttleé are dark, organic rich, fiﬁely cfystalline
and on bedding planes, are élearly recognjzable- ag T
ichnofosgils or body fossiis. In cross-section, all mottles
have been dragged out along stylolites.

Intermottle areas are whiQf’i? pink and are composed
of coarsely crystalline, strained, calcjum-rich.(to 54 mol .
L C32+) and uniformlyﬁ luminescent dolomite rhoﬁbs.
Crystal faces are commonl& ‘curved.. Rhombs afe usually
non-ferroan, but occasioﬁﬁlly may contain up to 2.5 weight
_percent FeO. sl3c, 5180 and the concentration of Sr2+
in "the intermottle dolomite varies from -0.62 to -1.660/00, -
-8347 to -12.&3,0700 and from 35 to 135S ppm respectively.

Séddle dolomite is a pore-filling cement localized to
voids or fraétures and 'aisé replaces portions  of pre-
e;istiﬁg dolostones (especially " body  fossils and
intermottle areas in pervasive B dolostones). It is similar
both petrogfaphically and isotopicélly to the intermottle
: dblomité 'jn' bervasive B dolostones. The stratigraphic and
geographic distribution is also the same.,

Cavity-filling dolostohe fills small (less than 30
ceniimetre)‘ dissolution voids in pré-existing dolostones,

is commonly 'geOpetal. laminated and is characterized by

buff to green, very finely crystalline aolomite with

subordinate feldspar, gquartz, phosphate, micas, clays and

insoluble (organic-rich?) material. Dolomite rhombs are
anhedral, uniformly luminescent and contain from 45 tb A |

165 ppm Sr2%,.513c varies from -0.61 to -1.78 o/oo and
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d8o ranges fiom ~-6.45 to -8.93 o/co. This variety is rare

in the St. George Group and is restricted to intervals
beneath documented or suspected disconformity surfaces.
The seven varieties of dolomite and dolostone are the

.result of four generations of do]omitization. L@té}
generations frequeﬁtly errprint earlier generatio:; and.in
so doing, modify both " the petrodfaphicv_and isotopic
character of the original dolomite.

Dololaminites are syngenetic products formed ‘during

deposition of supratidal sediments in a tidal flat

environment. Dolomitization may have been nucleated due. to

4

high Mg2t/calt ratios and/or low S042~ . which
prevailed on the tidal flats. Continued growth after burial
is suggested by additional zones superimposed on some

rhombs.

Matrix dolomite in fine grained limestones ana mottle
dolomite are the result of the same long. lived (early- to
late~diagenetic) events. They 1initially nucleated after
lithification of lime mud, possibly dué to the presence of
‘mucopolysaccharides ~associated with bioturbation énd grew
by concom%tant dissolution and precipitation. Thesé
dolomites were also subjecte@ tb furthér growth durfng

o ,
periods of pressure solution.

LS

Pervasive A dolostones are coincident with early

phases of matrix/mottle dolomitization and predate pressure

solution. . Their :localization beneath: documented or
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suspected subaerial exposure: horizons suggests that they
*may be due-to miied water dolomitizatiop.

Matrix dolomite in fine ‘grained limestones, mottle

dolomite aﬁd pervasive A dolostones have been affec;ed‘by

late-diagenetic periods of tectonic fracturing and

dedolomi;ization.

Pervasive B .dolostones are the result of
late-diagenetic hydrothermal evént; which have overprinted
dolomife mottled limestones: They probably evolved at the
start of the Tacohic Orogeny aﬁd were geéeratea by fididé '
passing along tectonic fracturésA and. inta susceptible
%{mesiones. Fr;ctures and void space were simul taneously

'filled with saddle dolomite.

Southern examples - of matrix dolomite  (those
occurrences within packstones and wackestones) are also due
to hydrothermal alteration but ﬁot necessarily thé same one
responsible for pervasive’B dolostone or saddie dblomite.

- Cavity-filling dolostone is rsimijat to vadose silt
(Dunham, 1969, Bathurst, 1975) and may have been derived in
a similar fashion, that is, through the mechanical erosion
of host rock by moving ground water in the vadose zone.

¢

This variety is directly related to éubaerial exposure.
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APPENDIX A: | - ‘
MEASURED STRATIGRAPHIC SECTIONS.’ - .

r

The stratigraphic sections measured at each of the
ten principle areas investigated as part.of this study are

drafted on a scale of 1 centimetre to 2 metres. They

display the general lithologies, the variety, and estimated
proportions of dolomite or dolostone within the
lithostratigraphic unit, sedimentary structures, secondary

.mineralization, the estimated bitumen content and

palaeontological and/or othergfomponents (refer to legend,
back pocket). The ten sections are also located in the back
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APPENDIX B

CARBON AND OXYGEN ISOTOPE AND SR2%* GEOCHEMICAL ANALYSES OF
REPRESENTATIVE LIMESTONE AND DOLOSTONE SAMPLES FROM THE ST.
GEORGE GROUP (LOWER ORDOVICIAN) OF WESTERN NEWFOUNDLAND

-

DOLOLAMINITES:
SAMPLE # LOCATION FORMATION 6180(pDB) &13C(PDB). Sr2+(ppm)

* PP172A IB BOAT HBR. -5.17 -1.38 85
LC 2 - LC BOAT HBR. -7.94 v =4,01 75
CN30 CN BOAT HBR. -6.33 -1.88 240
PC 9 A PC BOAT HBR. -6.54 -2.70
SC25 sC AGUATHUNA ~-4.78 -0.50
PC32 PC AGUATHUNA ~7.83 -1.86"

PP 134 NWG AGUATHUNA =~ -5,98 -1.89
PP 212 NWG AGUATHUNA -5.96 -1.66

MATRIX DOLOMITE: , :
_SAMPLE # LOCATION FORMATION s18o(ppB) s&l3c(PDB) &r2+(ppm)

PP 117 ‘ IB . WATTS BIGHT =9.72 -1.62 40
PP 119 IB WATTS BIGHT -9.03 -1.85 40

DOLOMITE MOTTLED LIMESTONES: . C
SAMPLE ¥  LOCATION FORMATION &180(pPpB) 813c(PDB) Sr2+(ppm)

PP 112C IB  WATTS BIGHT .
MOTTLES. “ -9.31 -1.44 - 70
LIMESTONE ; -8.15 -2.30 . 165

SC 16 CATOCHE
MOTTLES ' . =S,.71 -1,27 190
LIMESTONE - : -8.87 - . ~1.56 235

CN 42 ‘ CATOCHE o
- MOTTLES . —8.86 ~-1.74 165
- LIMESTONE . ’-9.21 -1.78 290

CN 43 ' CATOCHE T
- MOTTLES ‘ -10.34 -1.67 175
LIMESTONE 4 v -9.18 -1.67 275
PP 113B WATTS BIGHT - . g |
LIMESTONE _ -7.95 -2,30
PP35A . BOAT HBR.
MOTTLES ~5.47  -1.99

PC37 BOAT HBR. :
LIMESTONE -10.31  -1.75
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" PERVASIVE A DOLOSTONE:

SAMPLE # LOCATION FORMATION §&180(pDB) sl3c(PDB) Sr2*(ppm)

PP 113B I8 WATTS BIGHT :
»  INTERMOTTLES - -7.09 ~1.82 130
SC 12 sC CATOCHE _ '
MOTTLES -4,74 -1.30 " 17s
INTERMOTTLES . : -536 -1.64 185
PP112 . IB WATTS BIGHT
MOTTLES - - -8.33 -1,37 - 105
INTERMOTTLES ' -8.77 -1.72 75
_CN 4 CN CATOCHE
. MOTTLES -5.15 -1.18 140
INTERMOTTLES o -9.99 -1.37 55
. PC 35 ~PC BOAT HBR.
INTERMOTTLES -11.16 -1.51 - 35
PP48D 1B BOAT HBR.
MOTTLES :> -8.24 -2.05 . 100
CN 12 CN WATTS BIGHT . -
INTERMOTTLES -7.65 -1.19 70

 PERVASIVE B DOLOSTONE: - ,
SAMPLE # LOCATION FORMATION §180(PpB) 613c(PDB) Sr2+(ppm)

TP ii TP " CATOCHE
MOTTLES -8.94 -1.13 80
INTERMOTTLES = - : -10.51 . =1.35 85
CN 42 CN CATOCHE
MOTTLES -9.38 -1.31 90
INTERMOTTLES ) -12.09 -1.59 - 75
PC18B PC  CATOCHE
MOTTLES  -8.47 . -0.78 15
INTERMOTTLES -8.18 -0.62 5
PC 137 PC BOAT HBR.
INTERMOTTLES -12.73 -1.66 135
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SADDLE 'DOLOMITE: . | s
SAMPLE # LOCATION FORMATION 6180(ppB) &13c(PDB) Sr2*(ppm)

CN 5 CN  WATTS BIGHT -9.04 -0.89 70 B
CN25 CN . BOAT HBR. -9.48 -1.57 45 o
PC10 PC CATOCHE ' -10.47 .=1.69 not run

CAVITY-FILLING DOLODSTONE: o
. SAMPLE # LOCATION FORMATION &180(pDB). 613c(PDB) Sr2*(ppm)

CN 1 CN WATTS BIGHT -7.08 -0.61 45
CN14 CN WATTS BIGHT - -8,93 -1.78 50
PP 43B IB BOAT .HBR. -7.38 . .53 . 65
PP 48D IB BOAT HBR, -6.57 -1.50 85
sC13 sC, CATOCHE -6.45 -1.62 165 . —

Analytical uncertainty is one standard deviation and varies
from a minimum of 0.01 to a maximum of 0,08 parts per mil.
Locations: IB, Isthmus Bdy; LC, Lower Cove; NWG, Northwest
Gravels; SC, Smelt Canyeon; DH, Daniel's Harbour; TP, Table
Point; PC, Port au Choix; CN, Cape Norman.
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