
THE UNIVERSITY OF MANITOBi\

DIAGENESIS AND POROSITY EVOLUTION WITI-IIN THE
UPPER SHUNDA AND TURNER VALLEY FORI1ATIONS,

MOOSE DOME AREA. ALBERTA

by

Hugh A1 exander Al ì ey

A THESIS
SUBI4ITTED TO THE FACULTY OF GRADUATE STUDIES

IN PARTiAL FULFILLI'IENT OF THE REQUIREMTNTS FOR THE
DEGREE OF MASTER OF SCIENCE

DEPARTMENÏ OF EARTH SCIENCTS

t¡JINNIPEG, MANITOBA

FEBRUARY IO, 1982



DIAGENESIS AND POROSITY EVOLUTION I.^]ITHIN TIIE

UPPER SHUNDA AND TURNER VALLEY FOR},ÍATIONS,

I"ÍOOSE DOI"E AREA. ALBERTA

BY

HUGH ALEXANDER ALLEY

A thesis submitted to the Facurty of Gradr¡ate studies of
the university of Maritoba i' partial furfilrment of trie requirerne'rs
of the degree of

MASTER OF SCIENCE

o 1982

Pe¡mission has been gra'ted to the LIBIìARY oF THE ur.irvER-
SITY OF MANITCBA to lend or sell copies of this thesis, to
the NATIONAL LIBRARY oF CANADA ro microfirrr rhis
thesis and to lend or seil copies of the firnr, and 

'NIVERsiry14ICROFILMS to publish an abstract of rhjs thesis.

Tlie author reseryes other pubricatio' rights, and neither tiie
thesis nor extensive extracts fronl rt rnay be printed or other-
wise reproduced wjthout the author's rvritteu perniisslon.



I

Abs tract

A sequence of carbonates of f'lississi ppìan age was studi ed i.n the

vicinity of Moose Dome, Alberta, to interpret the relationships exist'ing

betwen the orjgìnal deposìtional environment, the subsequent diagenetìc

alterations, and the effects which diageneis may have piayed in the

development of poros'îty and permeabi'lity. The stratigraphic interval

studied inc-ludes the upper portion of the Shunda Formation anci the

overlying Turner Va1ley Formatîon.

Shunda sediments were depositecì u¡ithin broad systems of shal1otr,

restricted lagoons and intertidal nrud flats dissected by tìda1 channels.

Landward, these comp'lexes g'ive way to extensive areas of supratidal

flats and marshes. Resultant sediment types contain a high content

of carbonate mud, a paucìty of coarse-grained skeletal material, and show

extensive reworkíng by mud-scavenging organisms. The nature of their

deposìtional environments renciers these sediments suscept'ible to subaerial

vaciose zone djagenes'is which ìncludes the development of green shale

facies,minor erosional breaks, micro-karst surfaces, subaerial laminated

crusts or caliche horizons and dissolut'ion features. The majority of

the porosìty developed within these sediments'is of a secondary nature

created by seìective removal of earl'ier formed calcite cements and js

a direct product of exposure of these sediments to the vadose zone of

subaerial dìagenesis "

The Turner Valley Formation is comprìsed of distjnct'ly different

sediment types and fabrics formed in response to thei r depos'ition 'in

the deeper waters of the open sheìf environment or within systems of

offshore shoals and bars. Grain supported sed'iments are common and
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are comprised of coarse-graíned skeletal material ìargely of an echinoderm

origìn. These sed'iments d'isplay few early diagenetic alterations of the

subaerial vadose zone.

Much of the porosÍty and permeabif ity displayed within these sediments

is intercrysta'lline or moldic and is related to a later period of dolomì-

tization and leaching than the porosity observed within the shunda

Fornrati on.

Dolomites of the Turner Valley Formation are more coarsely crystalljne
than those of the Shunda Format'ion and are believed to have formed bv a

mechan'ism of meteoric and marfne water mixinq.
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CHAPTER I

General Introduction

Introduc tion

The thÍck sequences of l4ississippian carbonate sediments deposited

în the l.Iestern Canada Sedimentary Basin contain important accumulations

of hydrocarbons. Most of the porosity developed within these sediments

Ís of a secondary nature and is therefore intimate'ly associated with the

diagenetîc history of these sediments.

In recent years many d'iagenetîc studies have been undertaken on the

more modern Cenozoic accumulations of carbonate sediments. These stuclies

have greatly increased our understanding of ihe often complex diagenetic

processes affecting carbonate sediÌnents. l'luch of this know'ledge can be

directly applîed to unraveling the dîagenetic histories of the more

ancíent Paleozoîc carbonate sediments.

Arei- of Study

Excellent localities for the study of ancient carbonates of

lJississippian age are provîded within the Foothills and Front Ranges of

the Canadian Rocky Mountains. An area of study was chosen approximately

45 kilometres west of Calgany, A'lberta în the vicinitlr of I'4oose Dome at

ll4" 50'longitude and 50"54'latîtucle (Figure I). Moose Dome is an

Ìnlier of Mississîppian strata surrounded by younger rocl<s of Jurassic

and Lor,ver cretaceous age. The more southerly portion of the dornal

stnucture has been dissected by the valley and tributaries of canyon

creek. The creek bed provides good exposures of the l,îississippian



I

)
5æ\_

-2-

'. 5@)

T

't

. EDMONTON

(

I
'.1'-

)

-t
520 \

I
¿gr

+ \-'\
/\

/
$

Ø

Þ

lØ
-152o^

Þ

{.8ANFF

ì . BRAGG .ALGARY
s1ò\, :R5EK .

.. MOOSE DOMEr. stuov aREA

ì
t

l:c
-l 510:m

SCALE

É

Þ

z

-'luoo

km

49o \ , , r l4go
1140 1130 1120 i11o j10o

FIGURE 1 LOCATION MAP OF STUDY AREA



-J-

strata and an easy means of access to the area via its juncture llith the

Elbow River.

Good exposures of rock are found on a quarry face which occurs on

the eastern flank of the done (P'ìate l-l ). Th'irty metres of section

were measured at this loca'lÌty. The section comprises the uppernrost

portion of the Shunda Formatîon and lowermost units of the overlyÌnct

Turner Val I ey Formation.

One hundred and sixty-one metres of section were measured along

the creek bed óf Canyon Creek on the western flank of the dome (Figure 2).

The section commences near the base of the Turner Valìey Formation and

proceeds up to the I owerrnost beds of the overly'ing llount [-lead Format'ion .

Several minor covered intervals occur within thl's sect'ion.

Previ ous l,lork

The area was mapped by Beach (1943, Hêp 68841 who conpiled structural

cross-sections and a measured secti'on of the ltlississippian (Beach, 1943,

p. 19-20, 27-28). Dougias (ig¡gl presented a summary and discussion of

l4ississìpptìan stratigraphy in southwestern Alberta, I1'ling (.ì959, p. 37-52)

examined the cyclîc nature of carbonate sedÍmentat.'ion l'n the vicjnity of

itloose Dome, An ínvestigation of selective dolomitization was camied

out by i'4urray and Lucl'a Ug67) on Turnen Vaì1ey exoosures on the east

flank of lioose Dome along Moose Done Creek. Work of llacqueen, et al (1972)

discuss the biostratîgraphy', stratigraphy and sedimentology of the l"loose

Dome and other areas.
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Regional M'iss'issjppian Stratiqraphy

A regional summary of Mississippìan stratigraphy cf the southern

Alberta p'lains region is gìven by penner ('ì958, p. 263). A more complete

description of regîonaì Mississippian stratigraphy in the southwestern

CanadÌan Rockies îs given by Macqueen and Bamber (1967).

MissîssippÌan sedimentary rocks within the l,Jestern Canada Sedimentary

Basin are predomînately shallow-water manîne deposits. Carbonate rocks

predomlnate in southern Alberta and argillaceous content jncreases

northwand. 0f the numerous 'interpretations put forth for Paleozo'ic

sedîmentation within western Canada, the most popu'ìar postulates relative'ly

continuous sedimentation from Devonian into Pennsylvanìan time. Toward

the end of the Mt'ssissipprlan,deposiìt'ion of terrigenous clastics predominated.

The Carboniferous of western Canada is divisible into three mappable

unîts which reflect differing phases of sedimentation (Proctor and l,lacauley,

1968), At I'losse Dome, only the first two are represented, the third unit

having been removed by post-Missîssippian erosion (Figure 3).

ïhe three map uniìts consist of :

i) A lower unît consisting mainly of siltstones and calcareous shales

which îs represented at Moose Dome by the Exshaw and Banff Forrnatíons 
"

ii) a mi'ddle unit composed of shallow water marìne carbonate sequences

generai'ly iacking in terrìgenous clastic material. This is represented

at Moose Dome by the Pekisko, Shunda, Turner Valley and Mount Head

Formatlons.

iiî) An uPper unît consl'stlng predominately of terrigenous clastic rocks

which is not exposed in the Moose Dome areau
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txshaw Formation

The Exshalv Formation cons'ists of recessive i.rl:ack biturnirnous shal,es

of vast aereal extent and constant lithology and thickness'indicating a

uniform depositional environment oven an almost flat Devonian surface.

Bîtuminous shales are formed în stagnant water conditions such as the

deep euxinic waters of ocean basins.

Banff Formation

0verlying the Exshaw Formation are the argillaceous and cherty lime

mudstones of the Banff Formation. Illing (lg59) interprets these

sediments to have been deposited below wave base.in an open marine

environment with normal marìne salinities and circulation conditions.

Anaerobic bottom conditions are responsible for the high organic content

found wi thi n the sediments , l^Ji thi n the Banff are I ocal i zed hori zons of
wackestones and packstones. These rocks contaìn abundant echinoderm

detrìtus and are interpreted by Illing (lgSg) to represent the development

of localîzed shoaJs or banks wlìthîn th.e deepen water Banff deposits.

Dîrectly overlyîng the Banff Formation are rocks of the middle map

unlt. Thî's unît is compnised of an eastern and western facies (Figure g).

The western facies has been termed the Livrìngstone Formation, The

Liviìngstone Formatîon is well developed în the vicinity of Banff, Alberta

and can be traced southwards through the main ranges of the Rocky

l4ountains to the canada-united States boundary, The Livjngstone

Fornation îs composed maînly of ech'inoderm - bryozoan limestones, These
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form coarse-grained skeletal sands believed to have been deposited in

an extensìve regìonal system of shallow-water, current swept echinoderm

banks. The more easterly facies equîvalent of the L'ivingstone Formation

consîsts, în ascending order, of the Pekisko, Shunda and Turner Vaì1ey

Formatl'ons. They fr'nst appear in the Front Ranges of the Rocky l'lountains

and continue eastwards into the subsurface of the southern Alberta

Plains region" Thîs eastern facies equîvalent is welJ developed in the

vicînîty of Moose Dome,

Pekisko Formation

The lowermost formatr'on of the middle map unjt jn the eastern

facîes i's termed the Pekl'sko Formatlìon. It directly overlies the Banff

Formatîon and ls composed largely of resistant echinoderm - bryozoan

limestones, These limestones are frequently mud free, well-sorted

skeletal sands. They represent deposit'ion in a shallow subtidal

environment of current swept echinoderm banks and shoals.

Shunda Formatr'on

Immediately overlying the Pekîsko Formation are the recessîve

units of the Shunda Formation" The Shunda consists largely of

shal low-water, sil ty J ime mudstones i'nterbedded with supratida'l

evapori'.tes and dolomites. The Shunda is 'interpreted to represent a

penr'od of limited regression and sedimentatÌon of the Mississippian seas

înto stagnant hypersall'ne lagoons and tidal mud flats (Ilf ing, .l959;

l'lacqueen et aJ , 1967I.
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Turner Val ley Formatjon

0ver'lying the Shunda are the massive bedded resistant echinoderm

limestones of the Turner Valley Formation. Variable amounts of fine to
medium crystall'ine dolomites, especìal1y wìthin the subsurface, are

pnesent withÌn the formation as weJJ, These sediments were deposited

in a high energy subtÌdal envÌronment, r,'lithin the Southern Alberta

Plains region it has been funther subdivided into the lower porous or

Elkton Member, the Mîddle Dense Member and the upper porous l4ember

(Penner, 'l958). Rupp (1969) necognized a similar three-fold divis-ion

within the Turner Va'l1ey Formation but further subdivided Penner's

Mi dd]e Dense i4ember i nto three discrete uni ts .

Itlount Head ForJnation

Directly overìying the Turner Valley Formation js a sequence of
cryptocrystalliìne to flnely crystalline dolomites, solution breccjas

and siltstones of the þlount Head Formation, These units are lìnterpreted

to represent a perîod of regression and development of very shallow

lagoons and sabkha complexes"

Etherf ngton and, .[,unnel Mo-untglìn .F.ormat-Ìo]rs

The third map unit overlies the l{ount Head Formation. The top of

this unît is marked by a major erosîonal unconformîty" l,lhere exposed

to the south of the study area thîs unl't consists predomìnately of clastíc
rocks .

Thr's period represents a severe shallowing of the seas (i4ccrossan

and Gl arìster, I 964 ) .
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Regional Mjssissippian Structure

The lljssissìpp'ian strata of southwestern Alberta form a ìarge

portion of the Front Ranges of the canadian Rocky Mountains. During

thrust'ing of the Laramîde 0rogeny the Mississîppian formatjons behaved

as a structurally competent package of sedlments. The Mississippian

tends to form e'longate çlently undul at'îng antîcl Ìnes , syncl i nes or domal

structures such as that occurring at Moose Dome. Internal deformation

of Mr'ssissippian formatlons is genenal ly s'lîght to moderate,

In contrastu the 'less competent Jurassic and Cretaceous strara

became activeìy involved 'in thrusting, and internal deformation can be

severe.

The west limb of Moose Dome is bounded by a thrust fault of major

proport'ions termed the Prairie Mountal'n Thrust Fault.

L.ocal Mj-ssissi ppian S!.ratigraphy and Structure

The creek bed of Canyon Creek provides a good cross-section of the

local structure at Moose Dome. The lrlîssissippian strata in the core of

the dome are essentially flat 1ying. The western limb dips uniformly

30o to 35o to the west while the eastern limb rìs apprectiab'ly steeper

and locally dips as much as 60o eastwards, The oldest exposed strata

are flat lyîng units of the Banff Formation located alonq the creek bed

of Canyon Creek in the core of the dome"

Et'oslìon has not complete'ly penetrated the Banff Formation and thus

no exposures of the Exshaw Formation occur in the vicinity of the study

area. Only the upper 50 metres of the Banff Formati'on are exposed.

Above the Banff the contact with the overlying Pekrisko Formation is
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generally sharp. Cut and fìll structures with'in the lowermost units of
the Pekisko have been described by t'fiddleton (lgos). The pekisko

Formatìon is lll metres thîck at l4oose Dome and is a prominent cliff
fonmer.

Overlyrtng the Pekîsko are 7l metres of the recessive shunda

Formation. The Turner Va11ey Formation is 115 metres thîck at trloose

Dome .(Beach, 1943; ¡4iddleton, l963), However, on the western limb of
the Dome a thnust fault has produced repetitîon of lower Turner Val1ey

beds and a structural thickening of the Turner valley Formation ro

166 metres occurs. The thrust fault occurs within the mjddìe portion of

the formation, but the actual fault trace is obscured by regoìith within
a gu11y extendl'ng up the north facing slope of prairie Mountain. 0n

either sl'de of the gu1]y exposed beds have bedding attitudes disturbed

in a manner sîmÌlar to drag foldîng and small open sJ/nclinal flexural

folds are also developed.

Overlying the Turner Va1ley Formation are 160 metres of the Mount

Heac.l Formation. Numenous covered intenvals occur throughout the formation.

The ltlount Head Formation is unconformabiy overlain by black carbonaceous

and phosphatlìc shales of the Jurassic Fernje Group.

0bjectives of Study

The purpose of this study is to examlìne the interrelationships

ex'ist'ing between original depositional env'ironments, diagenetic h'istory,

and the resultant modification of porosity" The upper port.ion of the

Shunda Formation and the entire stratigraphic interval of the Turner

Valley Formati'on were chosen for study because they span a variety of
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depositional envinonments of carbonate sedimentation and because they

d'ispìay economically attractive poros.ity and perreubility develop-

inent r,vi thin the subsurface of Alberta.

Methods of. Study

Sections wene measured in the field by means of a metric Jacobs

staff. One hundred and seventy hand samples were taken from outcrop

units and from these both polished slabs and thlìn secti'ons were prepared

in the laboratory, Thîn sections were stained using the method of

Dickson (lq6S) to accentuate the textunes and structures and to determine

the composition of both grains and cements. Insoluble residue tests

were conducted on four samples dissolving the carbonate'in 5 percent

dilute HCl" Conventional porosity and permeability analyses were performed

on twenty samples by core Laboratonies, canada Ltd", of calgäFV, Alberta"
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CHAPTER 2

Ljthofacies and Env'ironmental Interpretatjon

Introduction

Rock units within the study area have been classified according to

Dunham''s (1962) classifîcation of carbonate rocks based on the'ir orig'inal

depositional texture. llinor units of calacareous siliclastic rocks such

as calcareous siltstones and calcareous shales occur wÍthin the strati-
graphìc sequence neasured. They have not been p'laced jn Dunham's (1-q6?)

scheme but their environmental interpretation has been integrated vrjthin

the carbonate mode'l presented for Mississippian sedimentation.

One of the principal divisions of Dunham's (1962) classification

for carbonate rocks is based on whether the nock is grain supported

(grainstones and packstones) or whether it 'is mud sunported (mudstones

and wackestones). |'.lith this context in mind, the sediments studied have

been divided 'into six lîthofacies assemblages described in detail below

(Table I ).

Gra i ns tones

This facîes is comprised of a mud-free, grain supported sediment.

The grains consist of pe1'ìets, pelletoids, oo1ìtes, oncolites, b'ioclastìc

debris or intraclasts" The absence of any intergranular mud r,rìthin these

sediments iìirplies a high degree of hydraulic sorting. Any mud which may

have been present, has been flushed from these sediments and allowed to

settle in areas of lower energy.
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TABLE 1. LITHOFACIES ASSEMBLAGES

PRESENT WITHIN THE SHUNDA

AND TURNER VALLEY FORMATIONS

GRAINSTONE LITHOFACIES
i} ECHINODERM GRAINSTONES
¡i} SKELETAL GRAINSTONES
iii) PELLETAL GRAÍNSTONES
iv) ONCOLITIC - OOLITIC GRAINSTONES

PACKSTONE LITHOFACIES
i} ECHINODERM PACKSTONES
ii) SKELETAL PACKSTONES
i¡i} PELLETAL PACKSTOf{ES
iv) ONCOLITIC PACKSTONES

WACKESTON E LITHO FACI ES
¡) ECHINODERMWACKESTONES
ii) SKELETAL WACKESTONES
¡¡¡} PELLETAL WACKESTONES

MUDSTONE LITHOFACIES

CALCAR EOUS SI LTSTON E LITHO FACI ES

CALCAR EOUS SHALE LITHOFACIES
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Four majn varieties of orainstones are present withjn the sedjments

studi ed.

i ) Echinoderm Gra'instones - Th js facies typically consists of rnass'iveìy

bedded (0.6 to 4 m) resistant units of medium-grajned (0.25 mnr) to very

coarse-grained (2 mm) echinoderm detritus" Bedding planes are 'indistjnct,

cross-bedding 'is rare and interbeds of echinoderm packstones are common.

Terrigenous clastîcs are absent. The echinoderm plates and ossicles

shor,r little or no signs of abrasion indicating they are iargely'in situ
deposi ts . l'licr j t'ic coati ngs on graì n surfaces are usual 1y absent or el se

oniy poorìy deveioped. These units were probabìy deposited in the reclions

of highest current energy on the open shelf environment in whjch crinoid

thi ckets commonl y fl ourîshed .

ii) Skeletal Grainstones - These units are developed in two manners" The

first type occurs as thin beds (o.l to 0.5 m) with good to very good

bedding which commonìy show grading and occasionaì'ly cross-bedding. Rare

solitary corals are found, interbedded with other thin and well-defined

beds of skeletal packstones, wackestones, and lime mudstones. The

majority of the sediment grains are from skeletal debris but peìlets

and intraclasts are common. Faunal assemblages are diverse and include

echinoderm plates and ossicles, fenestelled bryozoan fronds, brachiopod,

gastropod anci pelecypod shell detritus, and rare foraminiferal tests.

These units are interpreted to have been deposited withjn high

energy zones of the open shelf environment in which normal marine

sal i ni ties and ci rcul ati on patterns prevai I ed.

A second type of skeletal grainstone occurs as thick massive un'its

dísplaying cross-bedding. As with the first type, a diverse faunal
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assembl age i s present 'i ncl udi ng ech'i noderms , bryozoans, brachiopods,

and foraminifera. These units d'iffer in that they contaìn abundant

dasyc'ìad algae detritus, oolites are common, oolìtic coat'ings on

grains are common, and grain surfaces are extensively micritized and

abraded. Non-skeletal grains incl ude pe1 ìets, pel loids, and micritic

lumps" These gra'instones occur as interbeds with skeletal packstones

which d'ispìay similar bedding characteristics and grain textures as

the grainstones.

These units represent a reworking by currents of the ooen shelf

sediments into mechanical buildups of shoals or linear bars.

'iii) Pelletal Grainstones - These grainstone units occur as well bedded

and very thin (0"05 to 0.1 m) interbeds or as sediment in cut and fill
structures within sequences of pelletal-birdseye packstones, pelletal

waskestonesu mudstones or oncolitic packstones to grainstones.

l4inor scale cross-bedding is occasionally developed. Small amounts

of terrÍgenous clastic materials are usually present" constituent

grains are composed of micrite and grain shape can be quite variable,

from spherîcal or oblate to irregular in form. Usual size varÍations

are from 0.02 mm to 0.4 mm, but it is not uncommon to find grains as

large as 0.7 mm in diameter. l4any of the more sphericai or oblate

grains are probably of feca'l origin but a significant proportion may

have originated by m'icritization of fine skeletal debris (e.g.,

Bathursf , 'l 975, p. 85 ) .

These sediments are thought to have formed by the sorting and

washing by waves and tidal currents of pelleted muds accumulating in

the shal lov¡ subtidal or i ntertl'dal zones.
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jv) 0ncolitic - 0olit'ic Grainstones - Thjs facìes consists of very thr'n

inierbeds (0.01 to 0..l nr) lvithìn sequences of oncolotic packstones,

peì ì etaì -bi rdseye packstones, pel I etal wackestones and I ami nated

mudstones. 0ccasional ly, thìs sediment type fi I I s smal I scour channel s

which have cut up to l0 cm into the underiying sediments. pellets,

pel'letoids and micritic lumps which vary in shape. from spher.ical or

ovoid to irregular and vary in size from 0.15 to 2.c mm form a

significant proportion of the sediment" These grains usualìy have thin

superficiaì oolit'ic coats developed on their surfaces, whjch vary in

thickness from 0.cl to 0.c2 rnm. As many as three separate coatings

can occur on any given graìn.

0ncolrtes vary in s'ize from 1.0 to l0 mm and can be spher.ical ,

elliptîcal or irneguìar in form. They are concentrically laminated

with laminae vary'ing from 0.04 to 0.2 mm in thickness" Individual

lamellae occur in one of three forms: l) as concentrically radiating

calcite crysta'ls approximately 4 by 20 ¡m in 'length; 2) as layers of

dense mícritic carbonate; or 3) as a clotted mesh of light and dar:k colored

crystals of microcrystalline calc'ite. The latter, clotted mesh ma¡r

represent preservation of b'lue-green algae filaments. Individual

lamellae vary'in color from light to dark gray under plane polarized

f ight. The darker lamellae are possib'ly richer in semfopaque to opaque

incl usions.

Many oncolites have a compound nuclei formed from several smaller

oncolítes and contain desíccation fractures indicating periods of

subaerial exposure.
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Associated ev'idence for an al gaì origin of these grar'ns js the

cornmon occurrence of preserved I(amaenjd algal filaments and the close

associ at'i on of these uni ts wi th stromatol i te occurrences .

0ncolites are a feature associated with the high energy zone of

the low intertidal to shallow subtidal regime or w'ithin the margins of

supratidal ponds (Friedman et al, lg73).

The grain supported nature of these sediments and the presence of

oolitical'ly coated grains suggest these deposits may have been reworked

and deposîted în tidal channels which cut across the intertìdal zone.

Packs tones

This rock type is comprìsed of grain supported sediment in which

mud-sized carbonate material is present in the intergranuìar pore spaces.

constituent grains include peììets, pelleto'ids, intraclasts, oolites,

oncolites or skeletal debris. These sediments orig'inate within a

zone of energy sufficiently high to produce a sorting and packing of

the grains but of insufficîent strength to remove all of lthe carbonate

mud-sized material from the sediment.

Four main varieties of packstone are present wíthin the strati-
graphic interval studied.

i) tchinoderm Packstones - Except for the pì^esence of intergranular

mud-s-ized carbonate material , these units are s'im'ilar in respects to

the echinoderm grainstone facies previous'ly described. The facies

typicaì]y consists of massive thick bedded (0"6 to 4 m) resistanr

units of medfum grained (0.25 mm) to very coarse grained (Z mm)

echinoderm plates and ossicles. cross-bedding is rare and frequent
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interbeds of echinoderm plates and ossicles show little or no signs of

abras'ion, indicating therv are largely jn sjtu deposìts. lilicrjtr'c coatings

are ejther very poor'ly developed or are absent aìtogether.

These deposits origìnated in the open shelf environment adjacent to

the areas of highest current velocity where crînoid thickets thrived.

ii) Skeletal Packstones - These sediments are identical to the two types

of skeletal grainstones previous'ly described except for the presence

of intergranular and intraskeletal mud. They accumulated in the same

envii"onments as their grainstone counterparts: in areas of reduced

energy where the mud faction could not be winnowed fror¡ these sedjments.

iii) Pelletal Packstones - These units have moderate to poorìy defined

bed boundaries, in thin to thick (0.3 to 1.5 m) beds within sequences of

laminated or birdseye mudstones or wackestones. Poorìy defined cross-

bedding and laminatjons are local'ly present. In outcrop surfaces, these

beds appear similar to pelletal wackestones or even mudstones but

microscopic examination reveals a packing of micrite grains such as

pellets, pelloids, lumps and intraclasts containing intergranular mud-

sized carbonate materìal .

l'linor amounts of bìoclastic debris such as ostracods, gastropods,

calcispheres and aìgai filaments are usually present. Thin micrjtic

coats are developed on man¡r of the skeletal grain surfaces.

Pellets and pelletoids are generaìly spherical or elongate in form

and vary in size from 0.02 to 0.7 mm" Smalj amounts of quartz silt are

usualìy present within the matrix or within the'intraclasts of these

sediments.
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lvlost of the pel I etal packstones contain smal r augen or patches

(l to 20 mrn jn djameter) of clear sparry caìc'ite. The patches are

sharpìy defined and have a variety of shapes. They commonìy form

irregular lenticular bodies w'ith their long axes ìy'ing in the plane of

bedding and fiìl voids which appear to have been squeezed between and

around pellets. The patches are often interconnected vja thin fílms

of calcite. The origin of these augen birdseye structures is discussed

within Chapter 3.

The peì I ets which form these packstones probab'ly orig'inated wi th j n

the shallow subtidal zone where the action of mud scaveng'ing organisms

lvas intense and the production of fecal pelìets high. However, pe'lletal

packstones can be found from the open shelf to high ìntertida] environ-

ments

iv) 0ncolitic Packstones - These units are similar in desc¡iptÍon to

the oncolitic - oolitic grainstone facies previousìy described with the

exception of three important features. These features include the

presence of mud-sized carbonate material, a scarcìty of oolites or

oolitic coated grains, and the common occumence of pellets, pelloids

and bîrdseye structures.

The increased amount of carbonate mud and paucity of oolitic
coatfngs within these sediments indicate they accumulated in an

environment of lower energy than the oncolitic - oolit'ic grainstone

facies. The pnesence of birdseye textures within these units suggesr

that they accumulated within the intertidal or supratidal environments

of deposition.
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l,Jackes tones

According to Dunham (1962), a wackestone js a mudstone (micrite)

in rvhich the grains (allochems) are mud supported and comprise at least

ì0 percent of the sediment by volume. Allochem types include pellets,

pelletoids, lumps of lithified carbonate rnaterial and bioclastic debris.

These sediments are believed to have accumulated in regimes of low

energy. Three main varieties of wackesiones are to be found within the

study area:

i) Echinoderm Wackestones - Thl's facies typicalìy consists of units

d'ispìayjng fair to good bedding. Beds are from 0.5 to 2 n in thickness

and contain medium-grained (0.25 nm) to very coarse-gra'ined (2 mm)

ech'inoderm fragments floating'in a rricritic carbonate matrix. Sedìmentary

structures such as laminations and cross-bedding are localìy conspicuous

and these beds are found interbedded with echinoderm grainstones and

packstones, skeletal wackestones and mudstones.

Indications of burroling are common. Some echinoderm particìes

show signs of pitting and abrasjon indicating soûre degree of transport

and reworking. lvlost echinoderm fragments, holvever, have smooth unpi.tted

surfaces, and it is not uncommon to find crinoid ossicles joined

togethen, intact crinoid stems, or preserved crinoid ca'lyxes. These

features are key indicators of a low energy environment.

0ther skeletal debrjs, mainly of bryozoans and brach'iopods, occur

in minor amounts within most echinoderm wackestones" bJjth increasing

amounts of skel eta'l debri s , this facies grades tnans j ti onal ly 'into a

skeletal wackestone.

Solitary horn corals and colonial syringopora corals occur within

this facies. In some instances, intact syringopona corals are preserved

in their growth positions
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This facìes is composed largeìy of an in situ accumulation of

grains. They were probabìy deposited adjacent to the areas colonized

by thickets of echinoderms in the quìeter waters of the open she'lf

envi ronment.

ií) Skeietal Wackestones - These units have similar beddíng character-

istics to the echinoderm wackestones" They occur as interbeds with units

of skeletal grainstones and packstones, echinoderm wackestones ano

muds tones .

There is an abundance of fine-grained (0.12 mm) to very coarse-

grained (2 mm) skeletal debris present, compn'ised of bryozoans,

echinoderms, brachiopods, gâstropods, pelecypods and rare foram'inifera

tests. Grain surfaces show few signs of abrasîon, pitting or micritization.

Evidence of burrowing is widespread and the sediment usual'ly contaíns

pe1ìets, pelletoids, and ìumps" These units were deposited in quieter

portions of the open shelf environment or within portions of the

restricted shelf on laqoon.

iii) Pelletal Wackestones - This facies typicaììy consists of well defined,

thin (0.1 m) to medium thick (0.8 m) beds which show extensive signs

of burrowing and reworking. l,Jel I defíned laminations are local ly

conspicuous. Birdseye structures and fenestral fabric are often presenr.

It{any of the birdseye structures are flat-floored due to a partía'l in-

fi1ìîng of the fonmer voids by mud-size carbonate material. Bioclastic

debris is very fine (0.06 mm) to medium (0.25 mm) in sjze and consists

of a restricted faunal assemb'lage of ostracod, pelecypod and gastropod

shell remains. Calcispheres and remajns of the bìue-green aìgae
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Proni nel I a are common. Argi I I aceous materi al , QUârtz or fel dspar sì ì t

and anhedral quartz crystaìs are present and can const'iiute up to'15

nannani nf tho sediment. Pellets, peìletoids and'lumps can fOrm up tO

40 percent of the sediment.

These units occur within sequences of laminated or massive bedded

mudstones, skeletal wackestones, pêlletal packstones and silty crypto-

crystal I ine dolomites.

Pelletal wackestones can form in either the subtidal or íntertidal

settings where energy condi tions are fairly 'low.

Muds tones

As defined by Dunham (1962) this facies is comprised of mud-sized

carbonate material containing fewer than 10 percent allochems.

The facies usually consists of thin, well defined beds from 0.1 to

0.4 m in thickness, within sequences of skeletal and pelletal wackestones,

cryptocrystalline dolomites and peìletal packstones. Laminatjons and

cross-laminations can be present; however, many of the mudstones have

been Íntensely burrowed.

One bed of finely laminated argi'llaceous and dolomjtic mudstone

displayed well developed symmetrical ripp'le marks on its upper surface.

Floaiing grains within the muds are scarce and include pel'ìets,

peììetoids, intraclasts, or nore rarely, molluscan skeletal debris.

Argi'llaceous material and terrigenous clastic silt-sized graìns of

quartz or feldspar are usualìy present ín minor amounts of 5 to l5 percent.

Under mìcroscopic examination, the carbonate mud consists of equant,

anhedral calcite crystals with díameters from 2 to 8 pm
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muds probabìy accumulated withìn an

while the more massive and burrowed

in the subtìdal .

intertidal to

muds are thought

Calcaneous Siltstones

Two thin unl'ts of very well bedded calcareous siltstone occur.

Both contain larninations and cross-lamînatîons.

0n the upper surface of the thicker unit there are well-defined

symmetricaì ripp'le marks with amplitudes of I mm and wavelengths of

I cm. The surface is also pitted, poss'ibly by rain drops or hail.

The s'i'lty materìa'l consists of detrital grains of quartz, dolomite,

pìagioclase and potassium feldspar. l{ost quartz grains have un'iform

ext'inctîon and are probab'ly of an îgneous orîgin, but some exhibit an

undulose extinctîon jndicating source from a metamorphic terrain. The

matrix consists of argillaceous material and carbonate mud.

cloudy and inclusion-nich dolomite crystals from l0 to .l40 
¡m in

size constitute up to 30 percent of the sediment. The smaller gra'ins

have anhedral forms while the larger crystals are subhedral in outline.

Zoning is common within the dolom'ite crystals and many crystals

exhibit rounded incluslìon-rich cores. Some dolomìte crystals are well

rounded and have abraded and pitted surfaces.

The siltsontes are associated with beds of cryptocrystalline dolomites,

lamfnated mudstones, and pelìetal wackestones, and are believed to have

accumulated with'in the intertidal or supratidal environments.
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Cal careous Shal es

A few thin beds of calcareous or slightly dolomitic black shale

occur as very th'in (l to 3 cm) well bedded, fissile, recessive,

partings rv'ithin si 1 ty and argil laceous dojomitic wackestones or

mudstones.

In one ínstance, â 3 cm th'Ìck shale break is developed'in a sequence

of coarse-grained oolitic skeletal packstones. The shale parting is

irregu'lar in its form and cross-cuts bed boundaries of the oolit'ic -
skeletal sands. This shale parting may nepresent a break in carbonate

deposition accompanied by an influx of terrigenous clastic material "

A single thick shale bed occurs within the strata examìned. The

unit is 0.4 m thick, well bedded, fissile, locally laminated, recessìve

and varies in color from a grayish hue at its base to a greenish hue at

its top. Laminae of argillaceous dolomîtic mudstones occur r,rjthin the

unit. This shale overlies a 6 cm thick unit of dense cryptocrystalline

dolomite mudstone whose upper port'ion is formed of angular chjps and

clasts of dolomite. The upper surface of the dolomite is irreguìar and

iepresents a possible period of subaerîal exposure and weathering.

Similan green shale facies have been described by ilavard and

0ldershaw (1976) in the Devonian Snipe Lake reef compiex deposìted

in quiet, stagnant waters adjacent to areas of supratidal weathering.

)ummary

The Shunda and Turner Valley Formations are comprised mainly of

carbonate grainstones, packstones,wackestones and mudstones with lesser

amounts of calcareous siltstones or shales. Depositional environments
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jnclude the high and ìow energy open marine, marine shoals or bars,

restrjcted shelf or lagoon, intert'idaì and the supratidaì environment.

Inserts A and B, located at the rear of the text, are detailed

lithologic strip charts which relate sediment characteristics to environ-

ments of deposition.
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CHAPTER 3

Environr¡ents of Depositjon

I ntroducti on

The various lithofacies assemblages and their environmental

interpretations have been partiaì'ly described within the previous

chapter. Chapter 3 demonstrates that the vert'ical sequence of

facies represents a pattern of regressions, transgressions, and

diastems. These facies transitions occur in both an abrupt and a

qradational manner.

The General Depositional Model

Generalized depositional models for Mississippian sedimentation

within southwestern Alberta have been constructed by I11ing (1959),

Macqueen and Bamber (lgøl), and Mamet (1976).

The writer has presented a modified model incorporating various

aspects from each of the three previous models (Figure 4). The model

is comprised of five generalized depositional environments. The

approximate order in v¡hich these occur, proceedÍng from the open

marine toward the land, is as follows:

i I nnon chal f

ii) offshore oolìtic sand bars or shoals

iii) restricted shelf or lagoon

iv) beach and intertidal

v) supratida'l
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The characteristics assoc'iated with each deposit'ional environment

are summarìzed'in Figure 4. In general, any one characteristic is not

diagnostic of a sing'le depositional environment. Using several

characteristics in conjunction, however, is suffic'ient to del ineate

a sediment's deposîtional site withîn the overall model.

Environments of Deposition of the Shunda Format'ion

I ntroducti on

Sed'imentation during Shunda time is represented at Moose Dome by

an accumu'latjon of sediments within the ìagoonai, intertidal, beach,

and supratidal settings (Figure 4). Sediments of an intertidal or

supratidal origin are volumetrically the most abundant.

The generaì pattern of sedimentation during Shunda time at Moose

Dome was one of broad,shal'low systems of ìagoons grading ìandward to

extensive areas of intertidal mud flats and supratidal sabkhas

(iVacqueen et a1,1972)" A slight lowering of sea level would result jn

the isolation and exposure of lagoonaì and intertidal sediments to the

supratidaì envi nonment"

Macqueen et al , 1972, indicated some form of topographic or

bathymetric feature such as a system of offshore carbonate shoals must

have been present. These shoals sepanated the shallow ìagoon-sabkha

compìex on the landward side from the open marine on the seaward side.

The Shunda outcrop exposed in the quarry consists of five

depositional cycles. Each cycle is an upward shallowing sequence.

Individual cycles are from 2 to B m in thickness. They consist of

lagoonai or intertidal sed'iments at the base and grade upward ìnto

întertjdal or supratidaì sed'iments at the top (insert A).
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Lagoona'ì Sediments of the Shunda Format'ion

Sedinrentation within lagoons consisted of depositjon of fine-graincd

skeletal or peìleta'ì wackestones, mudstones or pelletal packstones.

Evidence of burrowÌng withìn these sedìments js widespread (Plate 1-2).

Intensive burrowing has usually obliterated all other primary bedding

structures. Gastropods, pelecypods, and ostracods comprise most of the

skeletal debnis. Pellets, pelloids, and micritic lumps are the main

non-skeletal grains.

Iìling (1959) feels a large proportion of the pelloids are fecal in

ori g'in, r,vhi I e Beal es (l 958 ) , 'interprets them to represent an ì norgani c

in situ aggìutination of precipitated carbonate needles jnto grains or

'bahamiths'. Howeven, the presence of skeletal debris and abundant

burrows within these sedîments suggests to the writer that I11ing's (1959)

proposed fecal origin of these graîns is more probable"

Abundant calcispheres occur within these sediments" In the opinion

of Petryk and i'lamet (1972) and Bathurst (ì975, p. 70), many calcispheres

respnesent the preservation of a1ga1 spore cases. Preserved alga'l

filaments similar in description to the Dasycìadacean algae specr'es

Kamaena described by Petryk and Mamet (1972, pp. 777-779) occur w'ithin

the lagoonal and intertidal sediments (Plate l-3). Aìso present, are

abundant thalli of the a'ìgae species Proninella (Plate l-4). The thalli

exhjbit an irregular contorted shape possìbìy due to colìapse during

retraction of euxinic muds during lithification (Mamet,1976, p.27).

Local thin streaks of fenestral porosity and calcite-filled birds-

eyes occur indicating.these sediments were exposed, part of the time,

to the supratidal or intertidal environments.
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Intertidal Sediments of the Shunda Formation

In many'instances, it js difficult to establjsh if a g'iven bed has

been deposited within the jntertidal settjng or if jt was orjgìnally
depos'ited within a lagoonaì settîng and later subjected to processes

actìng w"ithin the ìntertidal environment.

intertidal sediments are genera'l'ly wel I bedded and contain

laminations, cross-laminations, birdseyes, fenestrae, vertical burrows,

irregularly'laminated algal mats, stromatolites, and rip-up c'lasts.

Th'in beds of oncolotic or ool'itic grainstones and packstones occur

(Plates 1-5, 1-6,2-1).

The bjrdseye structures within muds are common features (p1ate ?-Z).

Iìì'ing (1959), proposed an origin by synerîsjs to be the most likely
process to have created the bîrdseyes. Soon after the sedîment was

depos'ited and a few centimetres below the soupy surface condjtjons

withjn the subtidal, water ciroplets segregated from the sediment. The

water'droplets, preserved by the plastìc strength of the mud were

subsequently fì11ed by a sparry calclìte augen. Many.of the birdseyes

are connected by thin films of sparry calcite whîch Illing (19s9)

postu'lates to be the escape paths of the migrating water droplets.

I11ìng ('|959),also mentions a gas bubble origÌn as being a

possible means of formatîon of the birdseyes. The wrl'ter believes

this is the more probable means for formation of the bjrdseyes and

that they are not of a lagoona'l origin. Rather, they formed within

the intertjdal and supratl'dal zones through gas generation produced

within the sediments by rotting algal tissue. The formatíon of

bìrdseyes within the supratidal and sometimes wjthin the intertjdal
zones, but not within the lagoonal environment, has been documented

by shinn [l 968) based on studfes of Recent carbonate sediments.
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Shinn (.l968) recognized tyo kinds of birdseye structures:

i) platrarisoìated vugs I to 3 mm high by several mill'imetres jn wjdth,

produced by shrinkage result'ing fronr desiccation of exposed sedl'ments; and

ii) isolated more or less bubblelike vugs I to 3 mm in diameter produced

by the generation of gas in a sediment from decomposing organic matter.

l'lany of the birdseyes are partial]y or compìete1y infìlìed by

pellets or carbonate mud prÌor to the precipìtation of sparry calcite

cement. ltlany of the paritally infilled birdseyes exhibit geopetal

structures having fìat bottoms. Thus, 'ìarge volumes of water were

capabìe of flush'ing these sediments and transportìng materiaì into the

bi rdseyes .

Sedir¡ents of an infratidal origin frequent'ly occur as interbeds

within intertidal sediments. In this study, the term infratídal is used

to denote sediments whi ch accumul ated wi th'i n the I ow i ntert'idal to shal I ow

subti dal transi tion zone. l^li thin thi s envi ronment are found beach depos'its

of oncolit'ic-oolitic grainstones occurring as thin, well-defined beds

with low angle cross-bedding, minon cut and fill structures probably

produced by small tidal distributory channels (Plate 2-3) and the

development of stromatolites.

A single occurrence of stromatolite development occurs with'in the

Shunda intertidal sediments. The stromatol'ite is 1.5 centimetres thick

and consj sts of I ateral ly I i nked hemi sphero'i ds . The stromatol i te i s

laminated and contains fragments of skeletal debris and pellets.

The extent of which algaì laminated deposits are preserved 'is

related to salinity controls on the intertÌdal dìstribution of graz'ing

and burrowing invertebrates (l{azullo and Friedman, 1977). These
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invertebrates tend to thrive'in areas of near normal salinities, and

rvjll thus, destroy the laminated nature of the aìgaì mats. In contrast,

alga'l-laminated deposits are well preserved in those environments of

elevated saljnities which the algal-scavenging invertebrates find

inhospitable.

Petrographic examination of Shunda intertidal sedîments dîscloses

the infrequent occurrence of fractures infilled with sparry calcite

cement and micritic carbonate (Plates 2-4, 2-5). The fractures are

about I mrn in thickness, several centîmetres in length, ane slightly

undulatory and generally para'l1eì the bedding. These fractures are

thought to be sheet cracks produced by desiccation and shrinkage of

the sediment during periods of subaerial exposure. The floors of the

fractures are mechanically infilled with carbonate mud or pe'llets. In

some instances, the mud and pe'llets are observed to have filtered down

into the sheet cracks through over'lying birdseyes or burrows (Plate 2-5).

The upper portions of the sheet cracks are infilled with a sparry

calcite cement (P1ate 2-6). The cement consists of scalenohedral

crystaìs of sparry calcite which nucleate both on the ceilings of the

fractures and upon the geopetaì iayer of mud and pe'llets washed onto

the floors of the fractures.

Supratidal Sediments of the Shunda Format'ion

Volumetricalìy, sediments of a supratidal origin are least abundant

within the Shunda section examined. They are found in the uppermost

poriions of each of the five cycles (insert A)"
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Cycle I is terml'nated by a greenish shale 0.4 metres in thickness.

The shale disconformabìy overlies a bed of cryptocrystalline dolomite.

The dolom'ite is very s'iìty and has an irreguìar upper erosional surface

upon whìch are scattered abraded and rewonked clasts of the dolom'ite

(Plate 3-l). The dolomite is friable and weathers a yeìlowish-red

col or

Cycles 2, 3 and 4 also have irreguìar upper surfaces upon which

thin recessive weathering ca'ìcareous shales were deposited.

A subaerial laminated crust occurs 1.6 metres below the Shunda-

Trrrner Vallev contact llnsert A)- The r¡nncn nnrtion of the crust hasrq¡,vJ w '\r. i,",

been partÌaì'ly removed by a stylol'ite surface. The crust is I to 2

centimetres in thickness and rests on an erosional surface developed

within a birdseye-pelletal wackestone of intertidal origin (Plates 3-2,

3-3). The erosional surface is undulatory, sharp, and transects both

matrfx and grains. Immediately below the curst, dissolution of dolomite

rhombs in the wackestone has taken p1ace. The crust'is dense and consists

of irregular laminations. Petrographic examination reveals the laminations

are due to differing amounts of organíc and argillaceous materials.

Abundant silt-sized particles of detrital quartz occur. They disp'lay

pitted and corroded surfaces and have undergone rep'lacement by m'icritjc

carbonate. Laminated crusts are believed to form on bedrock surfaces

beneath soil horizons, by downward percolating meteoric waters

(Mul ter et al , I 968) .
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Summarv of Shunda Formation Sedimentation

That low energy conditions prevailed during Shunda sed'imentat'ion

at l4oose Dome 'is attested to by the abundance of mud-sized carbonate

materìal and the paucity of coarse-grained material within the sediments

studied" The various sediment types, structures and fabrics all
indicate deposition occurred within shallow lagoons, intertidal mud

flats or the supratidal environment.

sedimentation was cyclica] in its nature, grading from subtidal

depositîon into întertidal and then supratidal sedimentation. Frequent

periods of subaerial exposure subjected Shunda sediments to a d'iffering

suite of ear'ly dìagenetic processes than for the Turner Val'ìey Formation,

as will be discussed later in this chapter.

Environments of Deposition of the Turner vailey Formation

Introciuction

Turner Valìey sediments at Moose Dome accumulated primarr'ly in the

open marine environment. Normal marine salinities and circulation

patterns prevaîled (Figune 4).

The shallow lagoons and tîdal mud flats of Shunda times became

inundated with the subsequent development of broad systems of open

marine banks and shoals" Echinoderm thickets and bryozoans proliferated

in the areas of strongest water circulation and aeration (l.lurray ano

Luci'a, 1 967) .

In the highest energy portions of the open shelf occur bars or

emergent shoals comprised of ooliticaìly coated grains (p1ate 3-4).
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These sand bodies may have acted as effective barriers to open marine

circulatjon patterns ancì be responsible for the development of restricted

shel f or 'lagoonaì sediments on thei r I andward s'ides.

hlithin the upper portion of the Turner Val'ley at l4oose Dome, occur

restricted lagoonal, intertidal and supratidal sediments.

Open Shelf Sediments of the Turner Valley Formation

Open she'lf sediments can be subdivided into high energy and low

energy deposits. The low energy deposits contain hìgh amounts of

carbonate mud-sized material and form poorìy sorted wackestones and

mudstones. These sediments are commonìy argillaceous or s'iìty. Usualìy,

they occur as thin and wel I -bedded uni ts I ocal ly d1spl ayi ng I am'i nations .

Commonly, holvever, Ìntensrlve burrowing has destroyed a1l sedimentary

lamination. A high faunal diversity 'is characteristic cf these sediments

and includes echinoderms, brachiopods, bryozoans, ostracods, gastropods,

foratn'inifera, and abundant soìitary horn corals and colonial syringopora

corals. Corals can often be observed in their growth positions. Heckel

(1972), feels that the presence of in situ corals is a good'indicator of

open marine sedimentation" Crinoid ossicles and plates are commonìy

still connected. Most of the skeletal fragments have relatìvely "fresh"

surfaces and disp'lay little evidence of abrasion and transport.

In contrast to the low energy deposits of the open shelf, tnose

of the high energy regime contain an abundance of sand-sized material.

They form well sorted grainstones and packstones r,¡hich lack argillaceous

material. They occur as thick massive units which commonìy are cross-

bedded.
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The high energy open marìne deposìts are similar to those of the

low energy in that they contain a hìgh faunaì dîversìty. Crinoid

fragments are extreme'ly abundant, often compnising as much as 70

pencent of the total rock volume (P1ate 3-5).

l4arine Shoals or Bars of the Turner Valley Formation

These sediments are thought to have accumulated in linear offshore

bars or within broader shoals. They occur as poor'ly bedded, locally

cross-bedded units of skeletal grainstones or packstones. Fossils are

abundant and include echinoderm, bryozoan, brach'iopod, foraminifera,

and gastropoci detritus. Abundant micr itic lumps are present. They

differ from high enengy open marine deposits in the following aspects:

i ) oolites are present; ii) grains are usually ool'itically coated;

iii) skeletal grains are commonly abraded and their surfaces are

intensely micritized by algae; and iv) dsyclad alga1 detritus is comrnon.

Petryk and l4amet (lglA), observed algal lime boundstones within

this facies of the Liv'ingstone Formation. Intense micritization of

gra'in surfaces impl ies extensîve col oni zation of sediments by a'lgae

(Bathurst, 1966).

Ihtertjdal and Supratidal Sedîments of the Turner Valley

Formation

This facies consists of thin and well-bedded units of mudstones

containfng fenestral and birdseye fabrìcs. There ìs a paucìty of

fossil debris other than calcispheres but"an abundance of pe'l1qts,

pel:i o'ids and intraclasts. This facies is found only in the upper-

most 30 meires of the Turner Valley Formation.
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Rip-up clasts, crinkly algaì laminations and vertical burrow

svstpms are local'ì v cnnc.njcuôuq- Crvntocrvstal'ì ine non-laminatedJJJUU¡|¡J u¡ u . "'J

dolomite beds are present'in this facies and may represent hypersalìne

conditîons existing within lagoons or supratidai ponds.

The Environmental Sequence of Turner Valley

Sedimentatl'on at Moose Dome

F'igure 5 summanizes the vertical sequence of Turner Valley

sedimentation at ltloose Dome. As previousiy outlined,within the

subsurface of the Plaìns, the Turner Valìey tormation consists of

three members which include: an Upper Porous l4ember, a Mìddle Dense

l4ember and a Lower Porous (El t<ton) l.lember (Penner, l958) . This three-

fold division of the Turner Val'ley Formation'is recognizable in outcrop

at Moose Dome.

I . El kton l'lember or Lower Porous l'4ember

The Elkton ltlember at ltloose Dome consists of an interbedded sequence

of high and low energy open marine sediments and open marine oolitic

bars or shoals.

The contact between the Shunda Formation and the Elkton Member of

the Turner Valley Formation js exposed in a quarry face on the east

flank of the Dome (Plate l-l)" The contact is conformable, v¡ith clean

washed crl'noidal grainstones of the Ell<ton Member (Plate 3-6) deposited

upon birdseyed lime mudstones of the Shunda.

l4urray and Lucia (.ì967), studying exposures on the east flank of

the Dome, approxirnately 2 kilometres from the quarry, noted this contact
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to be irreguìar. They noted local relief of up to ì m with overhang ìn

pìaces and interpreted this to represent erosion of the Shunda Formatjon

prìor to deposìtjon of a bed of oolr'te gra'instone of the Turner Valìey

Formatíon.

In both cases, the Shunda-Turner Valley contact indicates an environ-

mental change from the shallow water intertidal/supratidal Shunda

sediments into the high energy open marrne deposits of the Turner Valley

Fo rma tì on .

f'Jithi n the tl kton, hi gh energy open mari ne gra'instones and packstones

are ìnterbedded t¡ith 1ow energy open marine wackestones and mudstones.

Beddjng contacts between high and low energy unjts can be either sharp

or gradational (Pìate 4-l). Sharp contacts represent rapid changes 'in

the energy of deposition, whiìe gradational contacts reflect a more

gradual change in the energy of deposition.

l¡fithin both h'igh and 1ow energy deposits, echinoderm detritus js

extemeiy abundant. ltlurray and Lucia (1967), reconstructed a paleo-

ecologìcal environment for Mississippìan crinoids and blastoids. They

concluded that the density of echinoderm development was greatest

adjacent to those areas of strongest tidal flow crossing the open

shelf. The strong tidal action brings nutrients to the echinoderms

and is responsible for the removal of the carbonate mud-sized material"

The resultant sediment in these areas ìs'largeìy an in situ accumulat'ion

of echinoderm grains form'ing grainstones and packstones. Away from

areas of strong current action, the dens'ity of echinoderm growth

decreases and the amount of mud-sized materîal increases with the

resultant depositÍon of echjnoderm wackestones and mudstones. 'llJithin

these latter sediments the pneservation of intact crinoid stems and

calyxs is common (Plate 4-2)"
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!'ljthjn the tlkton l4ember are two units comprised of oolitically
coated skeletaì grainstones and packstones deposited as offshore marjne

bars or shoals. These sand bodies probab'ìy accreted to just below the

normal low tide level and acted to restrict water movement over the'ir

crests. This restriction could result in slightly elevated salìnities
and provide conditions favourable for the precipitation of oolites and

oolitic coats on grain surfaces. During abnormally 1ow tides, these

shoals were probabìy emengent. These sand bodies contain clasts of

intertidaì or supratidal birdseyed mudstones. These clasts are

relativeìy rare however, and may have been transnorted int.o thp sand

bodies havìng formed in tidal flats elsewhere.

That these sand bodies acted to restrict water nlovement ìs supported

by the occumence of very 1ow energy marine mudstones or wackestones

overlying the sand bodies. This vertical sequence would be expected

to develop by progradation of the low enengy muddy sediments over the

bar crest as the bars accreted seaward.

Murray and Lucia OgAl), measured numenous sections of'the Elkton

l4ember at l4oose Dome and found it to vary from 36 metres to 39 metres

in thickness" The Elkton section measured by the author on the r,vest

flank of the Dome is 73.6 metres thick (Insert B; and Figure 5). A

thrust fault occurs at 53.3 metres and has caused a repetition of a'large

portion of the Elkton. llo satisfactory correlation of units could be

made across this fault.

2. Mi ddl e Dense l.lember

The lliddle Dense Member conformably

is 5l metres thick. Several shear zones

overl ies the El kton l4ember and

present wìthin this member may



-43_

have produced a slight structural thickening. The l4iddle Dense t4ember

contajns lentìcular, black chert nodules (Figure 5). The Middle Dense

Member ma'inìy contains very ìow energy open marine mudstones and

wackestones interbedded with higher energy packstones and grainstones.

The most common lithologfes are fine-grained, poor'ly sorted echinoderm-

bryozoan wackestones and mudstones. l4ost beds contain from 5 to l5
percent quartz silt and argillaceous matenial. Horn corals and colonial
syringopora corals still in growth positions are common. Evìdence of
burrowing is widespread. Frequenily, the delicate fronds of lacev

bryozoans are found intact.

The Middle Dense llember represents a lowering of energy conditjons
over the open sheìf of the Elkton" Energy conditions were reduced and

the sluggish currents were of insufficient strength to remove the silts
and argi'llaceous materials transported onto the shelf. Deposiiion

occurred above wave base, hov,,ever, as preserved oscilation rippie marks

occur at 'I31.5 m (Figure 5 and Insent B).

Higher energy conditions prevailed during portions of the l,liddle

Dense time. A high energy open marine oolictic shoal occurs at gz n

and high energy open marine crinoidal grainstones and packstones occur

in the upper portion of the member (Figure 5 and Insert B).

3. Upper Porous Member

The uppermost 35 metres of the Turner Va11ey Formation, measured

on the west flank of i'loose Dome, is believed to be equivalent to the

Upper Porous f4ember of the subsurface. The Upper porous Member of the

Turner vaì1ey oilfield is approximateìy 32 m thick and consists of
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crinoidal grainstones similar to the Elkton Member (Penner, l95B).

Penner (.l958), noted the contact between the Middle Dense and Upper

Porous Members to be gradat'ional .

The author places the contact between the Upper Porous and Middle

Dense l'lembers at l3l .9 m (Insert B), just above a prominent symmetrical

ripple marked surface. No chert nodules occur above this unit. The

basal 9.5 m of the Upper Porous contain cninoidal rich sediments which

are similar to the subsurface Upper Porous of Penner (1958). l,Jithin

this unit, are beds of open marine oolitic shoals interbedded with low

ênêrfl\/ nnpn nra ri ng WaCkgS tOneS .u,,u¡ vJ vuu¡, ,¡¡u, ¡

This shoal became emergent in its uppermost portion. An erosjonal

surface cross-cuts bedding at 139.5 m (Insert B), and has 2 cr¡ of

calcareous shale deposited upon its surface (Plate 4-3). An argillaceous

lvackestone containing shale interbeds overlies the oolitic shoal and

reflects deposition in veny'low energy open marine conditions (P1ate 4-4).

At l4l .3 m (Insert B),is a-bed of buff, laminated cryptocrystall ine

dolomite mudstone. Illing (1959), interpreis this type of dolomite to

be primary, forming within hypersaline lagoons. Several of these

dolomites occur hîgher in the Upper Porous section at 150 m, 155.7 m, and

f r. , ñ\to¿.o m (rrgure 5, rnsert bJ.

The cryptocrystaìline dolomites are separated by units of lime

mudstones and wackestones of an intertidaì or supratidal origin. Skeletal

material is rare within these lìmestones and consists of forams, calci-

spheres, algal filaments and ostracods. Fenerstral and birdseye fabrics

are common. Crinkly aìga1 lar¡inations and oncolites are locally present.

Pellets, pel'loìds, ìurnps and intraclasts are very abundant. Most beds
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contain 5 to ì0 percent quartz silt. An intra-formational conglomerate

occurs at 162 m (Plate 4-5). Thìs conglomerate represents rap'id and

turbulent deposition, such as during storm conditions.

The Turner Val'ìey-Mount Head contact is placed at the top of a bed

of supratidal lime mudstone at 166.7 m (Insert B). The basal bed of the

llount Head Format'ion is a dolomite mudstone containing 40 percent quartz

silt. This bed has asy.lmetrical ripple marks preserved on its upper

surface (P1ate 4-6). The lowermost l4ount Head units are comprised of

sì1ty microcrystalline dolomites containing anhydrite. They reflect

a further shallowing of the sea resulting in evaporìtìc hypersaline

condi t'ions .

Summary of Turner Valley Sedimentation

0pen marine sedimentation prevailed throughout deposìtion of the

Elkton and l4iddle Dense Members of the Turner Valley. Energy conditions

were often high resulting in depostîon of coarse-grained skeletal

grainstones and packstones. Crinoids flourished and were the dominant

producer of sand-sized carbonate particles.

At I'.loose Dome, the Upper Porous Member is a shallow water fac'ies

comprised of 1agoona1, intertidal and supratidal muds"
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CHAPTER 4

Di agenes'i s

Introducti on

These processes ì ncl ude bioì ogical diagenesi s , neomorphism,

cementation, dolomitÍzation, sil iiifjcat'ion';'pr.essure sol:ution,

pryitization, dissolution and ear'ly fracturing associated with

compaction. lvlÍnor amounts of metamorphic alteration occur in

sediments subjected to sheari ng 'in zones of thrust fau'l ting.

The relative time relationships, between the main diagenetic

processes and theìr products has been summarized in Table z.

Dissolut'ion features are present in rocks of the shunda and

Truner Valley Formations bur due to the importance of this diagenetic

process to the creation of porosity, it is dealt with in the followinct

chapter.

Biological Diagenesis

These processes include the partiaì or compiete destruction of

internal bedding features by burrowing organisms or the alteration

of solid surfaces by organisms wlrich bore.

Evidence of soft sediment burrowing and bioturbation with mudstones

anc lvackestones of the Shunda Formation. is partìcularly weìl developed.

Non-laminated mudstones often contain the preserved bumows of mud

scaveng'ing organ'isms. It{uch of the pe'l I etal material observed wi thi n the

shunda Formation is probab'ly of a fecal origin produced by these

organisms (Iììing, 1959, p.44). The burrows occur as Írregular tube-

like bodies I to 3 mm in diameter and up to 3 cm in exposed length.
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They can be empty or infilled by a sparry calcite cement. In some

instances, they close'ly paraìle1 the bedding attitude of the sediment

(P'late 4-l ). However, in rnost cases they are oriented in a random

fashion (Pìate 1-2).

Many grain surfaces have been altered by the boring action of

microorganisrns (P'late 5-l ). Bathurst (1966), refers to this process as

micritization. chemical action by fungi or algae on grain surfaces

produces dissolution of material nesulting 'in the formation of bore

holes. The process ìs centripeta'l in fashion and proceeds from the

grain surface inwards. The empt-v bores, vacated by the borer presumably

after death, tend to be filled with micritic carbonate material.

Repeated episodes of boring and infilling with micnite will result in

compìetely'micritized' grains.

Borings investigated by the wrîter varied in diameter fnom 2 to

25 ¡m. The smaller borings, in the size range of 2 to 4 ¡m are straight

and are probably funga'l in origin (Bathurst, ì975, p. 382),

The larger bores are irregular in pattern and are probably of an

algal origin.

Evidence of bores larger than 25 ¡nr is rare. In one instance, two

borings of 0.35 mm in diameter were cbserved to penetrate a crinoid

ossicle (Plate 5-2). These borings are infil'led by skeletal debris as

well as carbonate mud" Bores of this size are attributed to the borinq

action of such organisms as arthropods, gastropods or sponges.

lrJork by Kobluk (lglí), on the role of boring a]gae indicates their

role in micrit'ization may be more complex than put forth by Bathurst.

l(obluk's observations were based on thin sections, prepared from crystals
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of lceland spar which had been subjected to a subtidal environment of

natural algal activity. He observed aìga-l fìlaments to protrude from

their bore holes on grain surfaces. Precipìtating upon the filaments

t,rere crystals of high-l'lg calcite or aragonite. In such a fashion an

outward accretion of micritic carbonate can develop on grain surfaces,

thus enlarging the grains.

it was frequently observed within the present study, that

accompanying the cenîripetal micritization of the outer gra'in surfaces

of crinoid ossicles the process v¡as also occurrino in a cpntrifr¡g¿l

fashion from the axial canal.

All observations ìndicate that boring and r¡icritizat'ion occurred

early within the sediments history and pre-dates al1 generations of

cement and dolomitization.

l'leomorphi sm

Folk (1965, p.2'l), proposed the term'neomorphism,to refer to

"all transformations between one mineral and îtserf or a poìynorph -

whether inversion or necrystallization, whether the new crysta'ls are

ìarger or smaller or sinrply differ in shape from the previous ones."

The mud-sized fraction of the sediments studied is particuiar'ly

susceptible to neomorphic alteration. The mud is usuaìiy composed of

equidimensíonal and uniforr¡-sized calcite anhedra varying from 5 ¡m

to 20 ¡m in diarneter (microspar) vrhich Folk (.l969), believes to have

developed through neomonphîsr,r of ì ¡m to 4 ¡m sized carbonate parb'icles.

Longman (1977), has recentìy studied the role of clay minerals in

facilitating the fornation of microspar from carbonate mud. During the
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burjal and ciiagenesis of the orìg'inaì aragonite of hjgh-Mg calcite, the

aragoni te i nverts to cal ci te and the hi gh-l\4g cal c'i te I oses some of i ts
magnesium to form micrite. The micrite consists of relaiiveìy equant

blocks of 'ìow-t4g calcite that have avenage diameters of about z yn.

Most of the l4g++ ions expelled from the carbonate mud during the

formation of the 2 ym calcite remaÍn in the micrite and are probably

attached to the surface of the calcite crystaìs. These Mg++ ions form

a 'cage' about the micrite crystals which fnhibits the recrystallization

and enlangement of the micrite to microspar (Longman, 1977).

Removal of Mg++ ions by clay minerals, particularly chlorite and

montmorillionite, from seawater is a known phenomenur¡ and the cìay

minerals can apparently also absorb Mg++ ions in the subsurface env.iron-

ment during diagenesis (l-ongman, 1977). Thus, the presence of clays may

great]y enhance the development of microspar by removing the cage of

Mg++ ¡enr.

l.Jith'in the sediments studied by the authon, petrographic examination

reveals greater arnounts of argillaceous impurities are present within

those portions of the sediment disp'laying the best microspar clevelopment

(Pìate 5-3). The arg-illaceous impurities occur as inclusions rv'ithjn the

microspar and as coatings on cr¡rsta'l surfaces.

lrlhen crystals of microspar exceed 50 ;rm 
'in diameten, the term

pseudospar is emp'loyed (Bathurst, .l975, p. 567) " crysta'ls of pseudospar

are similar in appearance to precipitated calc'ite cements and vary in

size from 50 to 100;rm in diameter. Bathurst's (1975, pp. 417-419),

fabric criteria for deternrining cements in thin section lvere used to
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djfferentt'ate sparry calcite cement from neomorphìc spar. l^Jìthin the

neomorphìc spar, the relic internal microstructure of skeletal debris

j s often preserved.

I'fhi I e the recogni tion of wi despread neomorphi c al terations i s

readiìy appanent wìthjn the thin sections examined, the precise timing

of these alterations is more problematic. The folìowing observations

and conclusions can be made regarding the tir'¡ing of neomorphic altera-

tions: l) m'icrite which occupies geopetaì cavities and borings is

partialìy or completel¡r altered to microspar jndícating this type of

neomorphism post-dates boring or geopetal infi'lling of cavities,

2) microspar crysta'ls occur as inclusions within replacement dolomite

crystals, syntaxial overgrowth cements on echinoderm fragments and

within silicified nodules" These features imp'ly neonorphism pre-dates

these diagenet'ic events

Cementation

The precipitation of carbonate cements within mociern sediments

has been documented in a variety of environments (Bricker, lgTl). In

broad terms, these environments include the subrnarine environment, the

intert'idal or beach env'ironment, the subaerial fresh water phreatic or

vadose environments anci the deep subsurface environrnent.

Cements are largeìy responsible for the occulusion of orimary and

secondary void spaces within the sediments studied" þJhile these cements

can occur in a variety of crystal forms and mineralogìes, all cements

studied consisted of either sparry calcite, micrite, or more rareìy

dol omi te.
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As defined by Folk (1959), sparry calcite is a clear, re'lativel.v

inclusion free accumulatìon of calcite crystals whose crystaì djameters

are greater than l0 pm in size. A second variety of calcite cement is

present as micritic coatings, consisting of cr"ypto- to microcrystalline

calcite crystals. Crystals range in size from less than I to 3 or 4,pm

appeaning petrographìcally. like semi-opague mud.

Calcite crystaìs, occur in three different habits as defined by

Folk (1959). In order of decreasing abundance within thîn sections

exar¡ined these crystal habits ane:

i ) equant

ii) bladed

...\1111 mlCrltlC

As well as occurring in these differing crystal habits, the cements

occur in a variety of morpho'ìogies as defined by Folk (.l959)" In relative

order of precipîtation of these cements, from earliest to latest, they

i nc I ucle:

i ) drusy, or fringe cements

ii) syntaxìaì overgrolvths

iii) equant or blocky void fillings.

I ) Drusy or Fringe Cements

These cements occur as linings pnecipitated on void or fracture

walls, or as coatinçJS on grain surfaces. Crystal habits can be equant,

bladedu or micritic. The long axes of bladed crystals are oriented

perpendicular to the grain or pore surfaces. The amount of microscopìc

inclusîons within bladed or equant crystals is vaniunì". Equant crystals
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vary in diatneter from B to 25 tlm. Bladed calcite crystals vary in

rvjdth from 5 to 30 ¡rn, and in length from l5 to l?0,,m.

l{icritic cements contain crystals varyìng in size from ì to 4 ¡m.

This type of cement is often irreguìar in thickness and appears lurnpy

or pe1 I eted (P1 ate 5-4) .

Drusy cernents are found ì ining cav'ity wal ls in birdseyes,fenestra'l

voids, vugs, intergranularpore spaces or desiccation fractures. The

cement fringe is generaiìy not more than .l50 pm'in thickness. Up to

three successive generations of drusy cement may be observed to have

precipitated on a pore wall.

In sorne jnstances, crusts of equant spar and micritic calciie

formed syngenet'ica'1ly" Plate 5-4 reveals alternatÍng'layers of

m'icritic and equant calcite crystals lin'ing the pore walls of a birdseye.

Plates 5-5 and 5-6 are thin sections from near the top of an off-

shore ool i t'ic-a'lgaì shoal wi th'in the El kton l4ember. Pl ate 5-5 reveal s

a lithoclast in an oolitic-pelletal grainstone which was initíal1y coate,C

with a layer of equant calcite crystals, followed by a later crust of

micritic carbonate. Both generations of druse have been disrupted by

an ear'ly compact'ionaì fracturjng event. A somewhat simi'lar sequence

of events is show in Plate 5-6 where a lithoclast was ìnitia'l'ly

coated with a layer of micritic druse" The micritic crust was fractured

durìng compaction, exposÍng a fresh surface of the lithoclast, upon vrhich

precipitated a 'ìayer of equant druse"

These ean'ly generatÍons of cements were probabìy responsible for

stabijjzation of carbonate sands deposited 'in offshore bars or shoals.

During low stands of sea level, these bars or shoals would be exposed to
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ihe j nterti dal and beach envi ronments of di agenes i s . tarly c1i agenetì c

r¡icr^ j ti c ciruses , and I ess conrmonìy equant druses , are known to forni j n

ihe intert'icial and beach environments of Recent and pleistocene

sedin¡ents (Brìcker, ig7l, pp. l, Z).

Plate 2-6 reveals a horizontal sheet crack formed in an intertidal
sedîment as the result of desiccation. The crack was subsequentìy

infilled by a druse of bladed calcite span whjch precipitated on both

the floor and ceiling of the fracture. This variety of cenrent is very

common in the subtidal environment (Bricker, lg7l, p. 27). It probabìy

reflects very earìy cementatjon when the tidal flat v¡as jnundated by

narine waters durìng high tide.

2) Syntaxial Ovengrowth Cements

Syntaxial overgrolths developing in opticaì continuity rvith crinoid
grains forms the dominant cement in many grainstones. comrnon]y, the

overgrowths fill all available pore space. These cements extend from

the crinoid grain surfaces out to the sunfaces of acijacent po'lycrystalline

grains or the fringes of drusy cement enveloping these po'l-vcrystalline

grains (P1ate 6-l). This indicates that the syntaxîal cements forned

later than the drusy cements. Evamy and shearman (1965), and purser

(1969 ) , present evÌ dence that overgrowth cement on ech'inoderm grai ns -is

early 'in onîgin fornling in the shal low subtidal environment. Fol k (.¡955) ,

observed that echinodernr overgrolihs tend to fill all available pore

space and suggests (p. 25) that the overgrowths either formed earlier
than or faster than the oilrer types of spar cement.
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3) Equant or Blocky Cements

i'losajcs of clacjte urith crystaìs approximateì¡r equaì in dimensjons

are common as pore fil'ììngs in the pore systems of both Shunda and

Turner Valley sediments (Plates 5-4, 6-2). Equant cements generalìy

contain fewer inclusions than do the drusy or syntaxr'al cements indicating

the equant cemenis precipitated from soluùions containing fewer impurities,

or did not incorponate pre-existìng materîal.

Relative to the drusy and syntaxìa1 cements, the equant cements

formed I ast. This i s ciernonstrated b-v equant cements occurring i n the

centre of voids Iined by earlier generations of drus.v and/or overgrotvth

F -1CenlentS (Plates c-4, 3-3, J-b).

The actual time and diagenetic environment of format'ion of the

equant cement is difficult to establish" Equant cements form in the

early diagenetic environments of the fresh water phreatic (Land, 1970),

Friedman et al, l97l), (Cussey and Friedman, 1977)" Late diagenetic

equant calcite cements are also associated vuith deep subsurface and

tecionic cementation. The fact that some of the equant cements fill
late fractures associated wj-"h tectonic movement suggests these cements

are I ate diagenet'ic.

i4oberly (1973) , documents equant cal c'ite cement of an earì¡,

diagenetic origÍn precip'itaiing in the zoecial openings of bryozoa.

Equant cement was observed by the author to occur jn skeletal wackestones

of the Turner Va1'ley (P1a-te 6-3).

Equant cements commonly fì'll birdseyes of the Shunda pelleted lirne

muds. These cements are commonly associated with geopetel infilì'ings

of silt-sjzed internal seciiment. This sediment (Plate 6-4) is very
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sjmilar to Dunham's (1963), descrjption of early d'iagenetic vadose

silts.

Very minor amounts of equant dolomite cements occur with the

equant calc'ite cements filling bìrdseyes. The dolomite crystals occur

as euhedral rhombs which display an almost perfect crystai form and

are virtually inclusion free (Plate 6-5), The individual rhombs are

sirnilar to those descrîbed by Folk and Land (.1975), and Randazzo et a1

(1977 ), which they have termed 'ìimpid', oì clear dolomites. Limpid

dolomites are believed to have orìqinated in the fresh-water environ-

nent by slow precip'itat'ion from dilute sojutions. This process creates

a more perfect stoichiometry and ionjc ordering in the rhombs than is

found in normal dolomites, hence, thejr perfect crystaì form and clearness.

Limpid dolomite crysta'ls line the pore walls of birdseyes and pre-date

the precÍpitiation of equant cements"

Do I omi ti za ti on

l4echanisms of Formation

Despite much attention within the literature, the actual mechanism

of formation of the vast quantities of dolomite in the sedîmentary

record remains poorìy understood. The more common mechanisms of

formatíon found in the literature include:

i) Capillary evaporation of pore waters in hot arid supratidal regìons

is responsible for the format'ion of thin beds of fine-graîned dolomite

(Shinn et al,1965). This mechanism clearly can not account for large

thicknesses of coarse-grained dolomite.
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i i ) An evapori ti c refl ux model of dense sal i ne bri nes percoì atì ng

dolvnward and lateralìy through permeable strata (Deffeyes et al, .l965).

Hsl and Siegenthaìer (']969), object to this mechanìsm fee'ling 'it woulcl

require the precipitation of vast quantities of gypsum.

iii) Late stage dolomitization in the deep subsurface by fluids expelled

from shale sequences during compaction and burìal.

iv) The most recent mechanîsm is the meteorìc water-sea water nrixing

model proposed by Land (1973a), (1973b) and Badiozamani (1973). The

mixing of marine and meteoric v¡aters results în a solutl'on supersaturated

lvíth respect to dolomite but undersaturated vrith respect to calcite

(Badiozamanì, 1973).

Dolomite Textures

flithin the area of study, dolomitizatìon of Shunda and Turner Vaììey

Formation sediments is cornmon. Dolomites of the Shunda Formation usually

occur as thin beds of fine'ly crystalline to cryptocrystalline dolomite

or as scattered rhombs of dolomlìte within lime mudstones and wacke-

stones. The styl e of dol omi tizat'ion i n the Turner Val'ley Forrnation is

somelvhat dîfferent, consisting usualìy of thin to thick beds of coarseìy

crystaì I ine dolomi tes.

Dolomites observed wìthin this study occurin four princìoal groups:

/t \ l^'r^--i+i--+r,/ uu,u,i,¡u,¿c,"ion by total replacement, (2) dolomitization invo'ìvìng

aggrading porphyroid and coalescive neomorphism (Folk, .|965), (3) dol-

omitization by selective replacementu and (4) detrìtal dolomite.
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I ) Total Repl acement Dol omj te

Dolomitization through total replacenrent occurs ìn every lithofac'ies

encountered but js most prevalent withjn sedjments containing abundant

carbonate nlud. in the case of completely dolomitized skeletal sands,

recogni tj on of grain 'ghosts' becomes difficul t. Thei r outl i nes are

revealed by the pattenn of incluslìons and/or variations in size of the

replacement dolomite crystals (plates 6-6, 7-l ).

2) l{eomorphi c Dol omi te

The most widespread forn of aggrading neomorphr'sm'is porphyrojd.

Th'is type is characterized by dìscrete euthedral to subhedral rhombs

of dolomite scattered through the rock (P'late 7-2)"

The rhombs display a tendency to grovr larger, develop better

crysta'l forms, and contain fewer inclusions when they replace the

cernent than when they repìace the micrite (Plate 7-3).

Several factors jndicate the growth of neomorphic dolomite post-

dates the formation of syntaxia'l overgrowths on echinoderm gra'ins.

|{ithin Flate 7-4, the rhomb of replacement dolomite contains ghosts

of the glìde pìanes within the overgrowth cement indicating the

dolorn'ite formed later than the cement.

Zoning jn dolomìte rhombs occurs in both the Shunda and Turner

Valley seciiments" The zoning is enhanced by alternating layers of

jnclusion-rich and inclusìon-poor dolomite. Each zone represents a

change in the chemjstry and/or detrital content of the pore water

from which the dolomite crystal is forming. As many as seven djfferent

zonatjons were observed in a sing'le crystal (P'late 7-5). Bourrouilh

(1972) concluded that zonation within dolomite crystals is related to

a fluctuating water-table, or a change in ground-water chemistry.
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The zoned dolomìte rhomb of Plate 7-6 reveals selective dissolution

to have affected only the core of the crystaì and has left the remainder

of lhe rhomb unaffected. This preferential dissolution may be due to

these crystals having reìatìveiy unstable, impure, early-formed cores

overgrown by more stable rims (Folk and Land, 1975).

3) Selective Replacement Dolomites

Selective dolomitization occurs 'in a variety of forms" Plate B-l

shows an ool'itic peìletal grainstone jn which euhedral to subhedral

cloudy dolomjte rhombs selective'ly repìace some oolitic coatings and

not others. This phenomena may be due to differences in the mjneral-

ogical composit'ion of the oolitic coats which renders some ìayers more

susceptible to dolomitic replacement than others. This same selectiv'ity

is observed to occur within certain'layers of oncolites (P1ate 8-2).

However, Plate B-3 displays an oncolitic grain unaffected by dolomit-

ization while the micritic matrix material has largei¡r been altered to

dolomite. This selectivity may arise from chemical differences between

the matrix and grain or from a difference in mìcro-permeabilities

existing between the relativeiy impermeable oncolite and the more

perrneable matrix of micritic carbonate"

The selective and pseudonrorphic replacement of echjnoderm p'lates

by doìomite was observed to occur within two widely separated units of

an echinoderm grainstone and an echinoderm packstone of the Turner Va1'ley

Formation (P1ate B-4). This replacement by dolomite affected onìy the

echinoderm plates within the sediments and not the ossicles" This

selective'ly may arise by either, a difference in the mineralogy of the
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two graìn types or by a djfference in thejr perrneabilities. Differences

in their mineraìogies is unl ikeìy since neomorphism had probably

converted both types of graìns to low-l,lg calcite. plate B-5, is an

enìargement of Plate B-4 and reveals a permeable microstructure exìsts

wi thi n the echi noderm p'l ate . Thus, permeabi 1 i ty differences between

the plates and the ossicles seem a more like'ly answer for the selectîve

replacement by dolomite. Selective removal of the calcite by etching

reveals the replacement process to be most complete on the perìphery of

the graìns and least complete in the central portion of the gra.ins

(Pìate B-6). Thus, thìs replacement process js injtiated at the clraìn

surface and proceeds inwards jn a centripetal fashjon.

4) Detrital Dolomite

The calcareous and dolomit'ic siltstone unìt of supratidal orig'in

which marks the contact with the Mount Head Formation contains some

crystals of detrital dolomite. This siltstone is comp¡ised of alter-
nating lamellae of silt-sjzed to very fìne-grajned sand-sjzed partícles

of subangular to subrounded quartz, feldspar, and ciolomite grains in a

matrix of mjcrjt'ic carbonate and argillaceous materjal (elate g-l).

ldithin each lamellae, there is a direct correlatjon ìn the size of the

terrigenous clastic grains and the size of the carbonate grains which

jndicates a mechanjcal sorting of both grain types. The dolomite

grains vary rln size from l0 to I 10 ¡m and have rounCed, c'loudy cores

(Plate 9-2). Some dolom'ite grains have clearer subhedral govergrowths

developed upon them.



- 6l

A very s'imilar type of calcareous siltstone lvith dolom'ite clasts

has been descnibed by Ljndholm (.l969), from the Devonian Onondaga

Limestone of I'lew York" Lindholm ('1969, p. 1035) concluded that the

dolomite was detrital in origin, derived by erosion and eolian transport

from older outcrops. After deposition of the abraded dolomite grains,

they were enlarged by subsequent dolomite overgrowths"

Dol omi tì zatj o.n- -o-f -Sh-unda. .and Turner: VaJ I ey Sediments

Iìlìng (1959), Nlurray and Lucia (1967), and Macqueen and Bamber

(1967) have pubìished papers deal'ing wìth the dolomites of the Shunda

and Turner Valìey Formations. Illìng's (ì959) earlier work ìnterpreted

most of the Turner Valìey dolomites to have an epìgenetic orjgin produced

by migrating magnesium-rich fluids squeezed out during compaction of

older buried sediments. In his model, the dolomites post-dated all

cements.

I1lìng's interpretation (1959) for the lithographic, cryptocrystal'line

(less than 5 ym) dolomites of the Shunda Formation was that they formed

as a primary precipitate within hypersaline lagoona'l comp'lexes. Illing
(1959, p"4l) states many of the sl'ightly coarser microcrystall'ine

dol omi tes (5 - 25 ¡rm) were, however, depos'iùed as f i ne bi ocl asti c

sed'iment and completely dolomitized during early diagenesis"

However, l{umay and Luci a (.l 967 ) i nterpreted the Turner Val l ey

dolomites to have formed by a seepage reflux mechanism from dense brines,

accumul ati ng i n the over'ly'ing evapori ti c Mount Head Formati on. They

document a tendency for these fluids to selectively dolomitize the micrtic

mudstones, wackestones and some packstones in preference to the grain

suppprted sands. They observed sonre cements to post-date the dolom'ite"
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The more recent work of Macqueen and Bamber (r968) put forth a

somet¡rhat d'ifferent orig'in for the dolomites of the Shunda Formation.

They ìnterpret the crypto- and microcrystallíne dolomites to be of

early diaEenetic origin forming in a coastal sabkha evaporite

envi ronment.

The mechanism of formation of the fine to coarsely crystal'line

dolomites commonly occuming within the Turner vaì1ey Formation is

uncertain" Macqueen and Bamber (1967 ) suggest they formed by a

seepage reflux mechanism of dense brines accumulating 'in the over'lying

Mount Head Formation. However, in light of recent work by Hsü and

siegenthaìer (1969) and Land (1973a, 1973b), dolomit.ization by

nleteoric water sea-water mixing becomes an alternate possibìlity"

l'lanheim (1967) and Kohout (1967) found that fresh contjnental waters

intrude marine sediments off the east coast of Florida for distances

of more than .l00 km. Thus, it is possible during l4ississippian time

that meteoric continental waters accumulated vrithin the supratida'l

settings of the l4ount Head sediments far to the east of l,loose Dome.

These waters were capable of extending great distances seaward

towards the area of study at l,{eose Dome movjng through porous strata

of the Turner Va'lìey Formation.

At the present time, too little is known of the processes of either

the reflux or of the mÍxing mechanisms of dolomitization to conclusively

support or reject either of these mechanisms as being responsible for
the means of formation of the Turner Valley dolomites.
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Hemati te

The conspicuous reddish-brown to purpìish-gray color imparted by

the presence of hematite is visible in mudstones and wackestones in

some horizons of the upper Turner Va'lley Formation and the Shunda

Formation. Hemat'ite is also constituent of the green shale facies

developed in the Shunda Formation" llicroscopic examination of grain

supported sediments reveals small percentages of disseminated hematite

in them äs well"

The hematite occurs as jrreguiar or globular blood red graìns l0

to 30,um ìn d'iameter (Plate 9-3). The grains frequently form aggregates

which can be observed to cut across matrix-skeletal debris boundaries.

Hematite also occurs as globules with'in ooljtes and oncolites, as

coatings on shell fragments, as globular infilf ings of dissolution vugs,

in stylolites, and in one ínstance as a rep'lacement of a bryzoan frond

(P1ate 9-4 ) . Thi s I ast form of hemat'ite rep'lacement conta'i ns i nc j usi ons

of subhedral dolomite rhombs and equant calcite cement. Some gìobules

of hematite were observed to transect equant spamy calcite filling a

fracture.

The actual time of the hematite replacement is difficult to

establish. However, 'it. post-dates the development of some dolomite

and equant calcite cements but its occurrence as accumulat'ions aìong

sty'lo'l i te surfaces i ndi cate i t formed earl i er than the styl ol i te

devel opment.
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Pyri te

Aì though much I ess common i n occurrence than hemat'i te, pyri te

occurs as isolated crystals or as aggregates. Indivjdual crystals

are common'ly euhedral and display square, triangu'lar, or rectanguìar

sections under nricroscopic examination. In reflected lÍght, the

crystaìs display the characteristic brass yelìow color of pyrite.

Síngìe crystals vary from 20 to 800 ¡.rm in diameter"

The pyrite dispìays an affinity for sil'icified coral fragments

within sediments of the Turner Valley Formation. The crystals of

pyr.ite tend to rep'lace the skeletal wall material of the coral

fragments and contain inclusions of micrite, equant calcite cement

or dolomite. The pyrìte may also replace the silica which has

rep'l aced the cora I f ragment "

The above criteria po'int to a rather ìate post-cementation,

dolomitization and sílicification orig'in for the pyríte crystals.

S'ilicification

Frequentìy, fossil fragments are replaced by microcrystalline

and/or megaquartz crystals or by chalcedonic quartz. Microcrystalline

quartz forms a nrosàic of interlockìng anhedral crystaìs, 8 to .l40 
¡m

in diameter while chalcedonic quartz occurs ma'inly as circular or

eiìiptical shperulites, 100 tp 800 ¡m in diameter. Megaquartz occurs

ìn granuìar mosaics of interlocking anhedral crystals, 50 to 400 ¡rm

in diameter (Plate 9-5).

Coral fragments display the greatest affinity for being replaced

by sìlica (Plate 9-6). Internal chambers of the corals are usuaììy
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lined with m'icrocrystalline and/or chalcedonic quartz while the centra'l

port'ions of chambers are repìaced by megaquartz.

Scattered throughout sediments of both the Turner Valley and Shunda

Formations are quartz euhedra or anhedra l0 to 150 ¡m in diameter. They

are most abundant in mud-supported rocks and in particular those of the

shunda Formation. The perfect crystal form and lack of inclusions

within the euhedra suggest they are authigenic in origin and have not

undergone a great deal of mechanical transport or abrasion.

However, the abundant anhedral gra'ins of quartz s.il t di spersed

throughout the carbonate muds are believed to have been introduceci to

the sediments by eolian transport. Mjcroscopic examination of the

peripherÍes of the quartz grains reveals embayments and inclusions of

the surrounding micritic matrix. Thus, some clegree of enìargement of

the quartz grains has followed their deposition. Dapples (1967)

attributes the precipitation of quartz overgrowths on quartz grains to
be an early diagenetic event during eariy burial

In the central portion of the Turner valley Formation, there is a

0.6 metre thick unit of an echinoderm grainstone which is cemented by

quartz. The quartz occurs as an interlocking mosaic of anhedral

crystals which vary in size from b0 to 400 ¡m. In many instances,

the quartz crystaìs have partial]y repìaced echinoderm grains and

extend as far as 20 ¡m into ilre surfaces of the graìns (p'ìate l0-l).
It js not uncommon to observe ghosts w'ithin these megaquartz

crystals of small, equant or scalenohedral crysta'ls from l0 to Z0 ,¡m

ìn diamteter, which form a partial druse lining the former pot^e

spaces (Plate l0-2). These are probabìy the remnants of an eariy

calcite druse.
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Large volumes of silica-laden fluids must have been flushed

through thjs unjt in order to explain the ìarge amounts of megaquartz

observeC. The development of the megaquartz in this unit of the

Turner Va'l1ey Formation js probably an ear'ly diagenetic feature.

The megaquartz cement post-dates the formation of early diagenetic

calcite druses' but pre-dates the precipitation of equant pore fillìng

calcite cements or syntaxial overgrowths on echínoderm grains.

Fracturi ng

Three forms of fracturinq occur within the sediments studied:

â \/Âr \/ a: nl r¡ fv.¡., *cturing due ,o O.riccation of sediments within the

supratidal setting, an earìy fracturing of constituent grains during

inìtial sediment compaction, and a much later tectonic fracturing

of the Iithified sediments

Early conrpact'ional fracturing is genera'l'ly restricted to gra'in

supported sediments but can also affect skeletal debris floating ìn

a matrix of carbonate mucl. Plate l-5 reveals a fragment of a brachìpod

shell which has undergone early fracturing probabìy due to stresses

íncurred during a differential compact'ion of the mud matrÍx in which

the shell 'fragment is floating"

Plates 5-5 and 5-6 reveal compactionally fractured gra'ins which

display deveìopntent of eanìy frìnge coments on the fracture surfacesu

índicating the fracturing took p'lace prior to the prec'ipitation of

any cements.

In many units, well developed fractures are present which transect

graíns, matrix and cement and represent a later post-lithification event
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related to burial of the sediment. They are commonly infiì1ed by a

mosaìc of equant calcjte cement"

while the exact time of the late fracturing events can not Þe

accurately determined, it is f ikely that fractures occurred at several

different times in response to stresses produced by an increasing

load of overlying sediments"

Pressure Solution

Evidence of post-depositional pressure solution is found within

rocks of the Shunda and Turner Val'ìey Formations throughout the study

area. Features that illustrate this phenomena include the development

of macroscopic and microscopjc stylolites and the formation of irreqular

sutured contacts between grains in grain supported sediments"

The development of sutured grain boundaries between adjacent

echinoderm fragments is widespread throughout the grainstones and

packstones of the Turner valley Formation (p1ate l0-3). This process

may be responsible for the release of lar:ge volumes of calcjum carbonate

which precipitated elsewhere or on adjacent grains as pore filling
carbonate cement.

The exact time at which pressure solution between adjacent graìns

took pìace is difficult to determine. Syntaxia'l overgrowth cements on

echinoderm grains commonly have sutured contacts with nejghbouring rims

of overgrowth cement" These sutured contacts indicate pressure solution

processes occurred after the development of the overgrowth cement.

some pressure solution took place prìor to the development of

repìacement dolomite with'in echinoderm packstones. This is indicated
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by sutured contacts between echinoderm grains contained as ghosts withjn

the rhombs of dolom'ite (Plate l0-4).

styloìites exposed on outcrop surfaces are generaì]y developed

paraìle1 to beddl'ng, and are frequent'ly formed at lithologic boundaries.

insoluble material scattered throughout the host rock is concentrated

aiong the stylolite surface and consists of quartz silt, sìlicified
fossìi fragments, argíllaceous materials, hematite, and pyrite.

These observations suggest that stylo'litizatíon is a relativeìy late

diagenetic event"
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CHAPTER 5

Porosìty and Permeabiìity

I ntroducti on

lnjhile modern carbonate sediments have porosities as high as 70

percent (Pray and Choquette, 1966), their ancient rock counterparts

commonly contaÍn a small fraction of thjs initial amount. This

drastic reduction in the pore space of carbonate sediments js related

to a sequence of diagenetic events which follow deposition of the

sediment. The volume of pore filling cement in ancient carbonates

commonly may exceed the volume of the injtjal sediment (pray and

Choquette, 1966).

The pores and pore systems within the carbonate sediments studied

are normaìly physicaliy and geneticaìiy comp'lex. Sedimentary features

which exert the most profound effect on porosity development are fabric,
gra'in size, sorting, and mineralogical composition of the sediment"

Adopting the terminology of Choquette and pray (.]970), eight porosity

types are recognizable within the sediments investigated. These

ìnclude'interpartÌcìe,'intraparticle, intercrystalline, moldic,

burrow, VUg, fenestral, and fracture porosity.

DeveloÞment of Porosity and Permeability l{ithin The Shunda Format.ion

The more porous units within the upper portion of the shunda

Formation at i,loose Dome have porosity values of from 6.0 to g"6 percent

(Tab1e 3, commercial Analys'is). However, permeabilities are generally
'low, varying from 0.0'l to 0.23 nillidarcies"
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" HORIZONTAL PERMEABILITY TO AIR IN MILIDARCYS

TABLE 3 POROSITY AND PERMEABILTTY DATA FOR SELECTED
OUTCROP.SAMPLES OF THE SHUNDA AND TURNÊR
VALLEY FORMATIONS EXFOSED AT MOOSE DOME

SAMPLE
No.

SAMPLE DESCRIPTION
POROSIT\

%

PERME

ABILITY"

I

SHUNDA FORMATION _ DOLOMITIC LIMESTONE
VlUDSTONE _ FENESTRAL, BURROW ANDVUG POROSITY 6.9 0.01

2
SHUNDA FORMAT¡ON - DOLOMIT¡C LIMESTONE
MUDSTONE - FENESTRAL, BURROW AND VUG POROSITY
_ SAMPLE COLLECTED FROM BENEATH GREEN SHALE FACIES

8.6 0.01

3
SHUNDA FORMATION - ONCOLITIC OOLITIC
GRA¡NSTONE FACIES _ PARTIALLY DOLOMITIZED
_ INTERGRANULAR AND VUG POROSITY

6.1 0.23

4
TURNER VALLEY FORMATION - SKELETAL GRATNSTONE

- DOLOMITIZED _ SUCROSIC _ INTERCRYSTALLINE AND
MOLDIC POROSIÏY

4.3 0.43

5
TURNER VALLEY FORMATION - OOLITIC GRAINSTONE

- 3trl" DOLOMITIZED - MEDIUM TO VERY COARSE GRAINED
_ T¡GHT IN APPEARANCE - VUG POROS¡TY

3.3 0.01

6
TURNER VALLEY FORMATION - ECHINODERM WACKËSTONE
_ DOLOMITIC _ INTERCRYSTALLINE AND MOLDIC POROSITY

3.4 0.52

7

TURNER VALLEY FORMATION - ECHINODERM UVACKESTONE
_ HEAVILY DOLOMITIZED - ARGILLACEOUS - COARSE
GRAINED - MOLDIC AND VUG POROSITY

8.2 0.45

8

TURNER VALLEY FORMATION - ECHINODERM GRAINSTONE
- 2æ/. DOLOMITIZED - COARSE GRAINED - ruO VISIBLE
POROSITY

1.8 0.01

I
TURNER VALLEY FORMATION - MUDSTONE
DOLOMITE - BRACHIOPODS _ SHALEY PARTINGS
INTERCRYSTALLINE POROSITY

2.6 0.01

10
TURNER VALLEY FORMATION - MUDSTONE
LIMESTONE _ BRACH IOPODS - BI RDSEYES - FËNESTRAL
AND VUGGY POROSITY IfrI STREAKS

2.2 0.01

11

TURNER VALLEY FORMATION _ SILTSTONE
DOLOMITIC AND CALCAREOUS _ UPPERMOST UNIT
OF THE FORMATTON _ INTERGRANULAR POROS¡TY

6.4 0.01
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The main porosìty types include fenestral, vuggy, moldic, and

fracture porosity. L'ittle, if any, of this porosìty ìs of primary

orìgìn. inluch of the djssolution can be d'irectìy associated with

erosional breaks in the accumulation of these sediments.

Plate ll-l displays dissolut'ion phenomena in a birds.eye

wackestone which underlies a green shale facies" Dissolution has

been responsible for the removal of varying amounts of calcite

cement from the birdseyes and the removal of small dolomite euhedra

from the matrix (Plate l1-2). Th'is sample has a porosity of 8"6

percent and yet contains no effective permeabìlìty. The matrix

permeab'i I 'ity was probabìy destroyed when the m'icrj te recrystal I i zed

into an interlock'ing mosaic of microspar. Thus, the formation and

subsequent dissolution of the cement and dolomite rhombs pre-dates

the recrystallization of the matrix to microspar. The dissolution

may have occurred ear'ly in the sediments history by flushing of

meteoric fluids through the poorly lithified muds

The resultant good porosity reflects the selectivity of the

dissolution process to leach materia'l from the isolated birdseyes

and dolomite crystals. The poor permeability is due to the later

recrystallization of the matrix. Thus, while pore space is being

created locally, very 'little of it contributes to an overall

effect'ive porosity withìn the rock. l,{ost sediments deposited in the

intertidal and supratidal environments display some evidence of

dissolution phenomena.

Plate ll€ shol'rsafenestral and birdseyed skeletal wackestone in

which d'issolution has removed small scattered euhedral dolomÍte rhombs

and carbonate cements infilling birdseyes and fenestrae"
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An example of dissolution which occurs beneath an eros'ional break

'is observed immediateìy beneath the subaeriaì1y larninated crust, discussed

in Chapter 3. For a short distance of approxìmateìy 2 cm beneath the

crust, extensive ci'issolutjon of dolomite euhedra has taken pìace"

The development of porosìty by dissolution of cements and of

dolomÍte rhombs is variable iil both a vertical and a horizontal

direction within any bed.

The overall pattern of porosity development wìthin the Shunda

Formation shows a dìrect relationship to'its exposure to the vadose

zone of diagenesis and flushing by meteoric waters. The 'ìarge volume

of dense and impermeable micrit'ic carbonate which forms the matrjx of

these sediments renders most porosity developed in the Shunda Formation

basically ineffective in contributing to the reservoir potential of the

format'ion.

Development of Porosity and Permeability lnlithin The

Turner Valley Formation

0bservabl e porosi ty types i ncl ude vuggy, fenestra'l , 'intercrystaì -

line, interparticle, intraparticle, moldíc, and fracture. The formation

of medium to coarseìy crystalline dolomites ìs much more widespread

v,'ìthin the Turner Va1ìey sediments than within the Shunda. Turner

Va11ey and Shunda sed'iments have similar porosíties. However, Turner

Vaì1ey sediments have much greater effective porosities (and thus,

permeabìlities) than the Shunda sediments. The intercrystalline

porosìty created by dolomitization is often enhanced by a moìdic

porosity formed by the later dissolution and removal of skeletal
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debris withjn the sedjment (Pìate ll-4). l¡jhile'in many cases, it is

ìmpossible to determjne the exact nature of the organìsms these molds

represent, some clear'ly indicate echinoderm debris t^tas a main

contri butor.

The creation of porosity and permeabi'lity within sediments of the

Turner Va11ey Formation was markedly different from that of the Shunda

Formation" Whereas Shunda porosity is largely a function of subaerial

exposure and dissolution, that of the Turner Va]ìey Formation is related

to a later dolomitizing and leaching event which created 'intercrystalline

and moldic porosity. Porosity values from eìght outcrop sampìes vary

from l.B percent to 8"2 percent" Permeab'if ity development varies from

0.01 to 0.52 mill'idarcies (Table 3).

A sample of a dolomitized skeletal wackestone wÍth moldic porosity

contains a fairìy 1ow porosìty of 3"4 percent but dispìays a permeab'i'ìity

of 0.52 millidarc'ies which is the highest value observed for the samples

tested. l^iith better development of porosity and permeabi'lity, these

dolomitized skeletal wackestones become an important reservoir rock

for hydrocarbon accumulation within the subsurface of the Alberta

Foothills and Plajns reg'ion.

As i ndi cated by Muruay and Luci a (1 967 ) , the dol omi ti zati on of

these sedìments js selective in its nature, and affects those sediments

with an abundant carbonate mud fractÍon rather than the well sorted,

clean washed and tightly cemented grainstone units. For example, a

very coarse-grained echinoderm grainstone, tightly cemented by sparry

calcite, yielded a very 1ow porosity of only'1"8 percent and dispìayed

no measurable permeabí1 ity.
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Aìthough one sequence of echjnoderm grainstones wíthin the central

port'ion of the formatjon was observed to contain a h'igh effective jnter-

granuiar porosity (Plate l4-5), a close exam'ination of the outcrop

'ind'icated the porosity is the result of modern surficial weathering and

does not persist for a very great distance into the outcrop surface"

l,.lhile the dissolution of material within the Turner Val'ley

sediments is usually restrìcted to the removal of calcite, some leaching

and removal of dolomite rhombs has occurred (Plate l4-6). This feature

probably results from late diagenetic leaching processes occurring in

tire subsurface.

Summary

The shunda Formation contains small amounts of fenestral, vuggy,

nroldic and fracture porosity. The majority of the porosity is non-

effective due to the presence of an impermeable micrite matrix. Most

of the porosity is of a secondary orig'in created by dissolution of

cement within birdseyes, burrows and fenestral voids"

The Turner Val'ley Formation contains localized zones of fair to

good porosity primarily of an'intercrystalline and moldic nature,

withÍn coarsely crystaìline dolomite beds" Poor to fair pernreabilities

are present in these beds due to the intensity of the dolom'itization

process . The dol omi t'izati on di sp'lays a preference to occur wi thi n

mudstones and wackestones and not within packstones and grainstones.
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CHAPTER 6

Summary and Conclusions

Sedjment Deposition

During accumulation of sediments of the Shunda Formation at Írloose

Dome, the area lvas covered by a broad complex of shallow restricted

lagoons and intertidal mud flats djssected by tidal distributary

channel s.

The most striking characteristic of Shunda sedìments is their

hìgh content of carbonate mud-sjzed material and their paucity of

coarse-grained skeletal materjal. Preservation of burrows js common

and fecal peìlets are abundant" Bioturbation by mud scavenging

organisms has, in many instances, total]y obscured any internal

beddjng characteristics in the lagoonal sedÍments and has given rise

to thick, homogeneous, indistinct units of mudstones.

Bì rdseyes and fenestral fabrics developed 'in the intert'idal zone

of sedimentation are common. Alga'l remains and a1gal related structures

are abundant.

The dominant lithologies present 'include mudstones, skeletal and

pei'letaì wackestones , pe'l ì etal packstones wi th accessory amounts of

oncol'itic-packstones, pel letal grainstones and oncolitic-oolitjc
gra i nstones .

Interbeds of cryptocrystailine dolomite and localized occurrences

of calcareous siltstones of supratjdal origin occur"

The transition into sediments of the overìyìng Turner valley

Formation is a rapid one, with no apparent break in the accumulatìon
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of sediments occurring. The basal Turner Val'ley units consist of very

coarse-grajned and well sorted skeletal grainstones and packstones

deposìted in the deeper water facies of the open shelf envjronment.

The basal Turner Va'l1ey sediments represent a transgression of deeper

water sediments over shallow water sediments.

The basal 90 metres of the Turner Va1ley Fonmation is comprised

largely of open shelf sediments deposlted in shoals and bars. The bar

and shoal environment is characterized by thîck and massive, cross-

bedded units of echinoderm and skeletal grainstones. 0n the landward

side of these barriers occur the restricted shelf or lagoonal envjronments.

A charactertistic feature of the open shelf and shoal environments

js their high content of skeletal debrrls,'largely of an echinoderm

na ture

1,{ithin the uppermost 25 metres of the Turner Valley Formation, were

deposited lagoonal - intertîdal - supratidal seqeuences of sediments

sinilar to those of the underlying Shunda Formation"

Further shallowing terminated Turner Va'l1ey sedimentation and

resul ted in the deposition of the h'igh'ly evaporr't'ic supratìdal sequence

of sedjments of the overlying Mount Head Formation.

Di ageneti c Al terations

Diagenetic alteratjons wìth'in the Shunda and Turner Valley Formations

include bio'logica'ì diagenesis, compaction, neomorphísm, cementationu

dojomìtization, sil icification, pyriti zation, pressure sol ution, sty'lo-

litjzation, dissolution, and fracturing"

The envjronments of deposition of the Shunda sedìments renders

this package of sedjments praticu'lar'ly susceptible to early processes
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of alteration within the vadose and phreatic zones of diagenesis.

Subaerial exposure has resulted in the development of green shale faciesu

minor erosional breaks, mìcro-karst surfaces, dissolutjon features,

subaerial lamìnated crusts and cal iche profiles.

Shunda sediments are well cemented by sparry calcite which occurs

'in a variety of crystal forms which include equant, blocky,drusy or

micritic forms"

Dolomites of the Shunda Formation primari'ly formed as early diagen-

etic products and they occur in three prìnc'ipal manners: (l) as thin

siìty beds of cryptocrystalline dolomite with indjvidual crystals

vanying from 4 to B ¡lm in diameter; (2) as euhedral or subhedral

crystals varying from B to 40 ¡m in diameter" These occur in a manner

vary'ing from isolated occurrences of scattered rhombs replacing carbonate

mud, to compiete rep'lacement of the host sed'iment; and (3) as small

perfect euhedra of very inclusion poor or 'limp'id' dolomite crystals

whi ch I 'i ne bi rdseyes or fenestrae.

The cryptocrystalline dolomites are believed to have formed in the

supratidal setting by an evaporìte capì11ary mechanism. The finely

crystalline dolomites are believed to be products of either a seepage

reflux mechanism, or a Dorag styìe of mixing of meteoric and marine

waters.

By virtue of their deposition'in deeper waters, the Turner Valley

sediments were not so readi'ly subjected to earìy periods of subaerial

exposure and alteration.

Cements within the Turner Vai'ley

and rapìd syntaxial overgrowth cement

equant, blocky or fringe cements.

sediments occur primarí'ly as early

on echi noderm fraqments or as
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Dolomites of the Turner Valley Formation are coarsely crystalljne
and djsplay a selectivjty for altering mudstone, lvackestone and some

packstone unjts in preference to replacìng grainstone units. However,

the anomalous occurrence of completely dolomitjzed skeletal grainstone

units occur. l{ithin these un'its, dolomite pseudomorphica'l1y repìaces

fragments of echinoderm plates whìch indicates a ìengthy and slow

process of dolomitization. It is possib]e, therefore, that Turner

Valley dolomites are more coarsely crystalline than those of the Shuncla

Foramtion due to ìonger episodes of exposure to dolomitìzing fluids"

Porosi ty Devel opment

No primary porosity was recogn'ized within sedìments of either the

Shunda or the Turner Valley Formation.

The more porous units investigated w'ith'in the upper portion of the

Shunda Formation display porositjes of, from 6.1 to 8.6 percent and

permeabil ities from essential'ly hon-permeable to 0.23 mill idarcies.

Porosity types jnclude fenestral, vug9y, moldic and fracture.

cementation was responsible for the occlusion of much of the

prìmary pore space. Present pore space is pri'marì1y related to

varying amounts of dl'ssolution of this cement, possib'ly due to exposure

to subaerial vadose zone of diagenesis. The low permeabilitjes

observed are a function of recrystallization of the micrît'ic matrix to

ìmpermeabl e microspar.

Selected sediment types of the Turner va11ey Formation yieìded

porosity va]ues from 'l.8 to 8.2 percent and perrneabîl'ities varying
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from 0.01 to 0.52 nilljdarcies. The most w'idespread form of porosity

developed rvìthjn these sedjments is of an intercrystall ine nature

produced by the formation of coarsely crystalline dolomite rhombs.

Variable amounts of moldic, interparticle, vuggy, fracture, .intrapartjcle

and fenestral porosity occur as well "

Thus, the development of porosity and permeability within Turner

va]'ley sediments is distinctly different from that of the shunda

Formation and is related to a relative'ly longer epîsode of dolomitization.



-80-

References

Bandiozaman'i , K. , 1973, The Dorag dolom'itization model - appl ication

to the Middle 0rdovician of Wisconsin: Jour. Sed. Pet., v. 43,

pp.965-984.

Bathurst, R.G.C.,1966, Boring a1gae, micrite envelopes and lithìfica-
atÍon of molluscan biosparites: Geol. Jour., v. 5, pp. l5-32"

, 1975, Carbonate sedîments and their d'iagenesis, Znd

êd., Elsevier, Amsterdam,620 pp.

Beach, H.H., 1943, Moose Mountain and Morely map areas: Geol " Surv.

Can., l4em. 236, 64 pp.

Beales, F.ld., 1958, Ancient sediments of Bahaman type: Bull. Amer.

Assoc. Petrol. Geol"e v. 42" pp" lB45-.l880"

Bourrouilh, F., 1972" Diageneses reclìfale: Calcit'isation et dolomit"i-

sation,.'leur repartit'ion hoirzontale dans un atoll souleve, Ile

Lifou, Territolìre de la Nouvel le Caledonie: Cah. ORSTR0M, Ser.

Geol., v. 4, pp. l2l-148"

Brj cker, 0. P. , 1971 , Carbonate Cements : John Hopkí ns Press , Bal timore,

376 pp.



-81

Choquette, P.l^J., and Pray, 1.C., 1970, Geologìc nomenclature and

classification of porosity in sed'ìmentary carbonates: Bull.

Amer. Assoc. Petrol. Geol., v. 53, pp. 207-250.

Cussey, R., and Friedman, G.M., 1977, Patterns of poros'ity and cement

in ooid reserves t'n Dogger (Middle Jurassic) of France: Bull "

Amer. Assoc. Petrol. Geol ", v. 61, pp. 511-518.

Dapples, 8.C", 1967, Silica as an agent jn diagenes'is: în G. Larson

and G.V. Chil inger (eds. ) Diagenesis jn sediments - developments

in sedimen.tology, No. B, Amsterdam, Elsevier,244 pp.

Deffeyes, K.S., Luc'ia, F.J., and bJeyl , P.K", 1965, Dolom'itization of

Recent and Plio-Pleistocene sediments by marine evaporite waters

on Bonaire, Netherlands Antilles: in, Dolom'itization and limestone

dìagenes'is, L.C. Pray and R.C. Murray (eds. ), Soc" Econ. Paleon.

Min., Spec. Publ. No" .l3, pp. 7l-88.

Djckson, J.A.D., 1965, A modified staining technique for carbonates jn

thin sections: Nature, v. 205, p " 587.

Douglas, R.J.t¡j", 1958, Mount Head map-areae Alberta: Geol " Surv. Can.,

Mem. 291, 64 pp.

Dunham, R.J., 1962, Class'îfication of carbonate rocks according to

depositional texture: Bull. Amer. Assoc. Petrol " Geol.,

Memoir I , pp" 1 08-l 2l .



82-

, 1963, Early Vadose Silt in Townsend Mount (Reef)

New Mexico: 'in Depositional Environments'in Carbonate Rocks,

G.M. Friedman (ed.), Soc. Econ. Paleon. Min., Spec. Publ. No. .l4,

pp. l82-191.

Evamy, 8.D", and Shearman, D.J., 1965, The development of overgrowths

from echinoderm fragments: Sedimentology, v. 5, pp. 211-233.

Folk' R.L.' .]959' Practical petrographl'c classification of li'mestones:

Bull. Amer. Assoc. Petrol. Geol., v. 43, pp. l-38.

,1965, Some aspects of recrystallization in ancjent

lÌmestones: ì¡ L.C. Pray and R"C" l4umay (eds"), Dolomìtization

and limestone diagenesis, Soc. Econ. Paleon. l4ineral., Spec. Publ.

1 3, pp. l 4-48.

, and Land, 1"S., 1975, Mg/Ca ratio and sal'inìty:

two controls over crystallization of dolomite: Eull. Amer. Assoc.

Petrol. Geol.e v.59, pp" 60-68"

Friedman, G.M., and Kolesar, P.T.,1971, Fresh-water carbonate cements

in 0.P. Bricker (ed. ), Carbonate Cements, John Hopkins University

Stud j es j n Geo'logy, No . I 9, pp " 122-123 "

, Amiel , 4.J., Braun, M., and l4iller, D.S., 1973,

Generatìon of carbonate partrìcles and laminites in algal mats-

example from sea-marginal hypersa'line poo'l , Gulf of Aqaba, Red

Sea: Bull " Amer. Assoc. Petrol. Geol. e v.57, pp. 541 -557.



-ÕJ-

Havard, C., and 0ldershaw, 4., 1976, Ear]y diagenesis in back reef

sedjr¡entary cycles, Snìpe Lake reef complex, Alberta: Bul I .

Can. Soc. Petrol. Geol., v. 24" pp. 27-69

Heckel , P.H. , 1972, Ancient shal lot,'J marine environments: in J. K. R'igby

. and l¡J. K. Hambl in (eds. ) , Recognî'tiqq of ancient stratigraphy

environments, Soc. Econ. Pal eon. Mineral . , Spec. Publ " 17 
"

pp.226-286.

Hsü, K.J., and Siegenthaler, C., 1969, Preljminary experjments on

hydrodynamic movement'i'nduced by evap0ration and the'ir bearing 0n

the dolomite prob'lem: Sedimentoìogy, v. 12, pp. 11-26.

I11ing, 1.V., 1959, Cyclic carbonate sedimentatìon ín the Flississippìan

at Moose Dome, southwest Ajberta: Alta. Soc" Petrol. Geol.

Guidebook, 9th Ann. Field Conf", pp. 37-52.

Kobluk, D.R., 1976, M'icritie envelope formation, grain bjnd'ing, and

porosìty modifjcation by endoìr'thîc (boring) algae ín calcaren'ites

in modern and ancient reef environments, (abs.): Program Wlth

Abstracts, v. l, Geol. Assoc. Can. 29th Ann. l4eeting, P.78,

Kohout, F.4., 1967, Ground-water flow and the geothermal reg"ime of the

Floridìan plateau: Gulf coast Assoc. Geol. Soc. Trans. e v. 17,

pp. 339-354



-84-

Land, L.S., 1970, Phreatic versus vadose meteoric diagenesis of

I jmestones: evi dence from a fossi I water tabl e: Sedjmentol ogy,

v. 14, pp. 175-185.

, 1973a, Contemporaneous dolomjtization of middle

Pleistocene reefs by meteoric water, north Jamaica: Marine Sc'i.

bull., v" 23, pp. 64-92

, 1973b, Holocene meteoric dolomitization of Pleistocene

limestones, north Jamaica: Sedimentology, v. 20, pp. 411-424.

Lindholm, R.C", 1969, Detrjtal dolomjtes in Onondaga Limestone (Midd'le

Devonian) of New York: its ìmplìcatîons to the dolom'ite quest'ion:

Bull. Amer. Assoc. Petrol. Geol., v. 53, pp. 1035-1042.

Longman, M.lal. , 1977, Factors Control l ing the Format'ion of M'icrospar in

the Bromide FormatÌon: Jour. Sed. Pet., v. 47, pp. 347-350.

Lucia, F.J., 1962, D'iagenesis of a crinoidal sediment: Jour. Sed. Pet.,

v" 32" pp. 838-865

Mamet, 8.1., 1976, An atlas of microfacies in Carbonl'ferous carbonates

of the Canadian Cordl'llera: Geol. Surv" Can., Bull. 255", 82 pp.



-85-

Manheim, F.T., 1967, Evidence for submarjne dìscharge of water on the

Atlantic continental slope of the Southern United States, and

suggestions for further research: l,lew York. Acad. Sci. Trans.,

ser. 2, v. 29, pp. 839-853"

Macqueen, R"lrl., and Bamber, E.l{. , 1967, Strattìgraphy of Banff and

Lower Rundle Group, Southwest A'lberta: Geol. Surv. Can.

paper 67-47., 44 pp.

, and Mamet, 8.L., 1972, Lower Carbon'iferous

stratigraphy and sedjmentology of the southern Canadìan

Rocky Mountaj ns : I.nternational Geol ogical Congress Gui debook,

Fìeld Excursion Cl7, 68 pp"

l\azzullo, S.J., and Friedman, G.Ivl., 1977, Competìtive aìga]

colonization of perit'idal flats in a schizohal ine env'ironment:

the lower Ordovìcian of New York: Joun. Sed. Pet., v. 47,

pp. 398-41 0.

McCrossan, R.G., and Gla-ister, R.P., 1964" Geologic history of l,rlestern

Canada: Al berta Soc. Petrol " Geol . , Cal gary, Al berta " 232 pp.

Middleton, G.V., 1963, Facies varîat'ions in Mississippian of Elbow

Valìey area, Alberta, Canada: Bull. Amer. Assoc. Petrol. Geol.,

v. 7 , pp. I Bl 3-l 827.



-86-

Moberly, R., 1973, Rap'id chamber-filIing growth of marine aragonite

and Mg-calcite: Jour. Sed. Pet., v. 43, pp. 634-635.

Mul ter, H.G., and Hoffmeisten, J.E., 1968, Subaerjal laminated crusts

of the Florìda Keys: Bull. Geol. Sccoc. Amer.e v.79, pp.183-192.

Murray, R"C., and Lucia, F.J., 1967" Cause and control of dolomjte

di stri bution by rock sel ectivi ty: Bul I . Geol . Soc. Amer. e v . 78 
"

00.21-36.

Penner, D.G., 1958, Miss'issipp'ian strat'igraphy of the southern Alberta

pìa'ins: Amer. Assoc. Petrol " Geol ., Jurrassjc and Caboniferous

of trJestern Canad_a, pp " 260^288"

Petryk, 4.4., and Mamet, 8.1., 1972" Lower Carboniferous a'lgal

microflora, southwestern Alberta: Can. Jour. Earth Sc'i ., v.9,

pp"767-802.

Pray, L " C. , anc Choquette, P.l{. , I 966, Genesi s of carbonate reservoi r

facjes (abs.): Bull. Amer. Assoc. Petrol. Geol.e v. 50, p. 632.

Procter, R.['I., and MacaulêV, G", 'l968, lvliss'issipp'ian of lJestern Canada

and l¡Jjlliston Basín: Bull. Amer. Assoc" Petrol. Geol.e v. 52"

pp. I 956-l 968.



-87 -

Purser, 8.H., 1969, Syn-sedimentary marine lithificatjon of Middle

Jurassic I ìmestones in the Paris Basjn: Sedimentology, v. 12,

pp. 205-230.

Randazzo, A.F.u Stone, G.C., and Saroop, H"C",1977, Diagenesis of

Middle and Upper Eocene carbonate shoreline sequencese central

Florida: Bull. Amer. Assoc. Petrol. Geol.e v. 6,l, pp" 492'503

Rupp,4.l,l., 1969, Turner Va11ey Formation of the Jumping Pound Area,

Foothills of Southern Alberta: Bull. Can. Petrol. Geol., v. 17,

DD. 460-485.

Shinn, E.4., Ginsburg, R.N., and L1oyd, R.M., .|965, 
Recent supratidal

dolomite from Andros Island, Bahamas: Dolomitizatjon and limestone

d'iagenesìs, L.C. Pray and R.C. Murray (eds.), Soc. Econ. Paleon"

Ì'lineral ., Spec. Publ" 13, pp. 112-123,

Shinn, E.A., 1968, Practical significance of birdseye structures ln

carbonate rocks: Jours. Sed. Pet., v. 38, pp. 215-223.



-BB-

PLATT I

Outcrop Photograph, Sedimentary Structures and Constituent Grains
of the Shunda Formation

l. 0utcrop photo of Shunda/Turner Val'ley contact in quarry on the east
flank of the Dome.

2" Burrowed 'lagoonal mudstones of the Shunda Formation"

3. Shunda iagoonal mudstone containing a filament of the Dasycladacean
a'lgae spec'ies Kamaena (A)"

4. Shunda ì agoonal mudstone contai ni ng tha'l I us of the al gae spec'ies
Proninella (A) and fractured skeletal grain (B).

5. An intertidal oncolit'ic grainstone unit of the Shunda containing
abundant pel I ets and mì cri ti c 1 umps "

6 " Photomi crograph of samp'le i n Pl ate I -5 "
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PLATE 2

Sedimentary Structures and Constituent Gra.ins
of the Shunda Formation

l. 9l.glit'ic pac'kstone of the Shunda Formation containing abundant
birdseyes. several of the oncorites have compound nuclei.

tsirdseyed mudstone of the shunda Formation containing numerous
cal ci spheres "

cryptocrystalline laminated muds of the shunda (A) have been
eroded by a small tidal distributary channel (B).' The channelis comprísed of an oncolitic grainstone unit.' Íntertidal
b'irdseyed mudstones (C) cap thïs sequence.

Horizontal sheet crack Ín a b'irdseye peììetal mudstone whose
Jg1vu. port'ion is infil led mechanicâr'ly with micrite and pel lets(A) and whose upper portion is infillä¿ Oy càmãnt, igj.-
Englargement of a portion of plate z-4 revealing peìlets washedinto the sheet crack (A) are very sjmilar to peilätr inttlìinõ-
birdseyes (B).

Enlargement of sheet crack Íllustrating mechanicalìy introducedmÍcrite (A) precedes the precipitation of a drusy cãlcite cement
(óJ.
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PLATE 3

Sedimentary Fabrics and Textures of the
Shunda Formation and the Turner Valley Formation

l. Photograph of a birdseye dolomite mudstone of the Shunda upon
which an irregular erosional surface is developed (A). Reworked
and bleached clasts of the dolomite overlie the un'it (B).

2. Photograph of a dense subaerial lam'inated crust (A) developed
upon an erosional surface within a birdseye mudstone (B) of
the Shunda Formation.

3. Photomicrograph cf subaerial crust in Plate 3-2. Note how the
erosìonal surface transects both matríx and skeletaì graìns.

4. 0olitic grainstone from within an offshore bar or shoal of the
Turner Vaì'ley Formation. The chamber of a brachiopod (A) has
been infilled with oolites (B).

5. High energy open marine deposit of the Turner Va'l'ley Formation
comprised almost exclusively of echinoderm detritus"

6. The lowermost unit of the Turner Valley Formation 'is formed' largely of echinoderm detritus (A) with lesser amounts of
other skeletal debris (B).
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Sedimentary Structures of the
Turner Valley Formation

l" Moderately abrupt bedding contact in the Turner Vaì'ley Formation
between high energy open marine skeletal grainstone (Á) and low
energy mudstone (B) which contains numerous bumows (c).

2. Poor'ly sorted echinoderm wackestone of the Turner Valìey Formation
which contaíns intact crinoid stems and calyxs.

3. An erosional surface with calcareous shale deposìted upon it (A)
cross-cuts the bedding ín an oolitic shoal (B) of the Turner
Vaì 'ley Formati on.

4" Very low energy open marine muds of the Turner Vaì1ey (B) containing
frequent intercalatíons of shale (A).

5" Intra-formational conglomerate of the Turner valley Formation
displaying rip-up clasts (A) of rime wackestone (B) which are-"f 

ì oat'ing" j n a matri x of skel etal grai nstone (C ) .

6. The basal bed of the Mount Head Formation consists of a dolomitic
siltstone which has ripple marks on its upper surface.



.Þ I

Þ

ffi
in

ffi W
ru r* Þ 4 ¡!

[ &

& I t

tr
ç,

Þ I $l

I fu

ffi N (J ä

& I &
Þ I Õ



-92-

PLATE 5

D'iagenesis - B'ioìogical, Neomorphism
Cementati on

t.

2.

1J.

4.

6

6"

Boring action of microorganisims (a1gae?) has drastica'lly
altered this crinoíd fragment within the Turner Valley
Formati on.

Photomicrograph of a Turner Valley grainstone in which
echinoderm fragments (A) have undergone boring (B). The
ìarger borings may have been created by gastropods (C).

High amounts of argiìlaceous'impurities are present in the
aneas of neomorphic spar development (A) in a skeletal
wackestone of the Turner Valley Formation.

Photomicrograph of a shunda birdseye which is lined with
several generations of a "1umpy" micritic druse cement
(arrows ) .

0olitic grainstone from the Turner vaì1ey Formation in which
early micrit'ic drusy cements (B) have been fragmented during
compaction and fracturing of a l'ithoclast (A).-

0oolitic grainstone from the Turner valley Formation coated
by a layer of micritic druse and then fractured (A)" A later
generation of equant druse (B) formed on the exposed surface.
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PLATE 6

Diagenesis - Cementation, Dolomitjzation

l. Echinoderm fragments within the Turner Valley Formation (A)
commonly have syntaxial overgrowth cements (B) in optical
continuity with the host grain.

2" Equant calc'ite cements are very common as void fillings 'in

Shunda birdseye mudstones.

3. Equant calcite cement (A) precipitated in the zoecial openings
of a bryozoa (B).

4. Geopetal infillìng of vadose silt (A) within a b'irdseye of the
Shunda Formation.

5" Photomicrograph of early diagenet'ic limpid dolomite cement (A)
within: a birdseye of the Shunda Formation. Note the clearness
and almost perfect crystal form of the dolomite rhomb.

6. The inclusion pattern (A) within complete replacement dolomites
of the Turner Va11ey Formation frequent'ly reveals the presence
of skeletal qrains.
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PLATE 7

Diaoenesi s - Dol omi ti zation

I . Compl etely dol omìtlìzed skel etal sand of the Turner Vaì 1ey
Formation in which a 'ghost' of a skel etal grain (,4) is
recognizable due to an increase lìn crystal size and a reduction
of inclusions within the dolomîte

2" Aggrading neopmorphic rhombs of dolomite distributed throughout
the matrix and cement of a pelletal mudstone of the Shunda.

3. Rhombs of dolomite (A) rep'lacing cement are relatively'inclusion-
poor in comparison to dolomite whjch replaces micrite (B).

4. Neomorphr'c dolomite rhomb (A) repìacìng calcite overgrowth cement
on an echinoderm fragment of, the Turner Valley Formatjon.

5. Al ternating ìnclusion-rl'ch and inclusion-poor zones within
dolomite ciystals (A) of the Turner Valley Formation.

6. A zoned dolomite crystal (A) of the Turner Val1ey Formation'in
which the core (B) has been removed by leaching.
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Diagenesis - Dolomitìzation

l. 0olitic pelletal grainstone of the shunda Formation in which
dolomite has selectiveìy repìaced some cores and layers of
ool i tes.

2" Selective replacement by dolomite (A) of micrite rich layers
within an oncolite of the Shunda Formation.

3. Selectjve replacement by dolomite crystals (A) of micrjte matrix
surrounding an oncolite of the Shunda Formation.

4. selective and pseudomorphic rep'lacement by dolomite of an
echìnoderm plate (A) while echinoderm ossicles lB) rpmain
unal tered.

5. Enìargement of Plate 8-4 revea;liing a permeabìe mi'crostructure
exists wjthin the echinoderm pìate.

6. Etching of the calcite portTon of the echinoderm prate in
Plate B-4 reveals the dolomitization process to be most complete
at the outer grain surface and least complete at the grain centre"
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PLATE 9

D'iagenesis - Dolomitization, Hemat'ite,
Si I ici fication

l. Alternating'lamellae of very fine-grained sand-sized (A) and
silt-sized (B) particles of detrital quartz, fe'ldspar and
dol omi te.

2. En'largement of Plate 9-l t evealing we'll rounded dolom'ite grains
(B)" some of which have clear subhedral overgrowths deve'loped
upon them (A).

3. Globular grains of hematite withjn a dojom'ite mudstone of the
Shunda Formation.

4. Replacement of a bryozoan frond by hematìte.

5" Granular mosaic of megaquartz (A) possibly replacing fossil
material in a skeletal wackestone of the Turner Va'l1ey Formation.

6" Coral fragment with megaquartz cement infilling the chambers of
the coral (A) while the chamber walls (B) have been replaced
with microcrystalline quartz.
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PLATE IO

Di agenes'is - Si I 'ici f j cati on, Pressure Sol ut-ion

Echinoderm fragments (A) in an echinoderm grainstone are
cemented with a megaquartz cement (B) which has partial'ly
repìaced the outer portions of the echinoderm fragments (C).

An.enlargement of Plate l0-l showing the echinoderm fragment(A); the megaquartz cement (B); iñclusions of micrite in
the megaquartz where it has rep'laced the echinoderm (C); an¿
megaquartz replacement of a drusy calcíte cement on the
echi noderm (D ) .

Development of sutured gra'in boundaries between echinoderm
fnagments due to pressure solution (arrows).

A rhomb of rep'lacement dolomite contaÍns a 'ghost' of the
sutured contact between adjacent echinoderm grains.

A
l-
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PLATI I I

Poros i ty and Permeabi 'ì 'i ty

Dissolution of cement from within birdseyes and fenestrae beneath
a green shale facies of the Shunda Formation.

Photomicrograph of rock samp'le in plate ll-l showing dissolution
of calcite from the birdseye and dolomite from the matrix.

selective dissolution removing cements from b'irdseyes in a patchy
fashion is common within the Shunda Formation.

Dolomitized skeletal wackestone of the Turner va11ey Formation
contajning ìntercrystalline and moldic poros.ity (A).

Dolomitjzed fine-grained skeletal wackestone of the Lower porous
i'lember of the Turner va'l 1 ey Formati on conta in i nq qood i nter-
crysta'll i ne and moldic porosi ty"

Dissolut'ion of dolomite rhombs (A) which replaced an echinoderm
fragment (B) increases porosity locaily but does not contribute
significantly to increasing permeabil ity"
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