
• 

• 

Diagenesis and reservoir characteristics of Upper Devonian Leduc 
dolostones, southern Rimbey .. Meadowbrook reef trend, central Alberta. 

by 

Eva Drivet 

Department of Earth and Planetary Sciences 
McGiII University 

Montreal, Canada 

December, 1993 

A thesis submitted to the Faculty of Graduate Studies and Research in partial 
fulfilment of the requirements 

for the degree of Master of Science 

© Eva Orivet 1993 



Nome Dr; vet Eva 
D/Isertaf/on Absfrad; inlernaf/o-n~/ls orranged by broad, generul sublect categones Pleose select the one sub,ect whlCh mc:.<;t 
neorly deswbes the c.ontent of your disserta lion Enter t~e correspandmg four-digit code ln the spaces provlded 

Ea rth Sc i en ces , Geology 
SUBJECT TERM 

Subject Categories 

'HI HUMAN"IES AND SOCIAL SCIENCES 
COMMUNICATIONS AND THl ARTS 
Arch,tf'dur!' 01')9 
Art ~l"tf)ry 0171 
(,,,"ntr' 0\100 
Don'" 0178 
1 tr,p Ar" 0357 
InfurmtJho" (")llfJOff' 0721 
j",,,,,,,t,,m 0 191 
IIIHmy'x, ... ",,, 0199 
M(J\~ ( ornmur!lrolll)tI. 010B 
Mu," 0~13 
C'J)(tflf h ( (JOlmtHWuI!Of) 04')9 
lhf"lIN 046'> 

lDUCAT~ON 
("",,.,,,1 
Aflrmtll\trrJtloll 
Adlllt und (onllflUlnq 
A'l'I<uhlorrtl 
Ait 
Bd'""u,,1 "nd Mul", ult", ,,1 
B"ml(~\" 
( omflH Hltty ( ollt'qf' 
(orfte ulum (JIjel 11I\lrudlon 
r orly ( h rldhO<KI 
Il,·nlflllt(J'Y 
l'IUIIHf> 

(,I)ulonn- cmd (ollrl'll'llllq 

"",1/10 
HI'Ih,·, 
Ifl\lo,y 01 
HOlTlP [( OnUrT11( ~ 
11111,,,,, ,,,1 
lnnyunl)p und l,II'IOlllfP 

Muth'fT1n'lC') 
MU!.1t 

l'h,lmophy ni 
l'hy\lcol 

O~15 
0514 
0516 
0517 
0271 
0282 
0688 
0275 
0777 
0518 
0524 
0177 
0519 
06BO 
0745 
0570 
0278 
0521 
0179 
0780 
0522 
0998 
0~23 

Plych"loqy 
Rl'Udlnq 
Rellq'ous 
Sc.r'n«!~ 
SN:ondory 
rXK:lol Sc Icnce\ 
S()c,dO<Jt 01 
Speclol 
Tro,h", Training 
lr,hnology 
Tf'~I!t on(r Mt."<l!turf"mcnh 
Voco"onal 

LANGUAGE. LlURATURE AND 
LlNGUISTI(S 
language 

Ge"pral 
AnclPn' 
[II1gU'Stl(S 
MOdern 

l,lproture 
General 
(lasSlcal 
( ornpara"ve 
Med,eval 
Modern 
Afflcan 
Amencon 
ASH]n 

(onad,an IEng'''h) 
Conod'nn Frellch) 
Engl"h 
Gc-rmanl( 
lotln Amcrtcun 
Middle Emlc," 
Romnnc(' 
Slo"'c nncl Eo,,' fur 0r(>o/) 

THE SCIENCES AND ENGINEERING 
IIOlOGIOl SCllNClS 
Agllwltu, e 

Geop, al 
Agrooomy 
An,mal Ct,It\JIr (!I1rt 

Nutrition 
An,mal Pnrlloloqy 
f l""l !x,enre and 

Tf'< h nnloqy 
1 or","} l1ndW,ldl,I., 
"'nnt luit"," 
Plnnt Potholoqy 
Plnnt PhYSloli,\JY 
~ongf' MonoqcrnPllt 
WoOd l",hnüitxJY 

Il,ol'~IY , 
(",n",ol 
Anatomy 
Hr(l,tu"\t" .. 
(I"t"n)' 
("I! 
[rot''':.IY 
1 nto,"okxty 
lJ-en,-.t,c\ 
l"''''nlo.)} 
MIC,ob,:,I0'l, 
M"I .... "I'" 
Nf'lH O\tl('l1l..l' 

Ou'On"\l'aplr) 
rh~"olog\ 
Rlld,utlon 
Vetf'llnor)' !x1f>!lC.f' 
10010..1' 

!:\ll1ph-'''\'l' 
C"t"fl~rol 
M"~'«ll 

lARTH S(IEN(IS 
t'KXlf'CXh t -ml\t,y 
l~ht"n",h) 

04n 
0285 

0475 
()476 

0359 
(W8 
0,179 
0480 
0817 
0777 
D?oUl 

0106 
0287 
03013 
030Q 
0379 
D329 
0153 
0.169 
079J 
0410 
0301 
0117 
0416 
0433 
0821 
0778 
0412 

Gcod"'y 
Gcology 
GcophySlcs 
Ity~,ology 
MIflcfOlogy 
Paleobotony 
Palcœcotogy 
Pulcontology 
Pnlpozoology 
Pnlynology 
Phy"cul Geogrnphy 
Phy"ml OtconogrnfJh} 

HIALTH AND lNVIRONMINTAL 
SClINC(S 
f n\llronmpntol SCICllCPS 
Henlth 5< ,pncel 

(,enerol 
Audlology 
rI\f'mo/helopy 
Drn/rstry 
ldlJcntlnn 
Hos.p,tnl MonogcrY)pnt 
Human Devclopmen/ 
Immunology 
Med,cone "nd Surgc') 
Mpntol Hrollh 
NU'Slng 
Nutrition 
Ob~te/ri" (11,,1 Gynecology 
Occupatlonol Heollh and 

Theropy 
Ophtholmology 
Po/halogy 
pf,a, noco1ogy 
Pharmacy 
Physlcal Thorapy 
Publ,c H""lth 
Rod'ology 
Rcc ,(>Ot,on 

0525 
0535 
0527 
07,4 
0533 
0534 
0340 
0529 
0510 
0710 
0288 
0747 

0679 
0289 
0290 
0291 

0401 
0294 
0295 
0297 
0298 
0316 
0591 
0305 
0352 
0355 
0593 
0311 
0312 
0315 
0313 
03 J 4 

03 7 0 
0372 
0373 
0388 
0411 
0345 
0426 
0418 
098') 
0427 
0368 
0415 

0168 

0566 
0300 
0992 
0567 
0350 
0760 

0758 
0982 
0564 
0347 
0569 
0570 
0380 

0354 
0381 
0571 
0419 
0572 
0182 
0573 
0574 
0575 

PHILOSOPHY, RIUGION AND 
THlOLOGY 
Phllasophy 
Rehglan 

Gener,,1 
8Ibl,caIStud,e\ 
CJergy 
H"tory 01 
Ph dosaphy of 

lheology 

SOCIAL i(IINClS 
Amerlcan Slud,el 
An/hropology 

Archaeology 
Cultural 
PhySicai 

BUSiness Admln1!tlrohor' 
General 
Accoun'Ing 
8an~IPg 
Managemc"t 
Markeling 

(onad,an Stud,es 
~conomIC~ 

General 
Agncul/urol 
Commerce Busme" 
Finance 
H,story 
labor 
Tfreory 

tolklore 
Gpography 
Geron/ology 
HIStory 

General 

Speech Pathology 
Tox,cology 

Home Econorn'" 

PHYSICAl 5CllN«(S 
Pure Sciences 
ChemIStry 

General 
Agncultu,ol 
AnolyllCol 
Blodwmlstry 
Inorgon!C 
Nudeor 
Organlc 
Pharmace,,/Ical 
Phy~lcol 
Poll'me, 
Rad,ahon 

Mothemal,(; 
PhySics 

General 
AcoustlCs 
A'ironomyand 

Astrophy"" 
Almosphe"c SClenLe 
Alomlc 
Elec/rot1lc< and EleclrtClly 
Elemen/ary Partlcles and 

High Ene'gy 
Fk"d and Plalma 
Male<.ular 
Nuclear 
Optlcs 
RadiO/Ion 
Sol,d Stote 

StollSlles 

Applied Sciences 
Applled Mechanlcs 
Computer SCience 

0422 

0318 
0321 
0319 
0320 
0322 
0469 

0323 

0324 
0326 
0327 

0310 
0272 
0770 
0454 
0338 
0385 

0501 
0503 
·')505 
0508 
0509 
0510 
0511 
0358 
0366 
0351 

0578 

0460 
0383 
0386 

0485 
0749 
0486 
0487 
0488 
0738 
0490 
0491 
0494 
0495 
0754 
0405 

0605 
0986 

0606 
0608 
0748 
0607 

0798 
0759 
0609 
0610 
0752 
0756 
0611 
0463 

0346 
0984 

'''--0 "T"""""13 -.-, ---"7 I---'~ U·rvf-I 
SUBJECT COO'E 

Anuent 0579 
Medieval 0581 
Modern 0582 
Black 0328 
Afncan 0331 
AStO, AUllraha and OCOO'"O 0332 
Canod,an 0334 
European 0335 
Lalln Arnencon 0336 
MIddle Eastern 0331 
United Sia/os 033, 

H,stary of SCience 0585 
law 0398 
PoI,llcal SCience 

General 
1 nterna"ono: ln"" oml 

RelatiOns 
PubliC AdminIstration 

Recreation 
'ioclal Work 
50clolog( 

General 
Cnmlnologyand Penolo91 
Demograp'hy 
Ethnlc and RaCial S/ud,cs 
Ind,v,dual and Famdy 

Stud,es 
Industnol and labo, 

0615 

0616 
0617 
0814 
0452 

0626 
0627 
093& 
0631 

C628 

RelatIOns 0629 
Puhl,c fJnd SOCial Wpllore 0630 
SOCIal Sl,ucture and 

Developmen/ 
Theory (lnd Methods 

Transpollal,on 
Urban ond Regional Planr,,'," 
WOmen's Siudies 

Englneenng 
General 
AerasfXIce 
Agnculturol 
Automohve 
B,omedlCal 
Chem,cal 
c.,v,) 
Electronlc\ and Eleclflcol 
Heat and ThermodynamlCs 
HydrauliC 
Indust,,"1 
MOrlne 
Matenols Science 
Mechanlcol 
M<,lallur9Y 
MIOIflg 
Nuclear 
Packaglng 
Petroleum 
Sa'1ltary ond M .. mIL'pol 
System SCience 

Geolechnalogy 
OperatIons Research 
PlastiCS Technology 
Tex/de T echnology 

PSYCHOlOGY 
General 
Behav,aral 
CI,nlcal 
Developmcnlal 
Expenmental 
Industrrol 
Persona",>, 
PhyslolaSl,cal 
Psychob,ology 
Psychometncs 
Social 

0700 
0344 
0709 
0999 
0453 

0537 
0538 
0539 
0540 
0541 
0542 
0543 
0544 
0348 
0545 
0546 
0547 
0794 
0548 
0743 
0551 
0552 
0549 
0765 
0554 
0790 
0428 
0796 
0795 
0994 

0621 
0384 
0622 
0620 
0623 
0624 
0625 
0989 
0349 
0632 
0451 



Short title: 

Diagenesis and reservoir study of 
Upper Devonian dolostones, 

Alberta subsurface 



• 

• 

"Quelle que soit la puissance du télescope ou du 
Inicroscope, le problème est toujours le Blême; il s' agit de se 
rendre maître d'une apparence. par une vlIe de l'esprit libre, 
qui fait naître et renaître ensenlble le doute et la preuve" 

ALAIN 
Propos (Le courage de l'esprit) 
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GENERAL ABSTRACT 

Dolomitization of the Leduc Formation (Upper Devonian) along the southern 

part of the Rimbey-Meadowbrook trend in centré.:.l Alberta occurred early by 

pervasive replacement, and later by minor cementation. Replacive dok>m:tization 

postdates submarine cementation and deposition of overlying shales, overlaps 

stylolitlzatlon, éi:1d produces 3180 values indicating precipitation between 45 and 

75"C. Therefore, this dolomitization likely originated at bu rial depths of more than 

500 m. Strontium isotope ratios suggest that dolomitizing fluids were slighily more 

radiogenic than Upper Devoman sea water. Dolomite cements, however, are 

slightly depleted in oxygen-18, and contain primary fluid inclusions with hlgh 

homogenization temperatures and salinities reflecting the different fluids 

responslble for their formation. 

The distribution of pore types is governed by depositional facies, whereas 

effective porosity and permeability are strongly controlled by post-depositional 

processes. Late-stage cementation (anhydrite, dolomite, calcite, and native 

sulphur) reduces porosity. This cementation decreases northward, resulting in 

better reservoirs north of the Medicine River field, above present depths of 3000 

m. Replacement dolomitization modified original pore type distribution, improved 

permeability, and helped retain porosity because dolomites are more resistant to 

pressure solution th an limestones. Burial dissolution of dolomites may have been 

induced by mixing corrosion, maturation of organic matter, and thermochemical 

sulphate reduction . 
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SOMMAIRE 

Deux épisodes majeurs de dolomltlsation se distinguent au sein de la 

Formation Leduc (Dévonien Supérreur) située dans la partie sud de l'alignement 

de récifs Rimbey-Meadowbrook dans l'Aberta centrale: une dolomitisation dA 

remplact::ment abondante précédant une cimentation mineure par dolomite. Les 

dolomites de remplacement sont postaneures à la Cimentation sous-manne et aux 

dépôts d'argile sus-jacents. Elles se chevauchent avec les stylolrtes et .:mt des 

signatures Isotopiques d'oxygène qUI reflètent des températures de rréclpltatlon 

variant entre 45 et 75°C. Par conséquent, la dolomltisatlon de remplacement a 

débuté à des profondeurs de plus de 500 m, durant le Dévonien Supéneur ou 

après. Les rapports isotopiques du strontium indiquent que les fluides de 

do~omitisation étaient légèrement plus radiogénlques que l'eau de mer du Dévonien 

Supérieur. Comparés aux dolomites de remplacement, les ciments de dolomite 

sont appauvris en oxygène-18. Ils renferment des inclusions de fluides pnmalres 

qui révèlent des températures d'homogénéisation et des salinités élevées Ces 

données reflètent la composition différente et les températures plus chaudes des 

fluides qui ont précipité les ciments de dolomite. 

La distribution des différents types de pores est contrôlée par la nature des 

lithofaciès. Cependant, la porosité et la permeabilrté effective sont fortement 

affectées par la diagénèsl~. La cimentation tardive (anhydrite, dolomite, calCite, et 

soufre) a graduellement réduit la poroSité. L'abondance des ciments diminue vers 

le nord, ce qUI explique l'amélioration de la qualité des réservoirs au nord de 

Medicine River, à une profondeur d'enfOUissement inféneure à 3000 m. La 

dolomitisa!ion de remplacement a modifié la distribution originale des pores, a 

amélioré la perméabilité, et a permis de mieux préserver la poroSité durant 

l'enfouissement, la dolomie étant plus réSistante à la pression-dissolution que le 

calcaire. Des phases de dissolution se sont prodUites durant et après la 

dolomitization d'enfouissement, et ont put être engendrées pal des processus tels 

que la corrosion résultant du mélange de fluides avec des compOSitions et des 

températures differentes, la maturation de matières organiques, et la réduction 

thermochimique de suliate . 

ii 
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PREFACE 

The followmg statements are made in fulfilment of the "Guidehnes 

Concerning Thesis Preparation" of McGili University. 

This research project was initiated in June of 1991 under the supervision of 

Dr. Eric W. Mountjoy of McGili University. Dr. Mountjoy suggested the proJect 

based upon his previous work on subsurface Devoman Leduc dolomites ln the 

Western Canadian sedimentary basin (Laflamme, 1990; Amthor et al., 1993; 

Chouinard, 1993; Marquez, Ph.D. in progress). Two summers (1991 and 1992) 

were spent studying cores at the Energy Resources Conservation Board (ERCB) 

core lab in Calgary, and data were collected by the author, Dr. Mountjoy, and Dr. 

Amthor from seven fields: Homeglen-Rimbey, Gllby, Medicine River, Sylvan Lake, 

Lanaway, Garrington, and Bearberry. This manuscript IS a synthesis of the 

author's observations and interpretations of the Leduc dolomites at these locations. 

Responsibility for the content of this thesis rests with the author, except where 

indicated in the text. Dr. Mountjoy's name appears as junior author on the 

manuscripts contained within the thesis, having served as a supervisor, edltor, and 

having assisted in the field during the tenure of this project. 

Thesis fo.·~'U.t 

This thesis is comprised of four chapters. Chapter 1 is the general 

introduction. Chapter 2 is entitled, "Origin of Upper Devoman Leduc dolostones, 

southern Rimbey-Meadowbrook reef trend, Alberta: new texturai a"d geochemlcal 

evidence". It is a synthesis of observations and interpretations regarding the 

diagenesis, with special emphasis on the origin and timing of dolomitizatlon. 

Chapter 3 is entitled, "Reservoir characteristics and po rosit y evolution ln Upper 

Devonian Leduc dolomites, southern Rimbey-Meadowbrook reef trend, Alberta", 

Depositional facies and pore types are mapped and correlated ln the Homeglen­

Rimbey field to outline in detail the reservoir characteristics of the Leduc 

dolostones for this part of the trend. Chapter 3 also focuses on the effect of 

diagenesis, particularly dolomitization, on po rosit y evolution and uses the 
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interpretations in Chapter 2 regarding the origin of dolomites to constrain the 

environments of porosity generation. As such, chapters 2 and 3 complement one 

another. The general conclusions of the thesis, Chapter 4, are derived from the 

specifie conclusions in chapters 2 and 3. 

Chapters 2 and 3 are written as manuscripts for journal publication, and thus 

some repetition is unavoidable. An abstract that includes aspects of both chapters 

precedes this preface. A comprehensive reference list, and appendices are 

included at the end of the thesis. The descriptions of the wells logged are on file 

in the Department of Earth and Planetary Sciences, McGiII University, cIo Dr. Eric 

W. Mountjoy. 

Original contributions to knowledge 

ln recent years, the petrography and geochemistry of the dolomitized Leduc 

buildups and underlying Cooking Lake platform have been studied along the 

deeper (Laflamme, 1990; Marquez, Ph.D. thesis in progress) and shallower 

(Machel et aL, 1991; McNamara and Wardlaw, 1991; Amthor et al., 1993; 

Chouinard, 1993) portions of the Rimbey-Meadowbrook reef trend. The field area 

in this study overlaps geographically with these previously or currently studied 

fields and consists of carbonate reservoirs buried at depths of 2300 m to 3500 m. 

Chapter 2 of this dissertation reports new petrographie and geochemical data, (in 

particular carbon, oxygen, strontium isotopes and fluid inclusions), and integrates 

information already documented along the reef trend. Chapter 3 presents, for the 

first time, correlations of depositional facies and facies distribution maps of the 

extensively dolomitized Leduc Formation in the Homeglen-Rimbey field, and relates 

them to porosity and permeability. The main contributions of chapters 2 and 3 are: 

1. The diagenetic paragenesis for the intermediate burial portion of the 

Rimbey-Meadowbrook reef trend is established. 

2. Six types of dolomite are described including a fine-crystalline 

dolomite (30 to 60 J.lm) that has never been reported before and may, 

in part, represent a precursor dolomite prior to neomorphism. The 
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3. 

origin and timing of these dolomites are established on the basis of 

their spatial distribution, petrographie characteristics, paragenesis, 

and geochemistry. 

The replacement dolomites in the intermediate bunal part of the 

Rimbey-Meadowbrook trend (2300 to 3500 m) are very slmilar 

texturally and geochemically to those fram the deepest and 

shallowest portions of the trend, and probably originated ln the 

shallow to intermediate burial environment. 

4. New petrographie evidence for dolomite neomorphism are presented. 

They include: a) the distribution of crystals of Dolomite-R1 (30 to 60 

Ilm) interstitial to and within coarser replacement dolomite crystals 

(60 to 250 Ilm); b) texturai modification near fractures and pores of 

replacement dolomite to coarser, nonplanar crystals with undulose 

extinction; c) bright and dull luminescent bands of replacement 

dolomites along fractures; and d) zones of dolomite crystals that 

selectively replace the cloudy core of Dolomite-R2 crystals. The 

scarcity of these textures suggests that neomorphism of the Leduc 

dolomites was localised to a few fractures, stylolites, and pores. 

5. Late-stage diagenesis include anhydrite and blocky calcite cements, 

and free sulphur and may be related to thermochemical sulphate 

reduction reactions. 

6. Mappina of the depositional facies and pore systems in the 

Homeglen-Rimbey field combined with mapping of the main 

diagenetic cements contribute to the first detailed oulline of the 

reservoir character for this part of the Rimbey-Meadowbrook reef 

trend. 

7. D~scription of the fracturing and dissolution phases suggests that 

secondary porosity may have been generated, in part, ln the deep 

bu rial environment. This result has important Implications for 

hydrocarbon exploration: secondary porosity by deep burial solution 
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that occurs close to the onset of hydrocarbon maturation and 

migration is less likely to be further modified than porosity generated 

in ~,'Ie near surface environment. 
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GENERAL INTRODUCTION 

Upper Devonian Leduc carbonate buildups are located in the subsurface of 

Alberta, along the Rimbey-Meadowbrook reef trend (Fig.1). The Leduc Formation 

overlies the Cooking Lake platform and is enclosed in baslnal shales of the Ireton 

and Duvernay formations (Fig. 2). The Leduc buildups have been extensively 

dolomitized, except for a few slightly dolomitized bUildups; Golden Spike, 

Redwater, and Strachan D3B. The limestone Ledur. buildups have been discussed 

in detail, both in terms of their depositional environment and diagenesis (e.g. 

McGillivray and Mountjoy, 1975; Walls, 1977; Carpenter and Lohmann, 1989; 

Wendte et aL, 1992). Recent studies deal mostly with the petrography and 

geochemistry of the dolomitized Leduc buildups and underlying Cooking Lake 

plattorm along the shallowest and deepest portions of the Rimbey-Meadowbrook 

reet trend (Laflamme, 1990; McNamara and Wardlaw, 1991; Marquez et aL, 1992; 

Amthor et aL, 1993; Chouinard, 1993). They document the presence of two main 

types of dolomites: a widespread and abundant dolomite that replaced the original 

limestones, and a later minor dolomite cement that fills pores. On the basis of 

mass balance calculations, Amthor et al. (1993) concluded that an extensive 

regional fluid-flow system was necessary for complete dolomitization during early 

burial of the Rimbey-Meadowbrook reef trend. However, the source of these fluids, 

the extent of the regional fluid-flow system, as weil as a suitable dolomitizing 

mechanism are still uncertain. The present thesis area overlaps geographically 

with these previou~~ly studied fields and consists of intermediately buned (2300 m 

to 3500 m) carbonate reservoirs (Figs. 1 and 3; Table 1). Thus, our findings hnk 

the information on the diagenesis, in particular on the dolomites, already described 

updip and downdip of the field area. The objectives of Chapter 2 are: 1) to 

document new petrographie and geoehemieal data on the Leduc dolomites in arder 

to better constrain their origin; 2) to examine the effects of inereased burial on the 

distribution of the diagenetic cements; and 3) to investigate potential eVldence for 

thermoehemieal sulphate reduction related reactions . 

2 



Figure 1. Map of the Rimbey-Meadowbrook reef trend showing the distribution 
of Leduc buildups, extent of dolomitization in the Cooking Lake carbonate platform 
(modified from Amthor et al., 1993), and the location of the study area. Buildups 
are dolomitized where the margin of the Cooking Lake platform is dolomitized. 
Golden Spike and Redwater are situated off the margin and are not dolomitized, 
except for the westernmost part of Redwater (west of the dotted line). Townships 
and ranges are indicated and each are 9.7 km (6 miles across). IIsthll refers to the 
fifth meridian (116°W longitude). 
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Figure 2. Schematic subsurface Devonian stratigraphy of central Alberta 
illustrating the relationships of the Cooking Lake Formation platform, overlying 
Leduc Formation buildups, and adjacent basin sediments (Duvernay Formation 
source beds and ireton Formation basin fill) (after Stoakes, 1980). 
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Figure 3. Location of cores studied and cross-sections A-B-C, B-C', and 0-0'. 
Townships and ranges are shown and each are 9.7 km (6 miles) across. 5th 

refers to the fifth meridian (116°W longitude). 
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Table 1. List of wells studied. Core intervals are tram the Upper Leduc Formation except where 

• 
indlcated by an astenx. Petrographlc and geochemical data trom wells in bolds are also presented 
ln Amthor et al. (1993). 

Location Weil na me Cored 
intervals (m) 

13-09-33-04W5 Mobil Caroline 3383.0 - 3464.2 

07 -34-33·06W5* Dome et al. Lobley 3956.3 - 4025.5 

11-1 0-35-05W5 Tnad BPX HB Caroline 3352.5 - 3368.5 

11-06-36-03W5 Gulf Lanaway 2955.0 - 2991.4 

16-25-36-CÔW5 Chevron Garrington 3458.6 - 3489.4 

08-27 -36-06W5 Conteifa Garrington 3578.3 - 3596.3 

10-17-37 -03W5 Apache BA Sylvan Lake 2839.2 - 2885.7 

16-32-37-04W5 Chevron Sylvan Lake 2981.0 - 3004.4 

11-05-38-03W5 Apache BA Sylvan Lake 2781.0 - 2798.1 

06-04-38-04W5 Chevron Sylvan Lake 2956.5 - 2989.3 

06-20-38-04W5 Chevron Medicine River 3103.0 - 3141.0 

1 D-23-3S.Q4W5 Suncor et al. Sylvan Lake 3007.0 - 3015.0 

08-3G-3S-04W5 Chevron Medicine River 3105.7 - 3160.0 

16-11-38-05W5 D.W.O. et al Alhambra 2444.5 - 3078.8 

08-14-38-05W5 Texaco et &1 Medicine River 2948.0 - 3300.0 

14-28-39-03W5 Sunny Murphy Medicine 2814.0 - 2850.0 

01-3G-39-03W5 Chevron et al. Medicine 2924.5 - 3000.6 

10-07 -40-02W5 Cal. Std. south Gilby 2614.6 - 2646.0 

14-05-41-02W5 Chevron Gilby 2512.5 - 2535.8 

11-03-42-02W5 Cal. Std. Gulf Rimbey 2374.1 - 2405.8 

06-15-42-02W5 pep Homeglen Rlmbey 2390.0 - 2412.6 

07 -22-42-02W5 Chevron HRLU Homeglen 2398.0 - 2421.0 

07 -25-42-02W5** Calmont Rimbey 2394.5 - 2451.2 

09-25-42-02W5 Shell Rimbey 2396.6 - 2443.3 

11 -25-42-02W5 Imperial Rlmbey 2383.5 - 2448.5 

03-26-42-02W 5 Decalla-Dome Rimbey 2364.9 - 2397.3 

11-26-42-02W5 Imperial Rimbey 2400.9 - 2414.3 

11-35-42-02W5** Imperial Rimbey 2516.1 - 2532.0 

02-07-43-01W5 BA Reynolds 2305.8 - 2311.6 

11-07-4:J-01W5 BA CPR Reynolds #11 2323.5 - 2397.6 

11-20-43-01 W5 Chevron Homeglen Rimbey 236~1. 7 - 2366.8 

11-28-43-01 W5 Calstan Homeglen Rimbey 2426.1 - 2457.0 

03-29-43-01 W5 Calstan Homeglen Rlmbey 2407.9 - 2442.4 

11-29-43-01W5 Chevron Homeglen Rlmbey 2290.0 - 2294.4 

01-25-~3-02W5** Cal. Std. Rimbe~ 2446.3 - 2457.0 

• * Cooking Lake Formation; .. Duvernay/Leduc Formations 
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The petrophysical characteristics of limestone and partially dolomitized 

Leduc buildups presented in the literature have shown that their reservoir 

characteristics are related to depositional facies as weil as to diagenesis (e.g. 

Wendte, 1974; Walls, 1977; Walls and Bu rrowes , 1985). The Leduc dolomite 

reservoirs, however, have received IiUle attention due to the difficulties of studying 

depositional facies in rocks highly altered and modified by dolomitization. A 

regional study by Amthor et al. (submitted) using core analysis data demonstrates 

that matrix porosity in Leduc dolostones decreases gradually from township (twp) 

46 to 33 with increasing burial depth. Porosityand permeability trends within the 

Westerose Leduc dolostone buildup, presently buried to depth of about 2000 m, 

were mapped by McNamara and Wardlaw (1991) using core c.1nalyses and 

nonparametric statistical techniques. They concluded that, in general, permeability 

and porosity increase from reef flank to reef interior and from upper to lower reef. 

The Ricinus West gas field is a more deeply buried (4000 m) Leduc dolomite 

reservoir, in which the de position al facies control the distribution of the pore types 

despite strong diagenetic overprinting by replacement dolomites (Marquez, 1993). 

Chapter 3 expands this work with three objectives: 1) to construct a depositional 

framework and describe the reservoir characteristics of intermediately buried Leduc 

dolostones; 2) to evaluate the effect of dolomitization and later diagenesis on 

reservoir character and quality; and 3) to outline the potential processes capable 

of generatîng sufficient acidic fluids to account for the dissolution and porosity 

observed in the replacement dolomites . 
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CHAPTER 2 

Origin of Upper Devonian Leduc dolostones, 

southern Rimbey-Meadowbrook reef trend, Alberta: 

new texturai and geochemical evidence 

Eva Drivet and Eric W. Mounljoy 

Department of Earth and Planetary Sciences 

McGiII University 

Montreal, Quebec, Canada 

H3A 2A7 
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ABSTRACT 

Upper Devonian Leduc carbonate buildups along the southern part of the 

Rimbey-Meadowbrook reef trend in central Alberta have been extensively 

dolomitized and record a complex diagenetic history. The dolomite types occur as 

replacive and cement. Pervasive replacement dolomitization follows widespread 

submarine cementation and deposition of the overlying shales. and overlaps with 

stylolitization. This, combined with Ù180 values of -5.27 to -3.71%oPDB for 

replacement dolomites, suggests precipitation from fluids between 75 and 45"C, 

corresponding to burial of 1500 and 500 m respectively, during Late Devonian or 

later. 87Sr/86Sr ratios for replacement dolomites are similar ta, or slightly higher 

(0.70818to 0.70855) than Upper Devonian seawater (0.7080 ta 0.7083), indicating 

that the dolomitizing fluids were somewhat radiogenic. 

Two types of dolomite cements postdate replacement dolomites: a coarse 

and planar-e(s) Dolomite-C1; and a later very coarse and nonplanar Dolomite-C2 

(saddle dolomite). Dolomite-C1 has lower Ù180 values (-7.05 ta -3.96%oPOB) th an 

replacement dolomites, and has similar to slightly higher 87Sr/86Sr ratios (0.70830 

to 0.70950). These geochemlcal differences reflect the contrastlng compositions 

and temperatures of the fluids from which these dolomites formed. This, combined 

with the primary fluid inclusions (Th=98 to 142°C; salinity=17.9 to 20.4 wt%NaCI 

equivalent), indicates that Dolomite-C1 precipitated from hot bnnes under 

intermediate to deep burial conditions (>500 to <2800 m) likely during the 

Carboniferous to Cretaceous. Dolomite-C2 postdates dolomite-C1 and has lower 

Ù180 values (-9.34 and -8.78%oPDB) and a higher 87Sr/86Sr ratio (0.71087), 

suggesting precipitation from radiogenic fluids with ~ower oxygen-18 content, and 

possibly under higher tempe rature conditions than Dolomite-C 1. Blocky calcite with 

low Ô13C values (-17.9 and -6.53%oPDB), the presence of anhldrite cement, 

sulphides, and native sulphur, and of 30 to 90 mole% H;>S gases in deeply buned 

Leduc reservoirs (twp 33 to 39) ail support the occurrence of thermochemical 

sulphate reduction. This minerai assemblage is rare and the mole percent H;>S 

drops to 1.4 in the northern part of the study area, above present burial depths of 

about 3000 m . 
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INTRODUCTION 

A series of Leduc carbonate buildups (Woodbend Group, Frasnian age) are 

located along the Aimbey-Meadowbrook reef trend that extends 480 km in a 

southwest - northeast direction across central Alberta (Fig. 1). The shallowest reefs 

« 2000 m) are located northward in the updip part, with the burial depths 

increasing southward reaching more than 4300 metres in the Strachan and Ricinus 

areas (Marquez et aL, 1992). The study area includes seven fields located within 

the intermediate burial portion (2300 to 3500 m) \)f the reef trend. These fields 

include: Homeglen-Rimbey, Gilby, Medicine River, Sylvan Lake, Lanaway, 

Garrington, and Bearberry (Townships 33 ta 43, Ranges 1-7 W5), a distance of 

130 km along the central and southern part of the Rimbey-Meadowbrook reef trend 

(Figs. 1 and 3). One weil in the Harmattan area was also examined. These fields 

are completely dolomitized and contain replacement dolomites that sharply 

crosscut facies and members of the underlying Cooking Lake, and the overlying 

and adjacent Ireton, and Duvernay formations (Fig. 2). 

This paper summarizes research to date on Leduc Formation dolomites of 

the southern part of the Rimbey-Meadowbrook ree:f trend. The objectives are: 1) 

to integrate texturai and geochemical data in order to describe the diagenetic 

evolution of the Leduc dolomitized buildups and constrain the relative timing and 

origin of dolomitization; and 2) to map the distribution of the diagenetic phases 

along the reet trend. This work presents new texturai and geochemical data for 

the dolomites and calcites, thus complementlng former ana current studies dealing 

with updip and downdip equivalent reservoirs (Amthor et aL, 1993; Chouinard, 

1993; Marquez, Ph.D. in progress; Prof. Machel and his students at U. of Alberta) 

(Fig. 1). Furthermore, this paper demonstrates for the first time the variations in 

the amount and distribution of late-stage cements as a function of burial depth and 

their possible link to reactions associated with thermochemical sulphate reduction 

(TSR) . 
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METHODS 

This study includes an examination of cores from 35 wells trom seven fields 

(Table 1). Petrography involved the examination ot 201 thin sectiups stained with 

Alizarin red-S and K-Ferricyanide using the method outhned by Dlckson (1965). 

For crystal size, the apparent maximum dimensions of the dolomite crystals were 

measured or estimated using Folk's (1962) size scale. The percentage of the main 

diagenetic cement phases (dolomite cements, anhydrite, calcite, and sulphur) was 

visually estimated from cores, hand samples, and thin sections tram wells 

disiributed along a north-south cross-section of the study area (Fig. 5; Table 2). 

The results are semi-qualitative and reliability is within about 10% of the estimated 

value (e.g. 5% cement ± 0.5%). Cathodoluminescence properties of ail thin 

sections were studied using a Nuclide luminoscope, Model ElM-2, with a beam 

voltage of 10 Kv and a beam current of 0.5 Ma in a 40-50 mtorr vacuum under an 

air atmosphere. Ali thin sections were examined under diffused light, and blue light 

epifluorescence microscopy (480 to 520 nm). 

0.02 to 0.05 mg microsamples of dolomite (74) and calcite (15) were 

obtained using a moditied dental drill, and analyzed for carbon and oxygen 

isotopes at the University of Michigan. Samples were vacuum roasted at 380°C 

for one hour to rem ove organic material, and reacted in anhydrous phosphonc acid 

at 73 ± 2°C in a reaction vessel connected to a Kiel carbonate extraction device 

and a Finnigan MAT 251 mass spectrometer. Analyses were correcfed for 170 

using the procedure of Craig (1957). Carbon and oxygen isotoplc values are 

reported relative to the PDB scale, and have a precision of ± 0.05%0. 

Strontium isotopie compositIons were analyzed by Steve Whittaker using 

three separate procedures at three universities, including the University of 

Saskatchewan (U of S), the University of Alberta (U of A), and l'Université du 

Québec à Montréal (UCAM). Sr isotopic compositions were determined by 

dissolving the sample in eold 1.0 N HCI and then treating it with HN03 to destroy 

any organic mate rial present. Sr was separated from the sample by standard 

elution techniques using Helon 5 ml cation exchange columns at the U of S, by 
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co-precipitation with Ba(N03) followed by elution on standard 1 ml columns, and 

by elution with HN03 and H20 on columns containing 50lll of Sr Spec resin. 

Procedural blanks are (estimated) of less than 150 pg Sr for ail methods. The 

number of samples analyzed at U of S, U of A, and ~QAM is 4, 10, and 8 

respectively. Sr Isotopie compositions were measured using three separate 

procedures. At the U of Sand at the U of A, Sr was loaded as a chloride on Ae 

double filaments and analyzed on a multicollector, respectively. At UQAM, Sr was 

loaded on Ae single filaments with a Ta emitter and analyzed on a multicollector 

in dynamic mode. Errors associated with these analyses are reported as 20 

values. 86Sr/B8Sr ratios were normalized to 0.1194. The 87Srf6Sr ratio of NIST Sr 

987 determined at the U of S over the interval of this study is 0.710248 ± 27, and 

at the U of A, 0.71024. At this stage of the study, not enough data were obtained 

from UQAM to determme the isotopic ratio of NIST Sr 987. 

Fluid inclusions in crystal growth zones of dolomite cement were analyzed 

by Prokopis Kranidiotis using a Fluid Inclusion heating/freezing stage at McGiII 

University based on a USGS design (Werre et aL, 1979; Hollister et aL, 1981). The 

procedure is outlined in Coniglio and Williams-Jones (1992). The melting 

temperature of ice was corverted into weight percent NaCI equivalent using 

equations in Oakes et al. (1990). Aeported temperatures are accu rate to ± 0.3°C 

in the subzero range and ± 2°C for the highest temperatures measured. 

PETROGRAPHY OF LEDUC DOLOSTONES 

Six different dolomite-rock textures are classified according to clystal size, 

distribution, and crystal boundary shape (planar or nonplanar) using the 

classification of Sibley and Gregg (1987), and by porosity association (Fig. 4). 

Based on staining, the dolomites are ail non-ferroan. Dolomite-R1, R2, A3, and 

R4 are replacive, and Dolomite-C1 and C2 (saddle dolomite) are pore-filling (Fig. 

4). These dolomites are classified according to the scheme of Amthor et al. (1993) 

to which Dolomite-R1, a fine-crystalline dolomite, has been added. In order of 

increasing abundance, the replacement dolomites are: R4, A1, A3, and A2, with 

12 



Figure 4. Six dolomite textures observed in the Leduc carbonates of the southern 
part of the Rimbey-Meadowbrook reef trend compared with the classification 
scheme of Amthor et al. (1993) (Type 1 ta 5 in brackets). IIpll is an abbreviation 
for pme space. Scale bars= 500 flm. 
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Dolomite-R2 comprising about 80% of the dolomites by volume. Stylolites and 

later stage cements (anhydrite, calcite, quartz, sulphur, sulphides, and bitumen) 

were also observed. 

Replacement dolomites 

R1: Fine-crystalline planar-e(s) dolomite, 35 - 60 pm, is dark-grey to brown 

and is the least abundant of the dolomite types. It forms dense mosaics of dirty 

brown and cloudy fine- subhedral to euhedral planar-s (e) crystals that exhlblt 

straight extinction and are coated by dark coloured orgamc matenal (Plate 1 a). 

The contacts between Dolomite-R1 and coarser crystalline dolomites are sharp. 

Locally, however, Dolomite-R1 occurs interstitial to, and is contained wlthin, coarser 

crystals of Dolomite-R2 (Plate 1 dl. In such cases, the fine crystals are not ln 

opt.cal continuity relative to the coarser ones, and crystal boundanes and contacts 

between the two dolomite types are irregular. 

R2: Fine- to medium- crystalline planar-s (a) dense dolomIte, 60 -250 pm, 

is light brownish grey, typically cloudy, and is usually fabric destructive (Plates 1 a 

and 2c). Occasionally, the outhnes of fossils replaced by Dolomite-R2 are weil 

preserved (see Plates 8a and 8c, Chapter 3). Near fractures and pores, crystals 

of Dolomite-R2 are coarser, with poorly defined crystal junctions (the majonty of 

which are nonplanar), and exhibit a weak undulose extinction (Plates 1 e and 1 f) 

As a matrix replacement, Dolomite-R2 shows little intercrystalline porosity, although 

it is sometimes associated with zones of fenestrai, vuggy, and moldic pores 

R3: Coarse-crystalline planar-s (e) dense ta porous dolomite, 250 -700 pm, 

is dark-grey to brown. It occurs either a!; dense subhedral planar-s cloudy crystals, 

or as porous euhedral planar-e crystals that are occasionally rimmed by a thm (10 

Ilm) clear zonation (Plate 3a). Euhedral crystals are commonly coated by bltumen 

(Plate 3a), and their intercrystalline porosity values average 10% based on neutron 

density logs and core analyses . 

14 



Plate 1. PHOTOMICROGRAPHS OF REPLACEMENT DOLOMITES R1 AND 
R2 IN THE UPPER LEDUC FORMATION: 1 

A) Finl3 crystalline (40-50 Ilm) planar-e(s) replacement dolomite (R1) 
distributed along a stylolite seam. The surrounding matrix is 
comprised of fine to medium crystalline (150-200 Ilm) planar-s(a) 
dense replacement dolomite (R2). 11-07-43-01 W5, 2390.0 m, plane 
polarized light. Scale bar 200 Ilm. 

B) Close up of Plate 1 a but under cathodoluminescence light. Both 
replacement dolomites R1 and R2 are characterized by blotchy dull 
orange-red luminescence. Scale bar 300 Ilm. 

C) Close up of Plate 1 b under fluorescence microscopy. Replacement 
dolomites R1 and R2 exhibit green fluorescence. The bright 
fluore$cent zone that surrounds crystals of Dolomite-R 1 represents 
organic mate rial distributed within the stylolite seams. Scale bar 75 
!lm. 

D) Patch es of fine replacement dolomite (R1) are distributed within 
coarser replacement dolomite (R2). The coarse crystals are not in 
optical continuity with the finer ones. 08-30-38-04W5, 3135.6 m, 
cross-polarized light. Scale bar 400 flm. 

E) Fracture filled with native sulphur (S) that crosscuts replacement 
dolomite (R2). The Dolomite-R2 crystals surrounding the fracture are 
characterized by irregular non-planar crystal forms and exhibit a 
weak undulose extinction. These crystal morphologies are unusual 
and only occur near fractures filled with native sulphur. 08-27-36-
06W5, 3593.7 m, cross-polarized light. Scale bar 1 mm. 

F) Close up of Plate 1 e shows in more details the irregular non-planar 
crystal boundaries of Dolomite-R2 adjacent to the fractures. Cross­
polarized light. Scale bar 300 Ilm. 

• 

• 



• 

- -

F ,} 

• 15 



Plate 2. PHOTOMICAOGAAPHS OF REPLACEMENT DOLOMITES Al AND 
A2 IN THE UPPER LEDUC FORMATION: Il 

A,8) Paired cross-polarized and cathodoluminescence views of 
replacement Dolomite-R2 adjacent to thin fractures. Near the 
fractures, the crystals of replacement dolomite are rimmed by a thin 
zone ot bright luminescence whereas the dolomite crystals away trom 
the fractures lack zonations. 16-32-37-04W5, 2989.2. Scale bars in 
A) and B) are 470 and 330 J1m respectively. 

C,D) Paired plane-polarized and cathodoluminescence views of 
replacement Dolomite-R2. Adjacent to the fracture, the edges of the 
Dolomite-R2 crystals are clearer under plane Iight, and exhibit a 
duller luminescence compared to the crystals of replacement 
dolomite away trom the fracture zone. 16-32-37-04 W5, 2989.2 m. 
Scale bar 330 J1m. 

E,F) Paired plane-polarized and cathodoluminescent views of altered 
Dolomite-R2 exhibiting patchy replacement of brightly red 
luminescent Zone 1 dolomite by dull red luminescent Zone 2 
dl')lomite, and overgrowth by bright red luminescent Zone 3 dolomite 
(arrows). These zonations are not characteristics of Dolomite-A2 and 
are only observed in this th in section locally. 07-22-42-02W5,2402.5 
m. Scale bar 330 J1m. 
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Plate 3. CORE AND PETROGRAPHIC CHARACTERISTICS OF 
REPLACEMENT DOLOMITES R3 AND R4 IN THE UPPER LEDUC 
FORMATION 

A) Photomicrograph of coarse crystalline planar-e replacement dolomite 
(A3) with intercrystalline (1) porosity partially occluded by bitumen 
(black coating). The cloudy core of the dolomite crystal is rimmed by 
a thin clear zonation of dolomite cement. 11-07-43-01W5, 2397.4 m, 
plane-polarized light. Scale bar 1 mm. 

B) Close up of Plate 3a under cathodoluminescence. The clear 
zonations observed under plane light exhibit dull red luminescence, 
whereas the cloudy core is characterized by brighter red colours. 
Scale bar 310 !lm. 

C) Close up of Plate 3b under fluorescence. The dull red luminescent 
rims exhibit dark green fluorescence whereas the brighter red cloudy 
core is represented by yellowish green fluorescence. Scale bar 75 
!lm. 

0) Photomicrograph of replacement of fibrous calcite cement by 
Dolomite-R4. The coarse fibrous crystals that radiate out from the 
pore boundaries are readily recognized despite dolomitization. 08-
27 -36-06W5, 3593.0 m, cross-polarized light. Scale bar 1.8 mm. 

E) Replacement of isopachous cement by Dolomite-R4. Interparticle 
porosity is observed between the allochems. 03-29-43-01W5, 2320.8 
m. Scale bar in centimetres. 

F) Photomicrograph of the isopachous cement observed in Plate 3e 
under plane-polarized Iight. The primary fabrics have been 
completely obliterated by replacement dolomitization (R4). Only the 
outline of allochems (A) is observed under thin section. Scale bar 2 
mm. 

G) Close up of Plate 3f under cathodoluminescence (dashed area in 
Plate 3f). The It1minescence of Dolomite-R4 is homogeneous dull 
red. Scale bar 300 !lm. 

H) Close up of Plate 3g under fluorescence. The fluorescence of 
Dolomite-R4 is homogeneous green. Scale bar 75 J,lm. 
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R4: Coarse-crystalline nonplanar anhedral dolomite mimics the crystal habits 

of fibrous and isopachous ca/cite cements in partially (e.g. f1ank weil 10-23,3014.2 

m) to completely dolomitized cores (e.g. buildup interior wells 6-20, 3124.0 m; 11-5, 

2796.6 m). It is characterized by coarse fibrous calcite crystals (100 !lm to 1 mm 

long, and 25 to 100 !lm wide) that radiate out from the boundaries of fossils and 

large pores. Despite dolomitization, sweeping extinction and sutured crystal 

contacts are ptHtlally preserved (Plate 3d). Dolomite-R4 a/so replaces isopachous 

calcite cement, and occurs as light beige equant crystals rimming interparticle 

porosity in Amphipora ,~nd Thamnopora grainstones (Plates 39 and 3f). The 

microscopie texturai featur~s of the precursor calcite cement have been completely 

obliterated, and the crystal boundaries are poorly defined. Dolomite-R4 ditfers from 

calcite fi brous and isopachous cements by showing irregular and poorly defined 

crystal boundaries. 

Cathodoluminescence of ail replacement dolomites is generally 

characterized by a homogeneous to blotchy du" orange-red colour (Plates 1 to 3). 

Bright and dulliuminescent zonations in crystals of Dolomite-R2 occasionally occur 

near fractures (Plates 2a to 2d). In this case, the dolomite crystals are coarser and 

less cloudy compared to the crystals of replacement dolomite distributed away trom 

the fracture zones. Unusual zonations in replacive Dolomite-R2 are observed in 

one sam pie (weil 07-22-42-02W5, 2402.5 m) with near to complete replacement 

of the core (Zone 1) by Zone 2 dolomite with subsequent replacement and 

overgrowth by Zone 3 dolomite (Plates 2e and 2f). In general, ail replacement 

dolomites are characterized by green fluorescence (Plates 1 to 3). When zoned, 

tt,e cloudy cores of replacement dolomites usually fluoresce yellowish green and 

the clear rims fluoresce dark green (e.g. Plate 3c). Primary fabrics are rarely 

observed under fluorescence . 
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Dolomite cements 

C 1: Coarse-crystalline planar-e (s) dolomite cement, 250 - 800 pm, is white 

to light beige and locally comprises up to 15% of Leduc dolomites (e.g. core 11-06, 

2974.8 ml. Crystals are coarse euhedral to subhedral planar-e (s), either clear, or 

with cloudy cores and clear rims. They exhiblt straight extinction (Plate 4a), and 

contain fluid inclusions within weil defined crystal growth zones (Plate 4f). 

C2: Vel}' coarse-crystalline nonplanar saddle dolomite cement, 720 pm -

1.12 mm, is white, occurs in vugs in minor amounts « 1%), and postdates 

Dolomite-C1 (Plate 5a). It IS observed in only four wells, one from the Cooking 

Lake (07-34-33-06W5, 3969.7 m), and three from the Upper Leduc (6-20-38-04W5, 

3104.7 m; and 8-30-38-04WS, 3107.7 m; 03-29-43-01WS, 2374.7 ml. Crystals are 

euhedral to subhedral, have a slightly curved to a typical saddle shape, and exhlbit 

sweeping extinction (Plates Sa and 5b). Dolomite-C2 is scarcer and finer 

crystalline in the study area than in the southernmost part of the Rimbey­

Meadowbrook reef trend where it is characterized by crystal sizes ranging between 

1 and 5 mm (Marquez, pers. comm., 1993). 

Cathodoluminescent and fluorescent zones occur locally in dolomite cement 

C 1, with inclusion-rich cores exhibiting dull red luminescence and yellowish green 

fluorescence. The clear rims have a brighter red luminescence and a dark green 

fluorescence (Plates 4a to 4c). Up to five cathodoluminescent zones (alternating 

bright and dull red) and fluorescent zones (alternating dark and yellow gmen) are 

recognized (Plates 4d and 4e). However, these zones cannat be correlated from 

sam pie to sam pie because they are too rare. In contrast, Dolomite-C2luminesces 

dull red, fluoresces dark green, and never contains any crystal zonations (Plates 

Sa to Sd). 

Later-diagenetic phases 

Wispy and high amplitude stylolites are present throughout most cores, and 

increase in abundance within and near green shaly layers. In general, stylolites 

crosscut replacement dolomites (Plate 6a). However, locally, patches and rhombs 
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Plate 4. 

A,B,C) 

O,E) 

F) 

PHOTOMICROGRAPHS OF DOLOMITE CEMENT C1 IN THE 
UPPER LEDUC FORMATION 

Cross-polarized, cathodoluminescence, and fluorescence 
views of dolomite cement-C1 and blocky calcite (Ca) that fill 
porosity in replacement dolomite-R2 (R2). 16-25-36-06W5, 
3489.2 m. Scale bars for A), B), and C) are 680 Jlm, 330 
flm,and 75 flm respectively. 

Paired plane-polarized and cathodoluminescence views of 
Oolomite-C1 precipitated following replacement dolomite R2, 
and overlained by blocky calcite (Ca). This rare example 
shows five zones in Dolomite-C1 (Iabelled 1 to 5 in the photo). 
Zone 1 replaces and overgrows replacement dolomite R2. 08-
14-38-05W5, 3004.9 m. Scale bar 330 flm. 

Primary fluid inclusions (arrow) in dolomite-C1 are distributed 
within the crystal growth zones and thus are interpreted to be 
of primary origin. 11-03-42-02W5, 2390.4 m. Scale bar 40 
flm. 
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Plate 5. PHOTOMICROGRAPHS OF DOLOMITE CEMENT C2 IN THE 
UPPER LEDUC FORMATION 

A,B,C,D) Plane light, cross-polarizdd light, cathodoluminescence, and 
fluorescence views of sadd le dolomite cement (C2) and 
Dolomite-C1 that fill a pore in replacement dolomite. 
Compared to Dolomite-C1, Dolomite-C2 is coarser, has a 
similar dull red luminescence but never contains any 
zonations, and is characterized by dark green fluorescence. 
03-29-43-01W5, 2374.7 m. Scale bars for A), B), C), and D) 
are 1.75 mm, 1 mm, 330 f.lm, and 75 flm respectively. 
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of replacement dolomite are optically continuous across stylolites (Plate 6b) and 

therefore postdate them. Dolomite and anhydrite cements occur along stylolites 

and sometimes are crosscut by stylolites (Plates 6c and 6d). 

Anhydrite occurs both as cement and replacive phases. Anhydrite cements 

overlie Dolomite-C1, and are commonly coated by bitumen (Plates 7a and 7b). 

The replacement of dolomite by aphanocrystalline to very coarse anhydrite is 

indicated by the presence of: a) remnants of dolomite in anhydrite; b) angular 

clasts of matrix dolomites surrounded by anhydrite (Plate 10a); and c) corrosion 

of crystals of replacement dolomite and dolomite cement by anhydrite (Plates 10e 

and 10f). The common occurrence of uncorroded crystals of replacement dolomite 

and dolomite cement adjacent to anhydrite (Plates 10g and 10h) suggests that 

anhydrite cement is much more abundant than anhydrite replacement. 

Blocky calcite cement constitutes a volumetrically minor percentage of the 

rocks but may reach up to 15% locally. Usually crystals are limpid to translucent, 

anhedral, and coarse (100 Ilm to 5 mm). This calcite fills vuggy, moldic, and 

fenestrae pores following dolomite and anhydrite cements (Plate 4a). Replacement 

of Dolomite-C1 by blocky calcite (dedolomitization) occurs locally in two wells (8-

30-38-4 W5 and 11-3-42-2 W5) (Plate 7f). 

Bitumen, quartz, sulphur, and sulphides are volumetrically minor. Bitumen 

coats replacement dolomites, dolomite cements, and anhydrite (Plates 7b and 7c). 

Coarse (up to 1 cm across) euhedral crystals of quartz that contain fluid inclusions 

occur in two Leduc buildup interior wells (11-06-36-03W5, 2962.9 m; and 11-03-42-

02W5, 2393.7 m) and one weil from the Cooking Lake Formation (07-04-34-33-

06W5, 3976.0 m). This cement postdates blocky calcite cement (Plate 7g). 

Locally, sulphides (probable pyrite) occur within crystal zonations of 

Dolomite-C1 (Plates 7d and 7e). They also torm thin geopetals above dolomite 

cement that rims replacement dolomite clasts in a few brecciated intervals (Plate 

10a). Sulphides predate anhydrite cements, although locally, specks of pyrite tloat 

in anhydrite. Sphalerite and galena postdate blocky calcite. Native sulphur occurs 

in pores and thin late-stage fractures that crosscut blocky calcite cement (Plate 7h) . 
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Plate 6. PHOTOMICROGRAPH5 OF 5TYLOLITES IN THE UPPER LEDUC 
FORMATION 

A) Stylolites fi lied wlth insoluble material, truncate replacement 
Dolomite-R2. 06-20-38-04W5, 3104.4 m, plane polarized light. 
Scale bar 800 f..lm. 

B) The arrows point to crystals of replacement dolomite (R2) that 
continue across and truncate the stylolite (5). 16-32-37-04W5, 
3002.5 m, cross-polarized light. Scale bar 225 pm. 

C) Crystals of dolomite cement (C1) adjacent to a stylolite (S) indicate 
that in this case, dolomite cementation overlapped with stylolitization. 
11-03-42-02-W5, 2395.0 m, plane polarized light. Scale bar 290 pm. 

D) Stylolite (S) truncates crystals of anhydrite cement (A). 03-29-43-
01W5, 2361.3 m, cross-polarized light. Scale bar 455 ~lm. 
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Plate 7. PHOTOMICROGRAPH8 ILLUSTRATING THE PARAGENETIC 
SEQUENCE OF THE LATER DIAGENETIC PHASES IN THE 
UPPER LEDUC FORMATION 

A) Anhydrite (A) and Dolomite-C1 cements occlude a pore. 16-11-38-
05W5, 3070.5 m, cross-polarized hght. Scale bar 2 mm. 

B) Bitumen (black material) coats crystals of anhydrite cement (A). 03-
29-43-01W5, 2327.7 m, plane-polarized light. Scale bar 260 ~Im. 

C) Bitumen (black material) coats crystals of Dolomlte-C1. 11-26-42-
02W5, 2407.4 m, plane polanzed light. Scale bar 355 ~Im. 

D,E) Paired plan'=! light and fluorescent views of specks of sulphides, 
probably pyrite, trapped within the crystal zones of Dolomite-C 1. The 
specks do not fluoresce, whereas Dolomite-C1 exhlblts green 
fluorescence. 11-03-42-02W5, 2394.8 rn. Scale bar 75 ~tm. 

F) Inclusions of dolomite cement (C1) withln blocky calcite cement (Ca) 
(stained with Alzarin red-S) indicate dedolomitlzatlon. This texture 
occurs along fractures that crosscut a stylohte (8) 11-03-42-02W5, 
2384.4 m, plane-polarized light. Scale bar 520 ~tm. 

G) Quartz (0) occludes a pore fol~owing coarse blocky calcite (Ca) 
cement. 11-06-36-06W5, 2962.8 m, plane-polarized hght. Scale bar 
2.5 mm. 

H) Crystal of blocky calcite (Ca) corroded by native sulphur (S). Native 
sulphur fills a fracture that cuts replacement Dolomite-R2 and 
extends into the pore partially filled by coarse calcite. 08-27-36-
06W5, 3593.7 m, cross-polarized light. Scale bar 300 ~tm. 
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Distribution of replacement dolomites and later-diagenetic phases 

The regional distribution of replacement dolomites is similar to that reported 

in Amthor et al. (1993) for the updip part of the Rimbey-Meadowbrook reef trend. 

Replacement dolomitization in the Leduc Formation buildups of the study area is 

pervasive and fabric destructive. In the off-reef weil 1 0-07-40-02W5, the overlying 

Ireton Formation is completely dolomitized. This, combined with the fact that basal 

Duvernay limestones are completely dolomitized along the Leduc-Acheson­

Morinville buildups (Andrichuk, 1958; Amthor et aL, 1993), indicates that massive 

replacement dolomitization postdates deposition of the Ireton and Duvernay 

Formations, the basinal equivalents of the upper and lower parts of the Leduc 

Formation buildups respectively. 

Dolomite-Rl occurs locally in flank wells and sorne buildup interior wells 

where it replaces patch es of fine carbonate mud distnbuted in stylolite seams 

(Plate 1 a), geopetal fillings, breccia clasts, sedimentary laminae, and burrows. 

Dolomite-R2 is widespread throughout the buildups, replacing both the matrix and 

allochems (pellets, skeletal fragments). Dolomite R3 occurs most abundantly in 

skeletal grainstones (see Plates 8e and 8f, Chapter 3). Dolomite-R4 replaces 

fibrous and isopachous calcite cements, and thus its distribution is related to these 

early stage calcite cements. As a result, Dolomite-R4 is commonly observed in 

Amphipora and Thamnopora grainstones that are most abundant in the buildup 

interior (Figs. 13 and 14). These observations suggest that despite fabric 

destructive dolomitization, the distribution of the different replacement dolomite 

types is in part related to the original texture of the limestone precursor. 

The general distribution and relative abundance of the later diagenetic 

cements, including anhydrite, dolomite (Cl and C2), calcite, and sulphur, is 

mapped along the reef trend (Table 2; Figs. 5 and 6). Calcite and dolomite, and 

native sulphur occur in min or amounts (Iess than 2%). Of ail the cements, 

anhydrite constitutes the most pervasive and volumetrically important, filling 

intraclast pores in brecciated dolomites, vugs, molds, and fractures. A northward 

increase in average porosity values from 2 to 7% (Amthor et aL, submitted) 
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Table 2. Average percentage of anhydrite, dolomite, calcite, and sulphur cements 
for difterent Upper Leduc wells along the southern part of the Rimbey­
Meadowbrook reef trend, central Alberta. These percentages are based on visu al 
estimates in cores, hand samples, and thin sections. 

Location Anhydrite Dolomite Calcite Sulphur 

13-09-33-04 W5 7.2 1.5 0.0 0.0 

11-10-35-05W5 5.2 0.1 0.0 0.0 

11-06-36-03W5 6.4 1.3 0.8 0.1 

16-25-36-06W5 5.9 1.0 1.5 0.5 

08-27 -36-06W5 4.1 0.6 0.2 0.6 

16-32-37-04 W5 4.8 0.8 0.2 0.0 

06-04-38-04 W5 4.9 0.3 0.0 0.0 

06-20-38-04 W5 3.5 0.9 0.0 0.0 

10-23-38-04 W5 7.5 0.0 0.5 0.0 

08-30-38-04 W5 4.3 0.5 0.1 0.0 

16-11-38-05W5 5.8 1.3 0.0 0.0 

14-28-39-03W5 5.0 0.4 0.2 0.0 

01-30-39-03W5 2.5 0.0 0.0 0.0 

14-05-41-02W5 4.0 0.0 0.0 0.0 

11-03-42-02W5 0.0 0.8 0.6 0.0 

07 -25-42-02W5 0.0 0.5 0.5 0.0 

11-25-42-02W5 0.4 1.3 0.1 0.0 

03-26-42-02W5 2.5 0.0 0.0 0.0 

11-07-43-01 W5 0.0 0.9 0.2 0.0 
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Figure 5. South-north cross section A-B-C along the study area (see Fig. 3 for 
location) showing general distribution of anhydrite, dolomite (Cl and C2) and 
blocky calcite cements, and native sulphur. The abundance of these diagenetic 
phases decreases updip with decreasing burial depth. North of the Medicine 
River field (above present burial depths of about 3000 m), these phases are rare 
ta absent (e.g. wells 01-30, 03-26, 07-25, and 11-07). 
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Figure 6. Generalized variation in po rosit y along the Rimbey-Meadowbrook reef 
trend (Amthor et al., submitted), and estimated percentages of late-stage 
anhydrite, dolomite (C1 and C2) and blocky calcite cements, and native sulphur. 
These cements reduce average porosity from about 7% at depths of about 2300 
m to 2% at depths of 3500 m. 
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coincides with a decrease in the total amount of cements from 10.5 % in the 

Garrington area (township 35) to 5.5% in the Homeglen Rimbey field (twps 42 and 

43) (Fig. 6). Native sulphur and calcite cement occur locally in the southern part 

of the study area (twp 33 to 37) at depths greater than 3000 m, and are rare to 

absent in the northern part (twp 38 to 43) (Figs. 5 and 6). Estimated percentages 

of anhydrite and dolomite cements decrease northward along the trend (Figs. 5 

and 6), and only a trace of theses phases occurs north of the study area (Amthor 

et al., 1993; Machel, pers. comm., 1993). 

GEOCHEMISTRV OF DOLOMITES AND CALCITES 

Oxygen and carbon isotopic values for ail replacement dolomites (R1 to R4) 

range from Ô13C= 0.29 to 3.80 %oPDB, and Ô180= -5.27 to -3.71 %oPOa (Table 3a; 

Fig.7a). Given the large number of analyzed replacement dolomites (n=44), and 

their widespread spatial distribution, there is a relatively narrow range of isotopic 

composition. Replacement dolomites have lower Ô180 values compared to 

hypothetical Upper Devonian marine dolomites, estimated by Amthor et al. (1993) 

to vary from Ô180= 0 to -2.5 %oSMOW, assuming Ô180 value for Devonian marine 

calcites of -4.0 %oPOe (Fig. 7a). The oxygen and carbon isotopic composition of 

Dolomite-C 1 (n=28) mostly overlaps with that of replacement dolomites except for 

three values that have lighter 180 (-6.07, -6.21, and -7.05%oPDB) (Fig. 7b). 

Crystals of Dolomite-C2 (saddle dolomite) in the Leduc Formation are rare in the 

study area and are difficult to separate from Dolomite-C1 since the two occur close 

together. As a result, only two samples of sadd le dolomite were analyzed, both 

from the Cooking Lake Formation. These samples are lower in Ô180 values (-9.34 

and -8.78 %cPOS) th an ail other dolomite types (Fig. 7b). The oxygen and carbon 

isotopie values for blocky calcite cement range trom Ô13C= -17.9 to 3.48 %oPOB, 

and Ô180= -9.51 to -4.61 %oPOS (Table 3b; Fig. 7b). Samples with lighter carbon 

and oxygen isotopes (Ô13C= -17.9 and -6.53 %oPDS, and Ô180= -8.02 and -7.71 

%oPOS) were collected from cores that contain native sulphur. Calcite cement with 

low oxygen isotopie values (-9.51 to -7.94%oPOS) and with carbon isotopie 
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Table 3a. Carbon, oxygen, and strontium IsOtOplC data of replacement dolomites, and dolomite 
cements trom the Upper Devonian Leduc Formation, southern part of the Aimbey-Meadowbrook reef 

• trend. Mean values are Indlcated ln bold. 

Dolomite types Weil location Depth 313c 3180 87Srf6Sr 

(m) (POB) (PDB) ±20 

Replacement dolomite R1 11-10-35-05W5 3364 0.29 -3.71 

16-25-36-06W5 3470 3.58 -4.55 

08-27 -36-06W5 3583 3.71 -4.57 

08-27 -36-06W5 3593 3.73 -4.57 

16-11-38-05W5 3071 2.13 -4.29 

11-07-43-01W5 2390 2.15 -4.39 

03-29-43-01 W5 2375 2.76 -5.04 

2.69 -4.45 

Replacement dolomite R2 11-10-35-05W5 3364 0.43 -3.71 0.70834 ± 5 

11-06-36-03W5 2973 2.04 -4.08 0.70871 ± 2 

08-27 -36-06W5 3583 3.64 -4.62 

08-27 -36-06W5 3593 3.47 -4.90 

10-17-37 -03W5 2863 2.13 -4.25 

16-32-37 -04W5 2982 1.29 -4.98 

16-32-37 -04W5 2988 1 48 -4.64 

16-32-37 -04W5 2988 1.70 -3.76 

16-32-37 -04W5 2989 1.51 -4.28 0.70912 ± 4 

16-32-37 -04W5 2991 1.58 -4.06 

16-32-37 -04W5 3004 2.17 -4.11 0.70818 ± 4 

06-04-38-04W5 2961 1.18 -4.54 

08-30-38-04W5 3135 3.67 -4.06 

16-11-38-05W5 3071 2.28 -4.48 0.70855 ± 5 

14-28-39-03W5 2823 2.33 -4.25 

14-28-39-03W5 2834 3.13 -4.33 

14-05-41-02W5 2514 1.57 -4.27 

11-03-42-02W5 2384 1 96 -4.73 

11-03-42-02W5 2390 1.59 -4.80 

11-03-42-02W5 2395 2.02 -4.44 

07 -22-42-02W5 2402 1.96 -5.27 0.70856 ± 2 

11-25-42-02W5 2429 2.36 -4.68 

11-07-43-01W5 2390 2.09 -4.76 

11-28-43-01W5 2445 2.86 -4.77 

03-29-43-01 W5 2375 2.67 -5.06 

03-29-43-01W5 2382 2.55 -444 0.70826 ± 2 

03-29-43-01 W5 2441 3.33 -4.73 

• 2.18 -4.48 0.70@50 
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Dolomite types Weil location Depth (513C i)IBO ~'Srr'Sr 

• (m) (PDB) (PDB) ±20 

Replacement dolomIte R3 16-32-37 -04W5 2982 1 19 -460 

06-04-38-04W5 2961 1.28 -4.43 

11-03-42-02W5 2375 1.30 -518 

03-29-43-01W5 2375 2.68 -5.20 

03-29-43-01W5 2441 3.34 -5.03 

1.96 -4.89 

Replacement dolomite R4 08-27 -36-06W5 3583 3.80 -411 

OB-27-36-06W5 3583 3.24 -4.43 

08-27 -36-06W5 3593 3.66 -476 

16-32-37 -04W5 2991 1.74 -4.21 

06-20-3B-04W5 3124 3.51 -4.93 

3.19 -4.49 

Dolomite cement C 1 11-06-36-03W5 2973 2.33 -4.31 

11-06-36-03W5 2975 1.97 -4.07 

11-06-36-03W5 2991 2.55 -4.00 

16-25-3é-06W5 3487 308 -5.50 

10-17-37-03W5 2863 1.99 -464 

10-17 -37 -03W5 2863 1.97 -3.96 

16-32-37-04W5 3002 0.31 -4.00 

06-20-3B-04W5 3105 2.78 -4.67 0.70903:±. 1 

08-30-38-04W5 3159 1.17 -6.21 0.70950 ± 1 

16-11-38-05W5 3070 2.13 -3.96 

14-28-39-03W5 2823 2.75 -4.84 0.70883 ± 2 

11-03-42-02W5 2384 1.82 -4.39 

11-03-42-02W5 2384 1.98 -4.53 

11-03-42-02W5 2384 2.00 -489 

11-03-42-02W5 2390 1.73 -4.81 0.70830 ± 2 

11-03-42-02W5 2395 1.36 -537 0.70834 ± 2 

11-03-42-02W5 2395 2.01 -4.92 

11-25-42-02W5 2420 1.17 -7.05 070862 ± 2 

11-25-42-02W5 2429 2.19 -4.57 

11-25-42-02W5 2429 2.11 -4.29 

11-35-42-02W5 2527 2.39 -5.57 0.70876 ± 1 

11-28-43-01 W5 2445 2.61 -5.04 

11-28-43-01W5 2445 2.77 -4.55 

11-28-43-01 W5 2445 2.94 -518 

03-29-43-01W5 2375 2.02 -6.07 

03-29-43-01 W5 2382 2.53 -4.07 0.70834 ± 2 

• 03-29-43-01 W5 2382 2.49 -4.37 
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Dolomite types Weil location Oepth Ô
13C 0180 87Srf'l6Sr 

(m) (POB) (POB) ±20 

Dolomite cement C 1 03-29-43-01 W5 2382 2.42 -4.34 

2.13 -4.79 0.70871 

Dolomite cement C2 *07 -34-33-06W5 39697 4.16 -8.78 

*07 -34-33-06W5 39697 3.48 -9.34 0.71087 ± 1 

3.82 -9.06 0.71087 

Table 3b. Carbon, oxygen, and strontium isotopie data of coarse blocky calcite cements from the 
Upper Oevonlan Leduc Formation, southern part of the Rimbey-Meadowbrook reef trend. Four types 
of calcite cements are distmgUlshed on the basis of thelr association with other dlagenetic phases. 
Mean values for each types are mdicated in bold. 

Types of coarse blocky Weil location Oepth Ô13C 0180 87SrfSSr 

calcite cements (m) (POB) (POB) ±20 

Postdate replacement 01-30-39-03W5 2935 1.98 -7.80 0.70825 ± 1 

dolomites o 1-30-39-03W5 2993 3.48 -5.16 

2.73 -6.48 

Postdate dolomite 10-23-28-04W5 3008 -0.61 -7.24 

cement C1 14-28-39-03W5 2823 1.67 -4.61 0.70876 ± 1 

11-03-42-02W5 2381 0.98 -5.41 

11-03-42-02W5 2384 -1.14 -7.82 

11-25-42-02W5 2420 1.70 -4.83 0.70873 ± 2 

11-07-43-01W5 2390 1.67 -9.31 

0.71 -6.53 0.70874 

Distributed near pores filled 11-06-36-03W5 2963 -6.53 -7.71 

wlth native sulphur 16-25-36-06W5 3460 -17.9 -8.02 

16-25-36-06W5 3489 0.26 -9.12 0.70894 ± 2 

08-27 -36-06W5 3578 -2.58 -5.95 

-6.74 -7.70 0.70894 

Distributed near sulphides 11-03-42-02W5 2384 -1.78 -7.94 

11-03-42-02W5 2395 1.23 -9.10 0.70874 ± 2 

11-07-43-01W5 2390 1.83 -9.51 

0.42 -8.85 0.70874 
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Figure 7. A. Cross plot of Ô13C and Ô
180 values for replacement dolomites (R1 

to R4) trom different Leduc buildups along the southern part of the Aimbey­
Meadowbrook reet trend (Table 3a). Replacement dolomites (R1 to R4) form a 
relatively tight cluster, slightly depleted in oxygen-18 relative to a hypothetical 
dolomite precipitated in equilibrium with Upper Devonian seawater (see Amthor 
et al., 1993 for reference values). B. Cross plot of 313C and 3180 values for 
replacement dolomites (A1 to R4), dolomite cements (C1 and C2), and blocky 
calcite cement trom different Leduc buildups along the southern part of the 
Rimbey-Meadowbrook reet trend (Tables 3a and 3b). 3180 values of dolomite 
cement C1 overlap and are slightly lower th an those of replacement dolomites. 
Dolomite cement C2 is significantly more negative in 3180 values than ail the other 
dolomite types. Ô180 and Ô13C values of blocky calcite overlaps with those of the 
dolomites, with sorne Ô13C being much lower. 
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Figure 8. Cross plot of 87Sr/86Sr and Ô180 for replacement dolomite (R2), dolomite 
cements (C1 and C2), and blocky calcite cement from different buildups and 
positions within the buildups (Tables 3a and 3b). No clear trend is observed. 
However, in general dolomite cements have higher 87Sr/86Sr ratios and lower (j 180 
values than the replacement dolomites, and lower 87Sr/86Sr ratios and higher Sl80 
values relative to blocky calcite. 
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signature~ near to zero (-1.78 to 1.83%oPDB) occur in pores near fractures that are 

filled with sulphides. 

Strontium isotopes were measured from seven samples of Dolomite-R2 that 

have values ranging between 0.70818 and 0.70912 (Table 3a; Fig. 8). Eight 

samples of Dolomite-C1 (0.70830 to 0.70950) overlap and are slightly more 

radiogenic th an for the replacement dolomites. The 87Sr/868r ratios of calcite 

cements (0.70873 to 0.70894) overlap and are more radiogenic than those of 

Dolomite-C1 (Fig. 8). These trends, however, are not as weil defined as those for 

the Presqu'ile Barrier (Qing and Mountjoy, 1992). 

FLUID INCLUSIONS 

Twenty seven primary liquid-vapour fluid inclusions within the crystal growth 

zones of Dolomite-C 1 (Plate 4f) have been analyzed. These inclusions are 7 to 

15 flm in length, 3 to 8 flm in width, and contain an aqueous liquid and a small 

vapour bubble (about 1.5 flm in diameter). The studied inclusions are interpreted 

to be primary because they are distributed along lineations that follow the 

orientation of the crystal zonations of Dolomite-C1, and never crosscut the crystal 

faces (Plate 4f). They have homogenization temperatures between 98 and 129"C, 

with three other inclusions giving temperatures between 140 and 142°C (Table 4; 

Fig. 9a; Appendix 1). Ice melting temperatures of these inclUSions (-18.3 to -

14.rC) indicate high salinities (17.9 to 20.4 wl.% NaCI equ.). An addihonal six 

inclusions were measured in the cloudy core of replacement dolomite crystals. 

These inclusions are, in sorne cases, very close to a rim of clear dolomite cement 

that surrounds the cloudy core, maklng it difficult to determine whether they were 

within replacement dolomite or dolomite cement. Homogenlzation tempe ratures 

obtained range from 100 to 122°C (mean= 113°C), and salinities are between 19.5 

and 19.8 wt% NaCI equivalent (mean= 19.7) (Fig. 9b). These values from the 

cloudy cores of replacement dolomites are very similar to the ones denved for the 

primary inclusions in the Dolomite-C1 . 
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Table 4. Summary of fluid inclusion microthermometric data (ranges, means, 
standard deviation (±), number of analyses (n)) for fluid inclusions in dolomite 
cement C1 from the Leduc Formation. See appendix 1 for more details. The 
majority of the inclusions studied are liquid primary inclusions that occur within 
growth zones of dolomite cement (Dol-C1). Six inclusions measured in 03-29-43-
01 W5 were located in the cloudy core of replacement dolomite crystals (250J.1m). 
ln sorne cases, these inclusions are very close to a rim of clear dolomite cement 
which surrounds the cloudy core. (Tf: freezing temperature; T m(ice): final ice melting 
temperature; Th: homogenization temperature). 

Dolo. location Depth Tt(°C) T m(ice) (OC) Salimty Th (OC) 
Type (wt% NaCI 

eq.) 

001- OB-30- 3159 -73 ta -56 -17.8 '0 -16.B 19.4 to 20.1 98 ta 121 
C1 3B-04W5 (-6B±4 n=10) (-17±0.3 n=8) (20±O.2 n=B) (110±B n=12) 

001- 11-03- 2390 -70 ta -56 -1B.3 ta -17.4 19.9 to 20.4 110 to 142 
C1 42-02W5 (-66±5 n=17) (-18±0.4 n=7) (20±O.2 n=6) (122±11 n=11) 

001- 03-29- 2382 -66 ta -61 -15.4 to -14.'7 17.9 to 1B.4 114 to 140 
C1 43-01W5 (-64±2 n=7) (-15±0.3 n=E,) (18±O.2 n=6) (126±B n=7) 

001- 03-29- 2382 -71 ta -68 -17.4 to -17 19.5 to ·19.B 100 to 122 
R2 (?) 43-01W5 (-69±1 n=6) (-17±0.2 n=Ei) (20±O.2 n=6) (113±8 n=6) 
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Figure 9. A. Histograms for 36 aqueous liquid-vapour primary fluid inclusions in 
Dolomite-C1 cement from wells 08-30-38-05W5, 11-03-42-02W5, and 03-29-43-
01W5 (Table 4; Appendix 1) showing homogenization temperatures (Th)' ice 
melting temperatures (T m(ice)), and corresponding salinities in weight percent 
NaCI equivalent. B. Histograms for six fluid inclusions measured in one sample 
from weil 03-29-43-01W5, 2382 m, (Table 4) showing homogenization 
temperatures (Th)' ice melting temperatures (T m(ice»), and corresponding salinities 
in weight percent NaCI equivalent of aqueous liquid-vapour primary fluid inclusions 
in cloudy cores of replacement Dolomite-R2 along the boundary with the clear rim 
of dolomite cement C 1. Because of their proximity to the rims of dolomite cement 
C1, it is questionable whether these inclusions belong to the replacement 
dolomites or the later cements. 

• 

• 



• 

• 

A) Primary fluid inclusions in Dolomite-C1 

12 

10 r--

8 

ë 8 6 

ë 

~ 

-
4 ro"- ro- r--

ro- - 1"""-
2 

o 
95 100 105 110 115 120 125 130 135 140 145 

Th 

10 

9 

8 
7 
6 
5 

4 
3 

2 

1 

0 
-185 -18 -175 -17 

Tm 

..-
10 

9 

8 
7 

6 

~ 5 
4 

3 
2 

o 

-r--

[ 

f-

r-
-. 

175 18 185 19 195 20 205 21 
sahnity 

B) Fluid inclusions in Dolomite-R2 or Dolomite-C1? 

3 

2 -

~ - r- -
o 
100 105 110 115 120 125 

i o 

Th 

3 

2 - r-

~ -

o 
-174-174-17.3-17.3-17.2-17.2-171-17.1 -17 -17 

Tm 

3~--~--~----,--------------~ 

2-

o~~~~ ___ ~~~~~~~~~ 
195 19.55 19.6 19.65 197 1975 198 1985 

sa1inity 

37 



• 

• 

PARAGENETIC SEQUENCE AND TIM:NG OF DOLOMITIZATION 

Diagenesis in the Leduc dolomite buildups is Gomplex (Fig. 10). Most early 

diagenetic features, best recognised in limestone blJildups, have been modified 

and/or obliterated by later diagenesis, especially replacement dolomltization. 

Dolomite-R4 replaces isopachous and fibrous calcite cements (Plates 3d to 3h), 

indicating that replacement dolomitization postdates early submarine cementation. 

Replacement dolomites (R1 to R3) extend into underlying and overlying formations, 

implying that dolomitization postdates deposition of the Ireton and Ouvernay 

shales. In general, replaCfJment dolomites are crosscut by stylo lites (Plate 6a), 

indicating that dolomitization took place prior to some stylolitization. Locally, 

crystals of replacement dolomites overlap and are optically continuous across 

sorne stylolites (Plate 6b). This suggests that some replacement dolomitization or 

later neomorphism of replacement dolomites have postdated stylolitizallon. 

Replacement dolomites predate bitumen (Plate 3a) and thus onginated pnor to the 

generation and migration of hydrocarbons (Late Cretaceous to Early Tertiary) 

(Deroo et al, 1977; Creaney and Allan, 1992). This, combined with the fact that 

replacement dolomites crosscut facies and surrounding formations, broadly 

constrains the timing of replacement dolomitization to be Late Oevonian or 

younger. 

Dolomite-C1 fills pores in matrix dolomites (R1 to R3) (Plate 4a) and 

therefore postdates replacement dolomitization. Dolomite-C2 occludes the 

remaining pores in these dolomites (Plate Sa), and represents the latest phase of 

dolomite cementation. Dolomite cements (C1 and C2) are cCHted by bitumen 

(Plate 7c) indicating that they precipitated before oil migration. The occurrence of 

sulphides within Dolomite-C1 crystals (Plates 7d and 7e) suggests that some 

dolomite cementation overlapped with pyritization. 

Anhydrite cementation postdates Dolomite-C1 (Plate 7a), and precedes 

blocky calcite cements. Stylolites locally crosscut anhydrite cements (Plate 6d) 

indicating that they continued after anhydrite cementation. Replacement of 

dolomites (R1 to R4 and C1) by anhydrite is observed in several brecciated 
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Figure 10. Paragenetic sequence of Leduc Formation in the study area. The 
terms shallow, intermediate, and deep burial are defined relative to stylolitization. 
Intermediate burial represents the onset of stylolitization (> 500 m from 
Dunnington, 1967; Lind, 1993), and shallow and deep burial define pre- and post­
incipient stylolitization corresponding to depths of approximately < 500 m and> 
1500 m respectively. 
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Paragenetic sequence of the Leduc dolostones 
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intervals (Plates 10e and 1 Of) and probably overlapped with the anhydrite cement 

that occurs in the breccia pores on top of Dolomite-C1. Blocky calcite precipitated 

after Dolomite-C1 since it fills pores on top of Dolomite-C1 (Plate 4a), and locally 

replaces Dolomite-C1 (Plate 7f). The relative timing between blocky calcite and 

Dolomite-C2 could not be resolved since the two were not observed together. 

Quartz, sulphides, and native sulphur postdate blocky calcite cementation (Plates 

7g and 7h). However, the relative timing between quartz and sulphur-bearing 

minerais cou Id not be determined. 

ORIGIN OF LEDUC DOLOSTONES 

Two main stages of dolomitization are recognized within the Leduc 

Formation: 1) replacement dolomites (R1 to R4); and 2) dolomite cements (C1 and 

C2). The origin of these dolomites is debatable and several models have been 

proposed, ranging from sea floor to bu rial dolomitization (see Machel and 

Mountjoy, 1987; Amthor et aL, 1993). In the following sections, petrographie and 

geochemical data are integrated to constrain the environment of dolomitization and 

dolomite cementation. Prior to interpreting the origin of the Leduc dolostones, the 

possibility that replacement dolomites have undergone neomorphism is evaluated. 

Neomorphism 

Recently, several examples of both recent and ancient neomorphosed 

dolomites have been documented (e.g. Gregg and Sibley, 1984; Gregg and 

Shelton, 1990; Kupecz et aL, 1991; Kupecz and Land, 1991; Gregg et aL, 1992; 

Mazzullo, 1992; Montanez and Read, 1992). Other dolomites, however, have been 

interpreted to be unaltered chemically and texturally since their formation (e.g. Lee 

and Friedman, 1987; Amthor et aL, 1993). These different opinions arise from 

the difficulty of distinguishing subtle changes in texturai and geochemical 

compositions relative to inferred preexisting phases. Mazzullo (1992) reviewed the 

main criteria for recognizing neomorphism: (1) an increase in the ordering and 

stoichiometry of crystals; (2) changes in crystal texture (mainly an increase in 
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crystal size correlated with an increase in nonplanar crystal boundaries); (3) 

homogeneous and blotchy cathodoluminescence; and (4) changes in oxygen and 

strontium isotopie and major and trace element compositions (primarily Sr and Na). 

ln this study, the following observations suggest that replacement dolomites 

did not result from recrystallization of an earlier dolomite: 1) early seawater related 

dolomites are minor to nonexistent in undolomitized (e.g. Golden Spike; Walls, 

1977), partially and completely dolomitized Leduc buildups; 2) reworked clasts in 

partially dolomitized debris-flow deposits of buildup-slope facies are entirely 

limestone (e.g. weil 01-30-39-03 W5), indicating that matnx dolomltization 

postdates deposition and that the clasts were not dolomitized at an early stage; 3) 

replacement dolomites grade directly into limestones and crosse ut the underlying 

Cooking Lake Formation and overlying Ireton Formation; 4) there is no evidence 

for a Devonian regional meteoric recharge in Leduc Formation buildups and the 

underlying Cooking Lake platform, that could have resulted in alteration; 5) texturai 

relationships indicate that replacement dolomitization took place after submarine 

cementation (isopachous and fibrous calcite cements), and overlaps and postdates 

early stylolitization; and 6) the presence of allochem ghosts in medium to coarse­

crystalline replacive Dolomite-R2 (Plates 8f and 8g) may be evidence of direct 

replacement of limestone rather th an neomorphism of a precursor dolomite (Lee 

and Friedman, 1987; Sibley and Gregg, 1987); the absence of allochem ghosts, 

however, does not necessarily imply that recrystallization has occurred (Mazzullo, 

1991). The above six points together with geochemical data (discussed later) 

suggest that most Leduc replacement dolomites formed at shallow to intermediate 

burial depths, and since then, have undergone minor recrystallizatlon. 

Local recrystallization of matrix dolomites near fractures, stylolites, and 

pores is suggested by the following texturai features observed in about 15 out of 

the 201 thin sections studied: 1) a few planar-s crystals of Dolomite-R1 (30 to 60 

~m) are distributed interstitial to and within coarser planar to nonplanar-s 

replacement dolomite crystals (60 to 250 ~m), with the finer dolomite crystals in 

optical discontinuity with the coarser on es (Plate 1d); 2) occaslonally, near 
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fractures and pores, crystals of replacement dolomite are coarser, nonplanar, and 

exhibit undulose extinction (Plates 1e and 1f); 3) the presence of bright and dull 

luminescent bands of replacement dolomites along fractures (Plates 2a to 2d); and 

4) the unusual occurrence of crystal zonations in Dolomite-R2 with replacement of 

relict cores (Zone 1 in Plate 2f) by Zone 2, and the minor replacement of Zone 2 

by Zone 3 dolomite (Plates 2e and 2f). Point (1) may be explained by local 

recrystallization of fine-crystalline dolomites to coarser crystals resulting in a 

mixture of fine and coarser replacement dolomites. Another explanation, however, 

may be that the fine-crystalline dolomites represent a relict of the earliest stage 

dolomites and have not been modified by the later replacement dolomitization 

events. The presence of fine-crystalline (10-30 !lm) isolated dolomite rhombs has 

been reported locally within the limestone matrix of the Cooking Lake platform that 

underlies the Leduc Formation (Chouinard, 1993) and in the Leduc Formation at 

Golden Spike (Walls, 1977). The origin of these rhombs is uncertain but they may 

have formed on the seafloor or just below it during early burial, similar to what 

occurs in today's oceans (Tucker and Wright, 1990). These rhombs were probably 

present in the completely dolomitized Leduc buildups and were not necessarily 

modified by later stage replacement dolomitization. The texturai relationships 

described in points 2 to 4, however, suggest that neomorphism took place at least 

locally. 

Control~ on texturai attributes 

Replacement dolomites in the Leduc Formation exhibit a wide range of 

crystal sizes from 30 to 700 J.lm. Aside from the texturai changes associated with 

fractures, pores, and stylo lites as noted above, the crystal size of replacement 

dolomites appears to be controlled mainly by the primary facies. Commonly, fine­

crystalline replacement Dolomite-R1 is distributed along stylo lites , geopetals, and 

sedimentary laminations (Plate 1a). This, combined with the fact that the contacts 

between Dolomite-R1 and coarser replacement dolomites are generally sharp, 

suggests that Dolomite-R 1 was fabric selective and that the finer crystal size is a 
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function of the precursor lithofacies being replaced. Dolomite-R3 is usually 

associated with intercrystalline po rosit y and is commonly distributed as patches 

that resemble burrows, and as layers resembling sedlmentary grainstones (see 

Plate 8e, Chapter 3). When the dolomitizing tluids replaced porous and permeable 

facies su ch as burrows and grainstones, the resultant dolomite crystals would have 

grown coarser and more euhedral into the surrounding pore. Thus, the crystal 

distribution, morphology, and size of Dolomite-R3 may have been controlled by the 

primary facies. Alternatively, dissolution of the crystal surface may have been so 

slow that angular dissolving surfaces may result in euhedral crystal forms (Berner, 

1978), similar to the Dolomite-R3. In summary, the texturai aUributes of 

replacement dolomites appear in general to be controlled by pnmary fabrics and 

porosity. It is difficult to determine the extent to which earlier textures and original 

geochemical signatures have been modified by neomorphism. The available data 

discussed in the above section suggest that it is local and minor. 

Origin of replacement dolomites 

Sea floor diagenesis cannot be recognized in the study area due to 

obliteration by replacement dolomitization. However, evidence trom the 

undolomitized Leduc buildups such as the Golden Spike (McGilhvray and Mountjoy, 

1975; Walls, 1977) and Strachan (Marquez, Ph.D. in progress) indlcate that the 

extent of seafloor dolomitization wa::; probably minor. Replacement dolomites 

overlap and postdate stylolitization (Plates 6a and 6b; Fig. 11). Observations by 

Dunnington (1967) suggest that stylolites formed in limestones at depths between 

500 and 700 m. A study by Und (1993) ot a continuous limestone core trom the 

Ontong Java Plateau indicates that stylo lites tirst appear at 470 m and are 

common below 830 m. Using these estimates as guides for the onset of 

stylolitization, the replacement dolomites associated with stylolitizahon probably 

precipitated at depths greater than 500 m in the shallow burial environ ment. 

Several workers integrate texturai data with oxygen isotopie compositions 

to estimate the depth at which dolomitization occurred (e.g. Land, 1985; Machel 
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and Anderson, 1989; Qing and Mountjoy, 1989; Amthor et al., 1993). There are 

several important assumptions involved, one being that the original isotopie 

signature of the dolomites has not been modified later. As noted earlier, small 

portions of replacement dolomites have been recrystallized near fractures, 

stylolites, and pores. Samples for isotope analyses were carefully selected to avoid 

these zones of alteration, and the following calculations are made assuming that 

neomorphism was not significant. 

Additional assumptions used to estimate the paleotemperatu re at which 

replacement dolomites precipitateo. include: 1) the B180 values for marine 

components and cements (B180calclte) deposited in Devonian seawatervary between 

-4 and -3%oPDB (Amthor et al., 1993), and for each of these ô180calclte values, 

calculations were made for temperature of Devonian seawater equal to 25° and 

35°C; 2) the diagenetic fluids were principally derived from Frasnian seawater; and 

3) the B180 values of formation waters have not been modified significantly during 

early burial. Following the procedure of Friedman and O'Neil (1977) and Land 

(1980, 1983, 1985) {Appendix 2), the precipitation temperatures for the Leduc 

replacement dolomites in the study area vary fram 45 to 75°C (Table 5). Assuming 

that surface paleotemperatures were close to 30°C (relatively warm), and the 

present geothermal gradient of 30°C/km has not changed significantly since Late 

Devonian, 45° and 75°C correspond to burial depths of about 500 m and 1500 m 

respectively. These depths would have been reached towards the end of the 

Devonian or later (Fig. 11). The minimum burial depth estimate (500 m) suggests 

that replacement dolomitization was initiated in the shallow burial environment 

between the Late Devonian and Early Carboniferous, which is consistent with the 

texturai relationships. Similar interpretations are presented by several authûrs for 

Leduc replacE~ment dolomites from other fields (e.g. Laflamme, 1990; Amthor et al. 

1993), and from similar dolomites from other Devonian formations in the Western 

Canadian Sedlmentary Basin (Machel and Anderson, 1989; Qing and Mountjoy, 

1989; Kaufman et al., 1991) . 
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Table 5. Paleotemperature estimates for precipitation of replacement dolomites in 
the Leduc Formation using measured minimum and maximum oxygen isotopie 
values and assuming different (5180 values for Devonian marine components (-3 %0 
and -4 %oPDB), and different temperatures for Devonian seawater (25" and 35"C). 

Assuming temperature of Devonian seawater= 25°C 

r------------------- ---
Temperature (OC) of dolomite 

precipitation for: 
t------

(5180caIClle= -3 %oPDS (5
180 C<IIClto= -4 %oPOB 

---t---------------- ----

-0.6 %oSMOW -1.7 %oSMOW Estimated (5180f1Uld 
.-------+------...::;::;.::....-_t_--------+----------------- -

Measured 

Ô 
18

0 dolomite 

-5.20 (min.) 61 54 
1---------+-------------+---------------

-3.71 (max,) 52 45 

Assuming temperature of Devonian seawater= 35°C 

.-------------------------
Temperature (OC) of dolomite 

precipitation assuming: 

(51BOcnlf.lIO= -4 %oPOB 
.----- ----------

1.3 %oSMOW 0.34 %oSMOW Estimated (5180flUid 
.-------+-------=~_t_--------t---------- ------- - ----

Measured 

Ô 
18

0 dolomite 

-5.20 (min.) 75 68 
I---....:..---'----+----------t------------- --

-3.71 (max.) 64 58 L--_____ l--_______ --'---_______ ----' ______________ _ 
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Figure 11. Burial-temperature-time plot for Leduc buildups in the Homeglen­
Rimbey and Garrington fields, constructed assuming a geothermal gradient of 
30°C/km (Hudson and Anderson, 1989) and a surtace temperature of 30°C (Walls 
et aL, 1979). The inferred burial depths, temperatures, and timing of replacement 
dolomitization and dolomite cementation are also plotted. See text for detailed 
explanations. 
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Replacement Dolomite-R2 overlaps and has slightly higher 87Sr/86Sr ratios 

(0.70818 to 0.7085) than values for Upper Devonian seawater (0.7080 to 0.7083) 

derived from the Burke et al. (1982) curve (Fig. 8). Mountjoy et al. (1992) reported 

similar values for secondary replacement dolomites trom the Presqu'ile Barrier, the 

Rainbow, Rosevear, Miette, and Nisku buildups, and sorne fault and fracture 

controlled Wabamun dolomites. They concluded that the dolomitizing fluids were 

probably modified from Devonian seawater with small amounts of radiogenic 87Sr 

being added during early compaction from adjacent or underlying clastics, or older 

carbonates. The strontium isotopie data for the Leduc replacement dolomites from 

the southern part of the Rimbey-Meadowbrook reef trend support this conclusion. 

Origin of later-stage dolomite cements 

The environment in which Dolomite-C1 precipitated is constrained by its 

relationship with stylolites and hydrocarbons, oxygen isotopie compositions, and 

fluid inclusion data. Dolomite-C 1 is commonly dis.tributed along stylo lites (Plate 6c) 

and lines pores that are connected by stylolites indicating a possible link between 

pressure solution and dolomite cementation. Thus, dolomite cementation must 

have ta ken place in the burial environment during stylolitization at depths deeper 

than about 500 metres. Because crystal zonations of Dolomite-C1 occasionally 

contain specks of pyrite (Plates 7d and 7e), some Dolomite-C1 cementation 

appears to have continued during pyritization. 

The progressive depletion in 180 from replacement dolomites (-5.27 to 

-3.71 %oPDB) to Dolomite-C1 (-7.05 to -3.96 %oPDB) (Fig. 7b) probably reflects the 

different composition and temperature of the fluids responsible for dolomite 

cementation. Compared to replacement dolomites, Dolomite-C1 has slightly higher 

strontium isotopie ratios (Fig. 8) suggesting that they precipitated trom slightly more 

radiogenic fluids. Measurements of primary fluid inclusions (Fig. 9a) indicate that 

Dolomite-C1 precipitated trom brines with salinities (17.9 to 20.4 wt% NaCI equ.) 

about six times higher than seawater, similar to those present in Devonian 

subsurface strata today (Connolly et al., 1990). Homogenization temperatures 
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range from 98 to 121°C, with three inclusions yielding somewhat higher 

homogenization temperatures varying between 140 and 142°C. Dolomite-Cl would 

have formed during deep bu rial relative to the replacement dolomites at depths 

ranging from 2.3 to 3.7 km, during the Late Cretaceous to reach temperatures of 

98 to 142°C (Fig. 11) assuming that: 1) the fluid inclusions are representative of 

the temperatures of precipitation of Dolomite-Cl; 2) a normal geothermal gradient 

of 30°C/km; and 3) a surface temperature of 30n C. Since the generation of 

hydrocarbons occurred at depths of about 2800 m, or shallower if hydrocarbons 

were generated downdip (Deroo et aL, 1977), the maximum depths at which 

Dolomite-C1 precipitated would have been 2800 m or less. This corresponds to 

temperatures less than 115°C. Therefore, fluid inclusions in Dolomite-Cl with 

homogenization temperatures greater th an 115°C may be due to: 1) fluids hoUer 

th an those expected from the current geothermal gradient; or 2) an abnormally high 

geothermal gradient. In summary, based on the relationship between dolomite 

cements and stylolites, and assuming that Th data represent true precipitation 

temperatures, Dolomite-C 1 could have precipitated from saline hydrothermal fluids 

probably under intermediate to deep burial conditions (2000 to 2800 m) during the 

Cretaceous, or earlier if higher geothermal grault:nts existed (Fig. 11). 

Petrographie evidence (Fig. 10; Plate 5a) shows that saddle dolomite (C2) 

cementation postdated Dolomite-C 1 precipitation. The slightly more depleted 

oxygen isotopie values of Dolomite-C2 (-8.78 and -9.34%oPOB) compared to 

Dolomite-C1 (-7.05 to -3.96%oPDB) (Fig. 7a) suggest that sadd le dolomite 

precipitated under higher temperatures, and/or from fluids wlth different isotopie 

compositions. 

Origin of later-stage diagenetic phases 

Thermochemical sulphate reduction (TSR) can explain, in part, the late­

stage diagenesis (syn- and post- maturation of organic matters) in Leduc 

dolostones. TSR refers to high-temperature chemical reactions (> 1 OO"C) that 

occur between hydrocarbons (organic matter, carbohydrates, korogen, crude oil, 
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bitumens, dissolved methane and other gaseous organic compounds) and aqueous 

sulphate in the presence of a catalyst. These temperatures would have been 

reached during the Cretaceous or possibly earlier if hot fluids were available (Fig. 

11). The net reaction can be summarized by the following equation (Machel, 1987 

a,b): 

hydrocarbons + 80/- -> altered hydrocarbons + bitumen + Heo3 " + H28 (+C02?) + heat 

Several intermediate stages, including thermal cracking and sulphurization of 

organic matter, and multistep reduction of sulphur species may complicate the 

above net reaction (Machel, 1987 a,b). The release of H2S, and CO2 with 

isotopica"y !ight carbon may result in (Krouse et aL, 1988): 1) precipitation of late­

stage cements such as blocky calcite and sadd le dolomite with light carbon isotopie 

signatures (-2 to -20 %oPDB); 2) precipitation of sulphur bearing minerais (including 

anhydrite, sulphides, and elemental sulphur); 3) replacement of anhydrite by calcite 

or dolomite; and 4) creation of local secondary porosity. These late-stage 

diagenetic products and evidence of dissolution have been recognised in several 

Devonian carbonate buildups of Western Canada (Eliuk, 1984; Krouse et al., 1988; 

Laflamme, 1990; Machel 1987 a,b; Reimer and Teare, 1992) and have been used 

as evidence to support TSR processes and reactions in the deeper parts of the 

basin. Potential TSR by-products observed in the study area are anhydrite 

cement, elemental sulphur, sulphides, bitumen, and blocky calcite cement (Fig. 10). 

Geochemical evidence for TSR includes the negative Ù13C values of two blocky 

calcite samples (-17.9 and -6.53 %oPOB; Table 3b) that may have resulted from 

CO2 generated by the oxidation of light hydrocarbon gases during TSR. 

The amounts of anhydrite, blocky calcite, sulphides, and native sulphur are 

most abundant in the deepest part of the study area (below 3000 m) and gradually 

decrease updip. Only rare occurrences of anhydrite and calcite cement are found 

north of township 39 (übove 3000 m) (Figs. 5 and 6). Concentrations of H2S in gas 

and ail fields of the Bearberry and Caroline fields average 90 and 30% respectively 
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(Laflamme, 1990). In contrast, the Homeglen-Rimbey field that is located at 

shallower burial depths updip to thA northeast, has an average mole percent of 

1.4% H2S equivalent (James, 1990). H2S concentrations above 2 mole percent are 

generally considered to have resulted from thermochemical sulphate reduction 

(TSR) (Machel, 1987a,b; Krouse et aL, 1988). Thus, the distnbutlon of late-stage 

diagenetic minerais (anhydrite, blocky calcite, sulphides, and native sulphur), and 

the H2S content of the reservoir gases suggest that the deepest part of the trend 

was more aftected by TSR processes than its updip equivalent. This hypothesls. 

however, needs to be tested by further geochemical work, partlcularly sulphur 

isotopes of sulphides, anhydrite, and elemental sulphur in order to rule out other 

possible bu rial processes. 

SUMMARY AND CONCLUSIONS 

The paragenesis and petrographic data indicate that Leduc replacement 

dolomites postdate the deposition of submanne cements and the overlylng Ireton 

Formation, and overlap with early stylolitization. These observations imply that 

replacement dolomitization originated in the burial environment at depths greater 

than about 500 metres. This interpretation is consistent with burial depths 

calculated fram oxygen isotopes (500 to 1500 m). These estimates indlcate that 

replacement dolomitization started during the Late Devonian to Early 

Carboniferous. Replacement Dolomite-R2 overlaps with and has slightly hlgher 

87Sr/86Sr ratios (0.7082 to 0.7085) than the correspondlng Devonlan seawater 

(0.7080 to 0.7083) indicating that the dolomitizing fluids were probably modified 

from Oevonian seawater with the addition of small amounts of radiogenic strontium 

from adjacent or underlying clastics, or older carbonates. The above assumes that 

these replacement dolomites have not been signiflcantly modified slnee depositlon. 

Only minor neomorphism is suggested by: 1) fine dolomite rhombs (30 to 60 f.lm) 

that are occasionally distributed interstltial to and within coarser dolomite crystals 

(60 to 250 Ilm) suggesting the recrystalhzation of fine crystals to coarser ones; 2) 

the occurrence of coarser replacement dolomite crystals near fractures, stylolites, 
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and pores that display irregular sometimes nonplanar crystal boundaries and 

exhibit weak undulose extinction; 3) the presence of bright and dull luminescent 

bands of replacement dolomites along fractures; and 4) replacement of crystal 

cores in Dolomite-R2 by zoned dolomite. Aside from these local zones of 

alteration, the textures of Leduc dolomites appear to represent dolostones that 

have not been modified geochemicaly since the time of their precipitation. 

Later dolomite cements (C1 and C2) fill pores around dolomite clasts, in 

vugs, molds, and fractures. Dolomite-C1 precipitated out of saline ( 17.9 to 20.4 

wt%NaCI equ.) hydrothermal (Th= 98 to 142°C) fluids that were slightly radiogenic 

(87Sr/86Sr= 0.70830 to 0.70895) compared to Oevonian seawater, under 

intermediate to deep burial conditions (2000 and 2800 m) during the Cretaceous 

or earlier if higher geothermal gradients existed. Saddle dolomite (C2) cementation 

occurred after Dolomite-C1 precipitation. The slightly more depleted oxygen 

isotopie values of sadd le dolomite (-8.78 and -9.34%oPOB) compared to Dolomite­

C1 (-7.05 to -3.96%oPDB) probably reflects a combination of the different 

compositions and temperatures of the fluids responsible for saddle dolomite 

cementation. 

Evidence for thermochemical sulphate reduction (TSR) reactions during 

deep burial along the deepest part (>3000 m) of the Rimbey-Meadowbrook reef 

trend include: 1) the presence of late-stage blocky calcite cements with light carbon 

isotopie composition (-17.89 and -6.53 %oPDB), anhydrite cement, native sulphur, 

and sulphides in the deepest part of the trend; 2) the scarcity of these phases in 

the updip part of the trend; and 3) the higher levels of H2S observed in the 

deepest part of the reef trend (30 to 90%, Caroline and Bearberry fields 

respectively) compared to 1.4% in the shallowest part of the study area 

(Homeglen-Rimbey field) . 
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ABSTRACT 

Vertical and lateral heterogeneities are controlled by depositional cyclicity 

and diagenesis in dolostone reservoirs of the Upper Devonian Leduc Formation 

along the southern part of the Rimbey-Meadowbrook reef trend in Alberta. 

Stromatoporoid facies of the buildup margins are the best reservoirs, comprising 

the most vertically continuous intervals dominated by vuggy pores with high 

porosity and good permeability. Skeletal grainstones of the buildup interior 

comprise excellent reservoirs with intercrystalline pores having the bast 

permeabilities of ail facies/pore systems, and good porosity. The skeletal 

grainstones, however, form heterogeneous and complex reservoirs because they 

occur commonly as laterally discontinuous thin layers (5 to 50 cm) interbedded with 

non-porous facies. 

Distribution of pore types is governed mainly by depositional facies. 

However, reservoir effectiveness is strongly affected by diagenesis that increased 

the heterogeneity of the Leduc reservoirs. Cementation (anhydrite, dolomite, 

calcite, and sulphur) decreased the porosity and is most extensive downdip from 

the Medicine River field below present burial depths of 3000 m. The effect of 

dolomitization on reservoir properties is evaluated by contrasting undolomitized 

Golden Spike buildups with dolomitized Homeglen-Rimbey buildups. Comparable 

facies units in Golden Spike limestones and Homeglen-Rimbey dolostones contain 

different pore types, have generally similar average porosity, but the average 

permeability in the dolostones is significantly higher. At the reservoir scale, 

dolomitization initially led to a decrease in porosity during early burial. However, 

dolostones tend to have better retained their porosity because limestones have 

been more affected by pressure solution. Burial dissolution events (syn- and post­

shallow burial replacement dolomitization, stylolitization, and deep burial dolomite 

cementation) may have been induced by acidic fluids generated by mixing 

corrosion, maturation of organic matter, and thermochemical sulphate reduction . 
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INTRODUCTION 

A series of subsurface Leduc carbonate buildups (Woodbend Group, 

Frasnian) are located along the southwest - northeast trending Rimbey­

Meadowbrook reef trend that extends for 480 km in central Alberta (Fig. 1). These 

buildups are enclosed in basinal shales of the Ireton and Duvernay formations, and 

accumulated along the western edge of the Cooking Lake platform (Fig. 2). The 

fields studied Include: Homeglen-Rimbey, Gilby, Medicine River, Sylvan Lake, 

Lanaway, Garrington, Bearberry, and Harmattan (townships 43 to 33, ranges 1 to 

7 west of 5) over a distance of 130 km along the southern part of the Rimbey­

Meadowbrook reef trend (Fig. 3). The burial depth increases southward tram about 

2300 m in the Homeglen-Rimbey area to about 3500 m for the Harmattan field. 

Chapter 2 provides a description of the diagenetic phases observed wlthln these 

fields and attempts to constrain the origin of the dolomites. This paper examines 

the role of depositional and diagenetlc processes in porosity development of Leduc 

dolostone reservoirs. The objectives are: 1) to develop a depositional framework 

for the Upper Leduc dolostones, and use it in conjunction with the diagenesis 

described in Chapter 2 to characterize the reservoir quality of these Leduc 

dolomites; and 2) to identify the main dissolution events, examine eVldence for 

their origin (near-surface v.s. burial dissolution), and discuss potentlal processes 

capable of generating sufficient acidic fluids to account for the porosity observed. 

METHODS 

Cores from 35 wells through the Ireton, Ouvernay, and Upper Leduc 

formations were logged and sampled for petrographic analysis (Table 1, Fig. 3). 

Cores and logs do not penetrate the Middle and Lower Leduc Formation, thus most 

samples come from the upper 60 metres of the Leduc buildups. Systematic 

observations (Table 6) were obtained for ail cores examlned. The deposltional 

environments for the Homeglen-Rimbey field were reconstructed using facies 

descriptions and correlations along south-north (B-C') and west-east (O-D') cross 

sections (Figs. 13 and 14). Porosity was described following the classification 
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Table 6. Observations made from core . 

1. Core number, box, depth 

2. Matrix grain size 
<0.01 mm 
0.01-0.12 
0.12 - 0.50 
0.50 - 1.0 
1.0 - 2.0 
>2.0 mm 

3. Visual estimate of percent 
porosity 

4. Pore type 
intercrystalline 
vug 
moldic 
fenestral-like 
interparticle 

5. Pore description 
Size range 
Dominant pore size 
Pore shape 

6. Fractures 
connection with pores 
orientation (vertical, horizontal, 
inclined) 
visually estimated percentage 
fracture density index 

7. Breccia 
brecciated intervals, clast size, 
cement types 

8. Fossils 
Stromatoporoids, Amphipora, 
Thamnopora, Stachyodes, 
subspherical, tabular, massive, 
unidentified fragments, corals, 
other fossils 

9. Other variables 
diagenetic cements (anhydrite, 
bitumen, sulphides, calcite, 
dolomite), grain size of the 
matrix 
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scheme of Choquette and Pray (1970). Porosity and permeability (horizontal and 

vertical) core analysis data (Table 7a) were obtained mostly from the hies of Home 

Oil and the Energy Resources Conservation Board (ERCB). Core analyses were 

performed from 1956 to 1990, and were derived from core plugs or whole core. 

For the most part, these measurements are representatlve of the matnx poroslty 

and exclude large vugs, molds, and fractures. In the Homeglen-Rlmbey field, the 

arithmetic and geometric permeabllity mean were calculated for each de position a 1 

unit, and for each facies/pore system using the program StatVlewll (Feldman et al., 

1987). The arithmetic mean of the permeabillty IS the summation of the 

permeability values divided by the number of values. The geometnc permeablilty 

means were obtained by calculating the means of the logarithmitic dlstnbutlon. 

The arithmetic mean is most appropriate when intervals of homogeneous 

permeability (permeability blocks) follow a layer-cake arrangement, whereas the 

geometric mean is more representatlve of a random arrangement of permeabllity 

blocks (Wardlaw, 1990). These two averaging techniques are used ln thls study 

because in the Leduc dolostones, sorne po rosit y and permeablhty blacks are 

continuous laterally while others are randomly distnbuted. 

The reliability of the core analyses was tested by companng log and core 

measurements. Because gamma ray and neutron/denslty logs ln the study area 

date mostly from the 1960's, these comparisons could only be done for weil 11-29-

43-01W5 for which modern logs are avallable wlthln an Interval of skeletal 

grainstones that mostly contains intercrystaillne porosity. For the Interval 

considered in 11-29, core analyses (13.4 %) yield slmllar porosltles to those 

calculated from the density log (15%). McNamara et al. (1991) made slmilar 

comparisons for porosities of Leduc dolomites of the Westerose field (north of the 

study area) and also concluded that core analyses are generally comparable to log 

porosity for intervals with hlgh matrix poroslty. When the Interval measured 

contains pores that are larger than the core diameter, such as large vugs, matnx 

core analyses underestimate the porosity by about 3 percent or more (McNamara 

et al., 1991). Porosity was visually estimated in cores using representatlve photos 
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of different Leduc pore types as a reference so that estimates would be as 

consistent as possible. These estimates were either lower (by about 1 ta 3%) or 

about the same as the measured core analyses. 

A number of factors contribute to overestimation of horizontal permeability 

(kh) measurements (McNamara and Wardlaw, 1991): 1) measurements are not 

made at overburden pressure and are not corrected for gas slippage; 2) vugs and 

fractures are large in relation to core size; and 3) additional fractures are induced 

by coring. Average values of Kh may be unrealistically low in cases when: 1) 

cores with the largest vugs and fractures were not recovered; 2) open fractures 

contributing to high permeability units in the subsurtace were not adequately 

sampled; and 3) drilhng mud invasion has restricted communication between pores 

(McNamara and Wardlaw, 1991). No attempt was made ln this study to evaluate 

the net effect of these factors on core measurements of permeability. 

DEPOSITIONAL FACIES AND PORE TYPES 

Identification of the original carbonate textures and fossils is difficult in many 

Leduc dolostone cores because of strong modification by replacement 

dolomitization, leaching, and oil staining. Faint 'outlines of allochems, the shape 

and size of vugs and molds, and relict primary textures observed in cores and 

under diffused light microscopy, were used to construct a broad depositional facies 

framework for these dolomitized buildups, similar to the approach utilized in 

dolomltized outcrop equivalents of the Leduc Formation (e.g. McLean, 1992; 

Shields and Geldsetzer, 1992; Mc Lean and Mountjoy, 1993 a,b). Cross sections 

B-C' (south-north) and D-D' (west-east), constructed using the top of the Calmar 

Formation as a datum, iIIustrate the facies distribution across the Homeglen­

Rimbey field (Figs. 12 to 14). The Calmar Formation consists of about 10 meters 

of argillaceous siltstones (McCrossan et aL, 1964) with a distinctive gammalray log 

response. Pore types, porosity and permeability charts have been included with 

the facies distnbution to illustrate the relation between porosity and facies. Five 

main lithofacies have been recognized: 1) stromatoporoid; 2) skeletal grainstone; 
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Figure 12. Structural map of the top of the Leduc Formation in the Homeglen­
Rimbey field showing 40 meter contour intervals. Dashed lines represent poorly 
constrained Leduc contours. The oil-water contact is taken trom Kirker (1959). 
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Figure 13. South-north (S-C') cross-section of Upper Leduc Formation along the 
Homeglen-Rimbey field showing depositional facies and pore types. Weil 
locations are indicated in figures 3 and 12. The oil-water contact is taken from 
Kirker (1959). Datum: top of the Calmar Formation. 
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Figure 14. West-east (0-0') cross-section of Upper Leduc Formation alon9 the 
Homeglen-Rimbey field showing depositional facies, pore types, percent porosity, 
and horizontal permeability fram core analyses. Weil locations are indicated in 
figures 3 and 12. The oil-water contact is taken from Kirker (1959). Datum: top 
of the Calmar Formation. 
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3) Amphipora; 4) stromatolitic; and 5) skeletal packstone facies. The main pore 

types observed are, in decreasing arder of importance, vuggy, moldic, 

Intercrystalline, and breccia. Porosity and permeabllity values for each facies and 

pore system are summanzed in Table 7a. 

Fabric selective porosity and lithofacies 

The stromatoporoid facies consists of 1 to 20 m thick floatstones and 

rudstones comprised of bulbous or spherical-shaped vugs and molds, and/or relicts 

of stromato;:,orOlds that range in diameter from 2 to 10 cm or more (Plates 8a and 

8b). Relicts of accessory fossils include: Amphipora, Thamnopora, Alveolites, 

Stachyodes, and brachiopods (Plates 8c). Cross sections B-e' and D-O' reveal 

that the stromatoporoid facies is most abundant along the buildup margins and 

occurs locally in buildup interiors either as patch "reefs" or detritus. Large vugs 

and molds resulting from the dissolution of skeletal material are common. Primary 

intraparticle poroslty (Plate 8d) is also important locally. Distribution of porosity is 

heterogeneous with strongly leached units alternating with intervals of little 

dissolution or extensive anhydrite infill. Some vugs are larger than the core 

diameter and thus may have unrealistically low horizontal permeability and porosity 

core analysis measurements. Despite this core analysis bias, and considering that 

core analysis underestimate large vuggy porosity by at least 3% (McNamara et al., 

1991), stromatoporoid facies have the highest porosity and good horizontal and 

vertical permeability (Table 7a). This, combined with their relatively good vertical 

continuity, makes the stromatoporoid facies the best reservoir facies in the 

Homeglen-Rimbey buildup. 

The skeletal grainstone facies is characterized by 5 to 50 cm, relatively 

coarse-grained, bedded and massive grainstones (Plates 8e to 8g). Dolomitization 

has obliterated much of the original textures, but a few cores reveal that most 

grains are skeletal fragments (Plate 8g). This is one of the most internally 

homogeneous facies, dominated by intercrystalline pores distributed as irregular 

narrow vertical burrow-like patches (about 1 to 2 cm wide), and as laterally 
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Table 7. A. Poroslty·permeablllty values of dlfferent depositlonal facies and pore systems based 
C'n core analysis of selected Intervals ln the Horr.eglen-Rlmbey fteld. Values for breccla poroslty are 
derived from the entlre study area. B. Porosity-permeablllty values of dlfferent depositionai facies 
and pore systems of selected Intervals ln the Golden Splke hmestones (McGllllvray and MOLJntjoy, 
1975; Walls and Burrowes, 1990). N: number of samples analyzed; Ktr hOrizontal permeablhty; Kv 
vertical permeablllty, Ar anthmetlc average, Ge: geometnc average, Min minimum, Max maximum. 

7A) 

Leduc dolostones ln Homeglen-Rlmbey and othel fields 
along southern Almbey-Meadowbrook reet trend 

Facies and pore types N Poroslty Kh (mD) Kv (mD) KhI 
Kv 

Ar Min Max Ar Ge Ar Ge 
---

Vuggy pores ln 201 9.52±4 2.0 24 196 0.51 267 539 433 
stromatoporold facies 

Intercrystaillne pores ln 42 9.06±5 3.0 26 689 155 122 378 29.0 
skeletal gralnstones 

Intercrystalline and vuggy 130 7.99±3 0.0 19 192 7.35 350 640 75.3 
pores ln stromatoporold 
and Amphlpora faCies 

Vuggy pores ln 173 8.64±4 2.0 26 232 6.34 287 2.11 547 
Amphipora faCies 

Fenestrai pores ln 72 7.01±3 0.0 15 184 12.1 17.1 3.02 534 
stromatolltlc faCies 

Vuggy pores in skeletal 106 585±3 0.0 14 103 281 226 053 22.4 
pakstcme facies 

Green shales 34 3.06±2 0.0 70 31.2 1.59 5.79 058 105 

Breccia po rosit y 313 5.84±3 0.0 21 40.3 1.48 8.05 063 10.9 

7B) 

Leduc IImestones ln Golden Splke 

Interpartlcle Fenestrai 

12.5 7 

50 60 
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Plate 8. EXAMPLES OF DEPOSITIONAL FACIES AND ASSOCIATED PORE 
TYPES IN THE UPPER LEDUC FORMATION: 1 

A) Vuggy (V) porosity resulting from partial dlsso:ution of 
stromatoporolds. Thin fractures connect the pores. 03-26-42-02W5, 
2442.4 m. Scale bar 5 cm. 

B) Relict of stromatoporoid (S) fossil. 11-07-43-01W5, 2328.2 m. 

C) Possibly relicts of Stachiodes (S) based on their size and shape, 
which are commonly observed in stromatoporoid facies. Sorne 
allochems are partially leached leading to the presence of vuggy 
POroSily. 06-20-38-04W5, 3124.6 m. Scale bar in centimetres. 

D) Photomicrograph showlng a cross-section of a rugosc coral (C) 
containing intraclast porosity (1). This is a rare examp:e of weil 
preservE~d pnmary fabrics despite pervasive repl(lcement 
dolomitlzation. These carals usually occur in the stromatoporoid 
facies. 01-30-39-03W5, 2993.2 m, plane-polarized Ilght. Scale bar 
2.6 mm. 

E) Skeletal grain stone facies (SG) sharply underlain by a horizontal 
layer of dolomudstone (0). Alternating dense and porous vertical 
zones, underneath the dolomudstone, may represent the reliets of 
burrows. 11-25-42-02W5, 2386.6 m. Scale bar in centimetres. 

F) Photomicrograph iIIustrating that horizontal layers of dense (D) and 
intererystalline porous (1) zones are also observed at the microscopie 
s~~le. The eoarse, euhedral planar crystals of replacement dolomite 
in the porous intervals are classified as Dolomite-R3, whereas the 
tiner, anhedral dolomite crystals in the dense layers are classified as 
Dolomite-R2. 03-29-43-01 W5, 2441.1 m, plane-polarized light. 
Scale bar 3 mm. 

G) Example of skeletal grainstone facies where relicts of skeletal 
fragments (SF) are observed despite complete replac~ment 
dolomitization. In this example, por0sity is from the partial dissolution 
of the skeletal fragments. 11-28-43-01 W5, 2437.1 m. Scale bar 1 
cm. 
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discontinuous hOrizontal layers (Plate 8e). As discussed later (see Figs. 17 and 

18), several skeletal grainstone intervals can be correlated across the buildup 

interior, and a few also extend to the buildup margin. Commonly, grainstone layers 

displaying good intercrystaillne po rosit y are in sharp contact and alternate with 

intervals of tight dolomudstones (Plate 8e). Alternation of porous and non-porous 

layers can also be observed at the microscopie scale (Plate 8d). In general, 

Intercrystalline pores are associat@d with coarse, euhedral, and planar crystals of 

replacement dolomite. Because of the uniform crystal size of these dolomites (300 

to 500 /lm), the pores are polyhedral in shape. and extremely weil sorted in size 

(Plate 3a) Core analysis for skeletal grainstones w~th abundant Intercrystalline 

pores IS a reliable approximation of the true porosity and permeability because 

matrix porosity predominates in these intervals. Of ail the facies group, skeletal 

gralnstones have the highest horizontal and vertical permeability, and are 

characterized by relatively high porosity (Table 7a) and thus comprise excellent 

reservoir~. However, at the buildup scale skeletal grainstones are thin, interbedded 

with denser facies, and laterally discontinuous resulting in the second best 

reservolr facies after the stromatoporoid facies. Vuggy and moldic pores resulting 

fram extensive leaching of skeletal fragments (Plate 8g) are also present in skeletal 

grainstones, lowering the po rosit y and permeability compared to intervals with only 

intercrystalline po rosit y (Table 7a). 

The Amphipora facies consists of 20 cm to 10 m thick beds of 

wackestones, packstones, and grainstones that contain abundant centimetre long 

cylindrical molds and grains, probably Amphipora (Plates 9a and 9b). Amphipora 

grainstones are usually observed in the buildup interior. Amphipora wackestones 

and packstones are most abundant in the buildup interior but also occur in the 

buildup margins. Vuggy and moldic porosity predominates with the pore size often 

reflecting the shape of original s~(9letal components (Plates 9a and 9b). Primary 

interparticle porosity is locally present in Amphipora grainstones (Plate 3e) but is 

volumetrically insignificant. In general, interparticle pores are partially to completely 

occluded by primary isopachous and fibrous submarine cements now replaced by 
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dolomites. Compared to stromatoporold facies, Amphipora facies have slightly 

higher horizontal permeability, and similar po rosit y and vertical permeablhty (Table 

7a). In addition, Amphlpora facies are commonly Interbedded wlth dlfferent 

sediments such as tight dolomudstones, and skeletal gralnstones wlth beds 

alternating every 1 Ù cm. This mterbedding further Increases the contrasts between 

horizontai and vertical permeability which IS consistent wlth the hlgh hOI1Lontal to 

vertical permsabillty ratio (Kh/Kv) observed in thls facies (Table 7a) 

The stromatolitic facies conslsts of 20 cm to 1 m thlck beds of finely 

laminated dolomudstones, with occa~lonally cnnkled laminations, and in sorne 

cases centimetre-scale ':itiOmatohtic structures (Plate 9c). This facies occurs ln the 

buildup interior and is commonly interbedded with skeletal gralnstones, and wlth 

a dolomudstone facies that represents 10 cm to 2 m thick beds of massive 

dolomite that lack relicts of allochems "Fenestral-like" pore ln stromatolites are 

very common, but larger vugs, intercrystalline and moldic pores are also Important. 

ln contrast to ail the facies described above, stromatolitrc facies are characterized 

by relatively low porosity and good horizontal permeabllrty wlth comparatlvely low 

vertical permeability (Table 7a). 

Skeleta~ packstone facies occur ln the buildup flanks. They are 

characterized by skeletal packstones composed of stromatoporOld and coral 

fragments (Plate 9d), interbedded wlth laminated mudstones and wackestone 

These d6posits are porous wlth moldic and vuggy po roSit y resultlng from the 

leaching of skeletal fragments, and are enclosed in low po rosit y flank mudstones 

and wackestones. Consequently, porosity and permeability generally are good 

within skeletal packstones but communication wlth the rest of the reservolr may be 

limited. 

Green shales and associated dolomites comrlrise layers up to 20 cm thlck 

that are interlaminated with the stromatolitlc and dolomudstone faCies in the bUlldup 

interior, and with stromatoporoid facies along the buildup marglns (Plate ge; Figs. 

13 and 14). In a few cuses, green shales and argillaceous dolostones can be 

correlated across parts of the buildup (see Fig. 18). Green shales also occur as 
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Plate 9. EXAMPLES OF DEPOSITIONAL FACIES AND ASSOCIATED PORE 
TYPES IN THE UPPER LEDUC FORMATION: Il 

A) Moldlc po rosit y probably after leaching of Amphlpora (A) fossils. This 
core IS an example of an Amphipora wackestone that comprises the 
Amphipora faCies. 03-29-43-01 W5, 2423.2 m. 

8) Photomicrograph of moldlc po roSit y (M) after partial dissolution of 
probably Amphlpora fossils. 11-07 -43-01 W5, 2341.5 m, plane­
polarized light. Scale bar 2.0 mm. 

C) Fmely laminated dolomudstone with fenestra-like pores comprising 
the stromatolitlc facies. 11-25-42-02W5, 2399.8 m. 

0) Completely dolomitized skeletal intraclast packstone in a slump 
deposlt from the buildup flanks. Presence of :;tromatoporoid 
fragments (S) suggests proximity to the shallower parts of the 
buildup. Intraclast po rosit y predominates and is partially to 
completely filled by dolomite and anhydrite cements. 11-28-43-
01W5, 2442.8 m. Scale bar 3 cm. 

E) Green shaly (GS) layers are commonly observed near finely 
lammated dolom udstones (LD). 11-25-42-02W5, 2391 .5 m. 

F) Green shales also tlll geopetals (GI). 11-03-42-02W5, 2394.8 m. 
Scale bar 7.0 mm. 

G) S0me vugs (V) are sa Irregular that the precursor tabric cannat be 
recognized. 11-07-43-01 W5, 2351.4 m. 
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geopetal infills in interparticle and intraparticle pores in the buildup interior and 

margins (Plate 9f). Green shales are characterized by average porosity and 

permeability that are unexpectedly high, probably reflecting the presence of porous 

and permeable dolostones mixed with, or immediately adjacent to, these shaly 

intervals. Nevertheless, intervals containing green shales have low average 

vertical permeability, the lowest porosity (Table 7a), and th us act as efficient 

permeability barriers for vertical flow. Average horizontal permeability, however, 

is relatively good indicating that horizontal flow occur in horizons comprised of 

green shales. 

Nonfabric selective porosity 

Other pore types occurring in the Leduc dolomites include irregular vugs that 

commonly are large, randomly distributed and without indication of their precursor 

fa bric (Plate 9g), and breccia porosity (Plates 10a to 10c). Brecciated intervals are 

comprised of replacement dolomite fragments cemented by dolomite and anhydrite 

with or without sulphides (Plates 1 Oa to 10c). Fragments are typically rotated and 

have dropped from their original stratigraphic position. The sulphides occur as a 

layer of coarse crystals preferentially coating the tops of the dolomite fragments. 

The underside of fragments is coated either not at ail or to a much lesser degree. 

This lining of the cavities by sulphides was first described by Oder and Hook 

(1950), and is a diagnostic texture of MVT deposits because it has not been 

reported in any other type of minerai deposit (Sangster, 1988). 

This variety of breccia is observed in the Leduc dolostones but have not 

been reported in the Golden Spike and Redwater limestone buildups. In the 

Homeglen Rimbey field, breccias were only observed in buildup margin facies in 

wells 9-25, 3-29, and 3-26. They cannot be correlated east-west across the 

buildup, and are not associated with major surfaces of subaerial exposure (see 

Figs. 17 and 18). The volume of dolomite breccias increases to some extent 

downdip along the Rimbey-Meadowbrook reef trend with increasing burial depth 

(Fig. 15). 8recciated intervals are ail completely cemented by dolomite and 
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Plate 10. 

A) 

EVIDENCE FOR FRACTURING AND DISSOLUTION IN THE 
UPPER LEDUC FORMATION 

Breccia porosity is characterized by voids surrounding fragments of 
replacement dolomite (R2). These voids are completely occluded by 
dolomite cement (C1), and anhydrite (A). Thin geopetal layers of 
pyrite (P) occur on top of some fragments. Irregular fragments of 
matrix dolomite surrounded by anhydrite are corroded along the 
edges suggesting they were replaced by anhydrite. 03-29-43-01W5, 
2382 m. Scale bar in centimetres. 

B) Fractures (F) observed in brecciated intervals crosscut replacement 
dolomite resulting in the presence of dolomite fragments (OF). In this 
particular example, the edges of the dolomite fragments are rimmed 
by a thin zonation of dolomite cement (C1) indicating that the 
fracturing event associated with the brecciation postdates 
replacement dolomitization and predates dolomite cementation. 11-
06-36-03W5, 2982.4 m. Scale bar 9.6 mm. 

C) A rim of dolomite cement (C 1) is offset by fractures (f) suggesting 
that a later fracturing event postdates dolomite cementation. 16-25-
36-06W5, 3469.6 m. Sc ale bar 7.5 mm. 

D) Example of microfractures observed in the Harmattan field. 13-09-
33-04W5, 3406.8 m. Scale bar 1.6 cm. 

E,F) Paired plane light and cathodoluminescence photomicrographs of 
replacement dolomite clasts, dolomite cement (C1), and anhydrite (A) 
that occur in the breccias. Replacement dolomite (R2) and the 
edges of the dolomite cement (C1) appear to be partially dissolved 
indicating dissolution phases post-dolomitization and post-dolomite 
cementation. These events overlapped with replacement of the 
dolomite crystals by anhydrite, and anhydrite cementation. 06-20-38-
04W5, 3134.3 m. Scale bar 230 J.lm. 

G,H) Paired plane light and cathodoluminescence photomicrographs 
iIIustrating that dolomite cement (C 1) observed in the breccia 
intervals is not always dissolved, as in Plates 10 e&f, suggesting that 
anhydrite (A) is predominantly a cement as opposed to a replacive 
phase. 03-29-43-01W5, 2382 m. Scale bar 230 J.lm. 

I,J) Paired plane light and fluorescent photomicrographs showing a vug 
along a stylo lite (S) that crosscuts replacement dolomite (R2). The 
crystals of replacement dolomite adjacent to the vug appear corroded 
under fluorescent light suggesting that they have been dissolved. 
This indicates that dissolution occurred after replacement 
dolomitization, syn- and/or post- stylolitization. 08-27-36-06W5,3593 
m. Scale bars for 1 and J are 200 and 75 J.lm respectively. 
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Figure 15. South-north cross-section A-B-C showinQ the presence and absence 
of anhydrite, dolomite cements (C1 and C2), pyrite, and breccia porosity. Based 
on estimates from logged cores, the occurrence of these diagenetic phases 
decreases northward updip along the Rimbey-Meadowbrook reef trend. North of 
the Medicine River field above present bu rial depths of about 3000 m, these 
diagenetic phases are rare to absent (e.g. wells 01-30, 03-26, 11-25, 07-25, and 
11-07). 
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anhydrite cements (Plates 10a to 10c), and thus represent poor reservoirs with 

relatively low average porosity and permeabilities (Table 7a). The highest porosity 

values (up to 21 %; Table 7a) in brecciated intervals are related to the presence of 

intercrystalline and pinpoint po rosit y in dolomite breccia clasts. 

EVIDENCE FOR THE TIMING OF DISSOLUTION AND FRACTURING 

Diagenesis in the dolomitized Leduc buildups is complex (Fig. 10; Chapter 

2). Based on texturai and crosscutting relationships the generalized paragenetic 

sequence may be summarized as: 1) early fibrous and isopachous calcite 

cementation; 2) several phases of stylolitization; 3) matrix replacement 

dolomitization overlapping with early stylolitization; 4) late-stage cementation by 

dolomite, anhydrite, calcite, and quartz; 5) bitumen emplacement; and 6) sulphur 

and sulphide precipitation. The distribution of pyrite, anhydrite and dolomite 

cements, and their common association with breccia po rosit y is shown along a 

south-north cross section (A-C) that covers the entire study area (Fig. 15). Of ail 

the cements, anhydrite constitutes the most pervasive and volumetrically important, 

filling vugs, molds, fractures, and intraclast pores in dolomite breccias. 

A total of four fracturing and three dissolution phases are observed in the 

Leduc dolostones and placed in the paragenetic sequence (Fig. 16): 

Dissolution 1- The presence of dolomitized matrix surrounding leached 

calcite allochems has been observed in partially dolomitized Leduc buildups 

(Mattes and Mountjoy, 1980; Mamuez, pers. comm., 1992; Chouinard, 1993) and 

indicates preferential dolomitization of the matnx contemporaneous with and/or 

postdated by dissolution of the calcite remnants. 

Fracturing and dissolution 11- Evidence for fractunng and dissolution 

postdating replacement dolomitization is indicated by: 1) fracturing and brecciation 

of matrix dolomite as desr:-ibed in the previous section (Plates 10a to 10c); 2) 

corrosion of the edges Jf the replacement dolomite clasts (Plates 10e and 1 Of) ;and 

3) corroded crystals 0 replacement dolomite crosscut by stylolites (Plates 101 and 

10j) . 
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Figure 16. Inferred porosity changes with respect to the paragenetic sequence, 
including dissolution phases. In the Homeglen-Rimbey field, the present average 
porosity of the buildup interior and margins are 7 and 10% respectively. 
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Fracturing and dissolution 111- A later phase of fracturing and dissolution is 

indicated by dissolution along fractures that crosscut the rims of dolomite cement 

in brecciated intervals (Plates 10c, 10e, and 1 Of). This solution event postdates 

dolomite cement, but predates blocky calcite and anhydrite cements. It is 

volumetrically minor compared to the fracturing and dissolution events 1 and II. 

Fracturing IV- Fractures filled with native sulphur, crosscut anhydrite 

cements (Plate 1e), and are rare. 

Microfractures- Extensive hairline microfractures only occur rra the 

Harmattan field (weil 13-09), an isolated buildup that is I)ot connected to the 

Rimbey-Meadowbrook reef trend (Fig. 1). They are filled with bitumen, radiate 

away from pores, and crosscut fractures filled with dolomite and anhydrite cements 

(Plate 10d). They are similar to those reported by Marquez et al. (1992) trom the 

Strachan and adjacent buildups and are interpreted to have formed in these 

isolated reservoirs when trapped oil was converted to gas. 

RESERVOIR CHARACTERIZATION 

ln this section, the depositional environments for the Upper Leduc 

Formation in the Homeglen-Rimbey are reconstructed on the basis of facies 

correlations (Figs. 17 and 18), and are used to subdivide the Leduc reservoir into 

depositional units. Facies distribution maps for two of these units show the 

distribution of porous and permeable zones (Fig. 20). The effect of diagenesis 

(including dolomitization) on porosity evolution is also discussed. 

Interpretation of depositional environments 

The facies identified from detailed core descriptions are correlated in the B­

C' and D-D' cross sections of the Upper Leduc Formation in the Homeglen-Rimbey 

field (Figs. 17 and 18) based on the preserved dolomitized fauna, pore shapes, 

and on depositional models for Leduc lime stone equivalents in the Golden Spike 

and Redwater buildups (McGillivray and Mountjoy; 1975; Reitzel et aL, 1976; 

Wendte and Stoakes, 1982; Wendte et aL, 1992). Five main depositional units 
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Figure 17 A. Correlation of facies in Upper Leduc Formation along south-north 
cross-section B-C'. The oil-water contact is derived fram Kirker (1959). 
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Figure 178. South-north cross-section 8-C' in Upper Leduc Formation showing 
calculatpd average po roSit y ln the left column, and arithmetic average horizontal 
permeability in the nght coiumn for each depositional unit. Porosity and 
permeability data are based on core analysis. Horizontal permeabilit~1 values for 
weil 11-07 are not available . 



Figure 18. Correlation of facies along west-east cross-section D-O' in Upper 
Leduc Formation. Calculated average po rosit y in percent is shown in the left 
column, and arithmetic average horizontal permeability in millidarcies is glven in 
the right column for each depositional unit. Porosity and permeablhty data are 
based on core analysis. The oil-water contact is derived trom Kirker (1959). 
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10 to 50 metres thick (A to E, Figs. 17 and 18) are recognized mainly on the basis 

of abrupt vertical facies changes, and correlative green shale layers. In several 

wells, green shale layers are absent (e.g. 11-07; 06-15; 03-29) in some 

depositional units, possibly a result of: 1) poor core recovery; 2) non deposition and 

limited lateral extent; or 3) erosion. Where green shales are absent, depositional 

units are correlated using constant thicknesses. Green shale horizons are 

interpreted to be the products of storms that transported fine sediment trom an 

adjacent basin al source based on their character and distribution: 

1. Green shales are interlaminated with stromatolitic facies (Plate ge) 

implying they are de position al rather th an due to solution of previous 

carbonates during exposure. 

2. Green shales occur as geopetal fillings (Plate 9f) in the buildup 

margins and interior suggesting marine deposition. 

3. Green shales are similar texturally and mineralogically to the subtidal 

green shales of the Ireton Formation that occur adjacent to the Leduc 

buildups. 

4. Cyclic repetition of green shales in the stratigraphie succession 

implies a repeated cycle oi deposition. 

Green shales in the Swan Hills reef complex at Judy Creek have similar 

characteristics and distribution and were also interpreted to be the product of storm 

(Wendte and Stoakes, 1982). The green shales are interpreted as time lines, 

assuming that they represent storm deposits. 

Each depositional unit is comprised of one or more shallowing upward hemi­

cycles, both in the buildup margin and interior, that are on the order of 10 to 20 m 

thick (Fig. 19). From bottom to top, the depositional hemi-cycles of the reef margln 

are represented by: 1) stromatoporoid floatstones or rudstones; 2) Amphipora 

wackestones and packstones; 3) skeletal grainstones; and 4) green shale 

horizons. Commonly, one or more of the four facies is missing or poorly 

developed. The hemi-cycles in the buildup interior differ from the ones in the 

buildup margin in that they are thinner, and contain fewer occurrence of 
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Figure 19. Schematic reconstruction of an ideal shallowing upward hemi-cycle in 
the buildup margin and buildup interior of the Leduc dolostones in the Homeglen­
Rimbey field. 
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stromatoporoid facies. They are characterised by three or more of the following, 

from bottom to top: 1) Amphipora grainstones; 2) skeletal grainstones; 3) 

stromatolitic and planar dolostones; 4) dolomudstones; and 5) green shales. 

These hemi-cycles are thicker th an the meter-scale cycles reported in Leduc 

limestone buildups (Stoakes, 1992) and in the outcrop equivalent Leduc buildups 

of the Rocky Mountains (e.g. Mclean, 1992; Mclean and Mountjoy, 1993b). In 

part, this may result trom the obliteration of sorne facies and their contact~ by 

dolomitization, and continuous deposition of stromatoporoid and other facies along 

the buildup margins without obvious breaks. Similar conclusions have been 

reported for the Redwater and other buildups by Stoakes (1992). 

Depositional units show a classic pattern of facies retrograding towards the 

buildup interior representing a transgression (units A, C, and E in Figs. 17 and 18), 

and prograding of facies representing a regression (units Band D in Figs. 17 and 

18), similar to the interpretations for Golden Spike and Redwater Leduc limestone 

buildups by Wendte and Stoakes (1992). Unit A represents bulbous 

stromatoporoid banks alternating with th in intervals of skeletal grainstones in the 

buildup margins, with lagoonal deposits accumulating in the buildup interior (mostly 

green shales with thin layers of skeletal grainstones, and stromatolites). Unit B is 

characterized by stromatolite shoals (e.g. wells 11-25 and 11-07) suggesting a 

regression event. Locally, Amphipora grainstones were deposited between the 

stromatolite shoals. The stromatoporoid facies accumulated along the buildup 

margins of wells 7-25 and 9-25. Unit B is overlain by a green shale horizon in 

wells 7·25 and 9-25 (Fig. 18). Green shales and dolomudstones generally 

characterize the uppermost portions of shallowing upward cycles, a stage when 

sea level was relatively stationary and filling of the basin with shales from the north 

and northeast had bec orne reestablished (Stoakes, 1980). This is overlain by unit 

C which lacks stromatolitic facies, and is comprised of relatively deeper water 

facies including mostly Amphipora, Thamnopora, and skeletal grainstones in the 

buildup interior and bulbous stromatoporoids along the buildup margins. Thus, unit 

C may represent a transgressive event. Unit 0 consists of stromatoporoid facies 
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(02 and 04) along the buildup margins interlayered with thin skeletal grainstones 

(01 and 03) that extended intothe buildup interior (Figs. 17 and 18). Unit 0 differs 

from unit C by containing seve rai layers of stromatolitic facies suggesting a 

regression event. Factors that terminated carbonate sedimentation are difficult to 

resolve. Unit E only occurs locally in wells 11-07 and 11-03 (Fig. 17). It consists 

predominantly of skeletal grainstones that may represent subtidal carbonate sand 

shoals deposited during the deepening event that marked the end of reet 

deposition in the Redwater and Golden Spike area (Stoakes, 1992). 

Depositional controls on reservoir character 

There is a good correspondence between pore type distribution and 

depositional facies (Figs. 17 and 18). Facies distribution maps (Fig. 20) of 

depositional units 03 and D2 outline the distribution of the porous and permeable 

zones. Because of the poor core control in many parts of this field, considerable 

interpretation was involved in constructing these maps. Contours were drawn to 

conform to the buildup morphology based on a structure map of the top of the 

Leduc Formation (Fig. 12). Wells with cores were assigned ta reef positions (flank, 

margin, and interior) based on the lithofacies. Wells lacking core were positioned 

based on their location with respect to the structural contours. Contour line -1440 

m is a rough approximate of the outer limit of the buildup interior. The outer limit 

of the buildup margins is indicated by the outer limits of the stromatoporoid '(~cies. 

The arithmetic average porosity and horizontal permeability were calculated 

for each depositional unit in each weil along the cross sections (Figs. 17 and 18). 

Porosity in the margins is generally similar to or higher than the poroslty ln the 

buildup interior. One exception is weil 09-25, where the po rosit y in depositional 

units A and B in the buildup margin is about 5% compared ta 7-10°/0 in the bUlldup 

interior. The presence of completely cemented breccla po rosit y in 09-25 within 

units A and B in part explains the lower porosity values. Based on the cross 

sections (Figs. 17 and 18) and facies distribution maps (Fig. 20), the Leduc 

dolostones are heterogeneous reservoirs with highly variable porosity and 
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Figure 20. Idealized facies distribution maps for depositional units 03 and 02 
correlated in figures 17 and 18. The interpretations are based on the structural 
style of the area (Fig. 12) and the depositional model developed for the Golden 
Spike Leduc limestone (McGillivray and Mountjoy, 1975; Reitzel and others, 
1976). 
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permeability. From the point of view of volume and vertical continuity, the best 

reservoir rocks are in the extensive vuggy stromatoporoid facies of the buildup 

margin facies which contains the greatest amounts of large vugs and are generally 

about 10 m thick. Average porosity core analyses are 9.52% (Table 7a). Probably 

a more realistic porosity would be about 13%, since core analysis underestimate 

porosity byat least 3% in intervals with large vugs (McNamara et al., 1991). Good 

intercommunication between the pores is indicated by the common occurrence of 

thin fractures that connect the pores (e.g. Plate 8a) which may explain the 

relatively high horizontal permeability in the stromatoporoid facies (Table 7a). 

Heterogenities of the reservoir character in the buildup margin are controlled by 

both de position al facies and diagenesis as indicated by: 1) the occasional 

occurrence of thin beds of porous and highly permeable skeletal grainstones, and 

dense and nonporous green shales interbedded with the stromatoporoid facies 

(Figs. 17 and 18); and 2) the presence of dolomite and anhydrite cements, both 

of which appear to be less abundant in the updip Homeglen-Rimbey field, but 

increase southward downdip in the study area (Fig. 5). Based on the depositional 

model of McGillivray and Mountjoy (1975) and Reitzel et al. (1976) for the Golden 

Spike limestones, the stromatoporoid facies in the Upper Leduc Formation tend ta 

be laterally discontinuous and narrow. This was probably also true for the 

stromatoporoid facies in the Homgelen-Rimbey field since the carbonates in this 

area were dep( ;~lt.~ under similar conditions. 

The bui Jup interior is comprised of thin beds (centimetres in scale) of 

Amphipora grainstones alternating with skeletal grainstones, stromatolites, and 

dolomudstones resulting in vertical heterogeneities governed, for the most part, by 

depositional facies. Porosity and permeability, as a result, are variable. The 

skeletal sand fiat deposits comprise the best reservoir facies in the buildup interior 

(Table 7a): they contain the highest horizontal and vertical permeability in the 

buildup complex, and exhibit good porosity. Prediction of the distribution of porous 

and permeable zones in skeletal grainstones must take into consideration that 

these horizons are relatively discontinuous both vertically and laterally because: 1) 
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the~' are thinly bedded and alternate with dense green shales and dolomudstones; 

and 2) they rarely extend to the buildup margins (Figs. 17 and 18). Amphipora and 

stromatolite facies of the buildup interior have slightly lower porosity and 

permeability, and occur as patches and lenses. Tight green shales and 

dolomudstones form local vertical permeability barriers that sometimes extend to 

the buildup margins. Patch reefs with vuggy porosity also occur in the reef interior. 

Permeability differs from one type of facies/pore system to another (Table 7a) 

indicating that permeability like porosity is controlll3d, ln part, by depositional facies 

and diagenesis (see below). 

Diagenetic controls on reservoir quality 

ln addition to mapping the porous and permeable facies, characterization of 

Leduc dolostone reservoirs must take into consideration diagenesis, particularly 

how cementation, dissolution, and dolomitization have affected the evolution of 

porosity and permeability. The paragenetic sequence of the Leduc dolostones and 

inferred porosity evolution are shown in Figure 16. In limestone Leduc buildups, 

early cementation decreased primary po rosit y and was followed by minor near­

surface dissolution that enhanced primary pores and created sorne secondary 

porosity (Walls, 1977). These processes probably also took place in Leduc 

dolostones along the Rimbey-Meadowbrook reef trend which underwent a similar 

depositional and early diagenetic history. Mechanical and chemical compaction 

reduced both primary and secondary porosity. Later dissolution phases 1 and Il, 

that occurred during and after replacement dolomitization and after early 

stylolitization, increased the porosity. The common occurrence of fractures that 

connect the pores (Plate 8a) suggests that permeability has been enhanced by 

fracturing. Porosity was gradually filled by late-stage cements including dolomite, 

anhydrite, and sulphur (Fig. 16). Because ail the above porosity destruction and 

enhancement processes overlap, the distribution of final effectIVe porosity in the 

Upper Leduc is difficult to predict and may, in sorne cases, be unrelated to the 

original depositional environment. Mapping of the distribution of the main cements 
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(Fig. 5), however, suggests that effective porosity at the reservoir scale decreases 

progressively downdip, especially south of Medicine River below present burial 

depths of 3000 m. 

The effect of replacement dolomitization on porosity evolution is a 

complicated process, and may variously involve the preservation, enhancement, 

or destruction of pre-existing porosity (see review by Chilingarian et aL, 1993, 

Mountjoy, 1994 in press). Porosity evolution during replacement dolomitization 

depends in part on the mechanism of dolomitization (Machel and Mountjoy, 1986). 

ln theory, if the limestone is dolomitized by mole-for-mole replacement of calcium 

by magnesium, an approximate 13% volume reduction may result due to the 

greater density of the magnesium atom. The volume reduction creates up to 130/0 

increase in porosity that may later be preserved, enlarged, or destroyed. If 

dolomitization occurred as volume-for-volume replacement (e.g. substitution of 

MgC03 for CaC03), a volume increase of 75 to 85°10 will result in porosity loss 

rather than gain (Lippmann, 1973). Dolomitization that involves no volume 

changes should theoretically lead to fabric and porosity preservation (Machel and 

Mountjoy, 1986). 

Examples of two dolomite reservoirs with very different nature, po rosit y, and 

permeability are the Mississippian-hosted dolomites within the Upper Debolt 

FormatiJn, and the Upper Devonian Wabamun dolostones (Packard, 1992). The 

former case is characterized by fabric retentive dolomites that probably originated 

from shallow seepage reflux model for dolomitization. It forms idiotopic planar-e 

tabrics with crystal sizes ranging trom 1 to 20 Ilm, averaging 10llm, with high 

micro-intercrystalline porosity of up to 38% and permeability up to 75 mD. In 

contrast, Upper Devonian Wabamun Formation was dolomitized in a shallow to 

intermediate burial environ ment and is comprised of matrix dolomites with idiotopic­

s fabric, and porosities that rarely exceed 5% (Mountjoy and Halim-Dihardja, 1991). 

These two examples illustrate that the dolomite crystal fabric, and the manner in 

which dolomitization took place are also important factors in controlling the 

reservoir quality . 
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The influence of dolomitization on reservoir properties, both at the facies and 

reservoir scale, is evaluated empirically by comparing the undolomitized Golden 

Spike buildup with the dolomitized Homeglen-Rlmbey Leduc buildups, at present 

burial depths of about 1600 and 2300 m, respectively. The reservolr properties of 

the main facies/pore systems of the Homeglen-Rimbey buildups are summam:ed 

and compared with those of the Golden Spike buildup in Tables 7a and 7b. 

Information on the pore types, characterizing the facies in Golden Spike is denved 

from McGillivray and MountJoy (1975) and Walls and Burrowes (1985, 1990). 

Interparticle pores predominate in the stromatoporoid facies and skeletal 

grainstones of Golden Spike and yield average po rosit y values as low as 5.5% 

(Table 7b), because of extensive submarine cementation in the buildup margins 

(McGillivray, 1975; Walls et aL, 1979). Stromatoporoid facies and skeletal 

grainstones Obf ·'3rved in Homeglen-Rimbey are comprised mostly of vuggy and 

intercrystalline po rosit y respectively. In contrast to Golden Splke, the 

stromatoporoid facies in Homeglen-Rimbey yield higher average po rosit y (10%) 

and permeability values (Tables 7a and 7b). Furthermore, the skeletal grainstones 

in Homeglen-Rimbey have similar average porosities to those of Golden Spike, but 

have much higher permeabilities (Tables 7a and 7b). 

The different pore types within similar depositional facies in the Homeglen­

Rimbey dolostones compared to the Golden Spike limestones indicates that 

dolomitization modified the pore types and their distribution. The higher po rosit y 

in the stromatoporoid facies of Homeglen-Rimbey is probably due to the greater 

abundance of vuggy pores resulting from dissolution that overlapped with 

replacement dolomitization, but may not necessarily be related to the process of 

dolomitization itself. The average porosities in Golden Spike and Homeglen­

Rimbey fields for skeletal grainstones, stromatolite and skeletal packstone facies 

are similar. Despite different diagenetic and burial histories in each field, the 

present porosity for each facies types was not changed slgnificantly. However, 

compared to the Golden Spike, the permeability is in general much greater in ail 

facies from Homeglen-Rimbey. These high permeability values have resulted trom 
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replacement dolomitization, since the abundanee of fracturrJS are similar in both 

fields. 

At the reservoir scale, it is dlffieult to determine whether dolomitization 

decreased or increased porosity. Nevertheless, the effect of dolomitization on 

poroslty evolution for Leduc dolostones are interpreted in Figure 21 based on 

several assumptions: 1) the initiai porasity in ail Leduc buildups was similar to 

porosities in modern reefs (30 to 50%); 2) cementation reduced po rosit y during 

near surface and early burial diagenesis; and 3) during early stages of burial (0 to 

500 m) porosity is decreased mostly by mechanical compaction, whereas at burial 

depths greater than about 500 m, chemical eompaction reduces po rosit y 

(Dunmngton, 1967; Und, 1993). 

The present average po rosit y values for Golden Spike are 7% and 10% for 

the buildup margins and interior respeetively (Walls and Burrowes, 1985). These 

values are reversed in the Homeglen-Rimbey field (10% in the buildup margin and 

7% in the interior), in part due to the abundant submarine cements along the 

margins o~ the Golden Spike buildup. Although the Homeglen-Rimbey buildup has 

been buried 700 m deeper th an the Golden Spike bUildup, it contains higher 

porosity values in the buildup margins. In the buildup intorior, however, the 

average porosity in the Homeglen-Rimbey dolomites is somewhat lower. With 

deeper burial downdip from the Homeglen-Rimbey field, Ledue limestones eontain 

abundant stylolites and have their poraslty is reduced to an overall average of 

1.5% at about 3500 m (e.g. Strachan field 038, Marquez, pers. comm., 1993), 

whereas the dolomite counterparts (Ricinus and Strachan field D3A) have fewer 

stylolites and have an average porosity of 6%. Compared to dolostones, the 

relatively larger reduetion in po rosit y of limestones with increasing bu rial depth, 

concomitant with the greater number of stylolites (Marquez, pers. comm., 1993) 

indicate that dolomites are more resistant to chemical compaction than limestones, 

as has been shown for Pleistocene and Mesozoic rocks fram south Florida 

(Schmoeker and Halley, 1982). The slightly higher present porosity values in the 

margins of the Homeglen-Rimbey buildup and in the dolostones of Ricinus and 
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Figure 21. Comparison of inferred po rosit y changes with bu rial between the 
limestone Golden Spike buildup and the dolomite Homeglen-Rimbey buildups 
buried at about 1600 and 2300 m respectively. Initial porosity ln both fields IS 

assumed to Ilave been about the same as the po rosit y observed in modern reefs 
(30 to 50%). The present average porosity values for the Golden Spike bUildup 
margin and interior are 7% and 10% respectively (Walls and Burrowes, 1990). 
Based on core analysis, present average porosity values in the Homeglen-Rlmbey 
buildup margin and interior are 10% to 7% respectlvely. The slightly hlgher 
porosity values in the Homeglen-Rimbey margins appears ta be due to the greater 
abundance of vuggy po rosit y, whereas the buildup margins of Golden Splke are 
dominated by interparticle porosity partially ta completely filled with submanne 
cements. Although the Homeglen-Rimbey dolostones have undergone deeper 
burial, they retalned, in general, similar average po rosit y values as the shallower 
buried Golden Spike buildup, because dolomites are more resistant ta chemical 
compaction than limestones. 

• 

• 



• 

• 

Estimated porosity at time of deposition 

30 to 50% 

Golden Spike 
limestones 

Mechanical compaction 
& cementation 

decrease porosity. 

Homeglen-Rimbey 
dolomites 

L Ji1\. 

20 to 30%:: • .... -
-.Jl -~ 

1 
Undolomitized. Mechanical & 

chemical compaction & 
cementation decrease porosity. 

l 
20 to 25% 

1 

Chemical compaction & 
cementation decrease porosity 

progressively 

+ 

20 to 30% 

1 
Replacement Dolomitization. 

Porosity redistributed 
& decreased. 

! 
15 to 20% 

Little chemical compaction. 
Minor cementation. 

Little decrease in porosity. 

! 

Om 

500 

600 

2300 

86 



• 

• 

Strachan field D3A can also in part be explained by the greater abundance of 

vugs in dolomites than in Leduc limestones. If the assumptions and interpretations 

noted above are correct (Fig. 21), then replacement dolomitization decreased 

porosity during early burial. During later burial, the po rosit y in dolostone reservoirs 

appears to have been retained, while it has been progressively decreased in the 

limestones. This is probably because dolomites are more resistant to chemical 

compaction than limestones. 

ORIGIN OF SECONDARY POROSITY 

Two important questions in carbonate reservoir studies concern: 1) the 

extent to which porosity of a carbonate unit is affected by its residence time in the 

burial environment; and 2) the nature and types of pore fluids causing carb",nate 

dissolution. It is critical, from an economic standpoint, to determine the diagenetic 

environments in which porosity originated. This, combined with a better knowledge 

of the dissolution processes involved, wou Id improve our understanding of the 

origin and distribution of secondary porosity in Leduc dolostones. The occurrence 

of several phases of dissolution makes it difficult to resolve the ongins of porosity 

and to determine which dissolution process affected a particular pore system. 

Later processes can partially or completely obliterate evidence of earlier events. 

This section attempts to constrain the environment of po rosit y formation (near­

surface v.s. burial) in the Leduc dolostones based on the spatial relationships 

between porosity and diagenetic phases including stylolites, later-stage cements, 

and fractures. This is followed by a discussion on potential processes that may 

have generated sufficient acidic fluids to account for some of the secondary 

porosity observed in these Leduc reservoirs. 

Environment and timing of porosity generation 

ln Golden Spike limestones, minor molds, sm ail vugs, and fenestrai pores 

are related to paleoexposure horizons and likely originated from early solution 

during subaerial exposure (Walls, 1977; Walls and Burrowes, 1985). Since the 
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Leduc buildups along the Rimbey-Meadowbrook reef trend had a similar 

depositional history, early dissolution during subaerial exposure probably also took 

place in the southern part of the Rimbey-Meadowbrook reef trend, forming minor 

amounts of moldic, vuggy, and fenestrai porosity (Fig. 22). 

At least three later phases of dissolution followed near surface dissolution 

(Fig. 16). In partially dolomitized intervals, dolomite preferentially replaced the 

matrix, leaving calcite remnants (Marquez, pers. comm., 1993; Amthoret aL, 1993) 

that were dissolved during and/or after replacement dolomitization forming vuggy 

and moldic po rosit y (Dissolution 1 in Fig. 16). Because of the inferred environment 

and timing of replacement dolomitization (see Chapter 2), these vugs originated 

below depths of 500 m, sometime during or after the Late Devonian (Fig. 23). 

Fracturing and dissolution stage Il postdates replacement dolomitization, and 

predates dolomite cementation and thus must have occurred in the burial 

environment below depths of 500 m. Fracturing and dissolution stage Il was partly 

responsible for brecciation of replacement dolomites that formed clasts of 

replacement dolomite rimmed by dolomite cement (Plates 10a to 1 Oc). The 

presence of corroded crystals of replacive Dolomite-R2 along a pore transected by 

a stylolite (Plates 1 Di and 10j) suggests that dissolution Il increased the existing 

vuggy porosity and overlapped and/or postdated stylolitization, further supporting 

a deeper bu rial origin. 

Fracturing and dissolution stage III postdates dolomite cement in the 

brecciated intervals and late-stage fractures (Fig. 16; Plates 10c, 10e, and 10f). 

Fluid inclusion data from these dolomite cements indicate precipitation 

temperatures ranging between 98 and 142°C (Chapter 2) suggesting that fracturing 

and dissolution stage III originated ln a deeper burial setting during the Cretaceous, 

assuming a normal geothermal gradient, or earlier if the hot fluids involved were 

derived from a hydrothermal source (Fig. 23) . 
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Figure 22. Schematic diagram iIIustrating four possible origins of vuggy and 
moldic porosity: 1) dissolution of calcite allochems prior to replacement 
dolomitization in the near surface environment; 2) solution of calcite allochems 
during replacement dolomitization in the shallow bu rial environment; 3) dissolution 
of calcite remnants following replacement dolomitization in the shallow to 
intermediate burial environment; and 4) dissolution of replacement dolomites and 
dolomite cements following replacement dolomitization and dolomite cementation 
in the shallow to deep bu rial environment. Ali four processes occurred in the 
Leduc dolostones (see text for explanations). 
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Figure 23. Inferred timing of dissolution and fracturing phases 1 ta IV with respect 
to the main diagenetic events and the burial history of the Leduc Homeglen­
Rimbey and Garrington buildups. 

• 

• 



• 

• 

Dissolution 1 pre­
replacement dolomitization 

Burial Plot 

Cret. Ter. 
-4~~------~~--~----~------~----+-O 

1000 

- /'" 0 Dissolution Il syn- aJ -- replacement dolomitization c: 
Q) 2000 ::1. ... e!. 
~ Dissolution III post- a. ... 

~ Q) 
dolomite cementation a. 

3000 .:! E (related to acidic fluids?) Q) 3 .... -
Dissolution IV 
(TSR related ?) 4000 

170 

190 5000 

400 300 200 100 0 

Age (rn.y.) 

90 



• 

• 

Fluids causing dissolution 

The generation of acidic fluids is an important factor in controlling dissoiution 

and secondary porosity development in carbonates (Mazzullo and Harris, 1992). 

Several processes may have provided acidic fluids in the burial environment in 

Leduc buildups. Mixing of two solutions that are both in equilibrium with respect 

tn carbonate minerais but have different pC02, temperatures, salinity, degree of 

calcite saturation, and/or pH may result in undersaturation with respect to 

CaMg(C03)2' leading to carbonate dissolution (mixing corrosion). For example, the 

presence of microstalactitic cements in Golden Spike suggests that mixing of 

vadose and phreatic waters may have been responsible for near surface 

dissolution in the Leduc Formation (Walls and Burrowes, 1990). Hutcheon 

suggested that in the western Canada foreland basin, small fractions of relatively 

low-salinity waters from Mesozoic rocks may have been added to greater 

proportions of the saline water from Palaeozoic rocks. The resulting mixture would 

become undersaturated with respect to dolomite and calcite and favours burial 

dissolution of carbonates in the subsurface. Based on the geochemistry of the oils, 

Devonian formations (including the Leduc) along the Rimbey-Meadowbrook reef 

trend have been sealed from overlying strata (Creaney and Allan, 1992). This 

sealing effect does not favour mixing corrosion as outlined by Hutcheon (1992), 

and thus carbonate dissolution in the Leduc dolomites probably resulted from other 

processes. 

Burial dissolution of carbonate st rata by reaction with meteoric fluids 

charged with carbonic and organic acids probably did not affect the Leduc 

reservoirs significantly since there is no texturai and geochemical evidence to 

support extensive meteoric recharge in the Leduc dolostones, although they were 

probably exposed briefly from time to time. During burial at temperatures between 

90 and 150°C (Mazzullo and Harris, 1992), the release of hydrogen ions during 

silicate hydrolysis of clay minerais lowers the pH of the formation waters and may 

induce dissolution. These acidic fluids would likely have been neutralized in situ, 

at least partially, because the Ireton and Duvernay shales surrounding the Leduc 
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buildups are carbonate rich. However, sorne of these fluids may have been 

funnelled updip along the Rimbey-Meadowbrook reef trend and potentially caused 

carbonate dissolution. 

Maturation of organic matter produces CO2 , H2S, and kerogen that may 

combine with water to generate carbonic, sulfuric, and organic acids respectively. 

Acidic fluids produced in these ways may also have contributed to creating porosity 

in the Leduc Formation. Fluid inclusions with high homogenization temperatures 

(up to 142°C) indicate that hydrothermal fluids precipitated the Leduc dolomite 

cements (Chapter 2). As these hot fluids rise and cool, the temperature of the 

system decreases thereby increasing the saturation lev€! of dissolved carbonates 

and causing dissolution (Qing, 1991). 

Evidence for thermochemical sulphate reduction (TSR) was presented in 

Chapter 2, including high levels of H2S (30 and 90% in the Caroline and Bearberry 

fields respectively), and the common occurrence in the deepest part of the trend 

(below present burial depth of 3000 m) of late-stage blocky calcite cement with 

light carbon isotopie composition (-17.9 to -6.53 %oPOB), sulphides, and sulphur. 

These minerais of presumed TSR origin become less abundant northward with 

decreasing burial depths (Chapter 2), which correlates with the general decrease 

northward in brecciation and H2S(Fig. 15). During hydrocarbon maturation (Late 

Cretaceous) organic and carbonic acids would have been generated by the thermal 

cracking and oxidation of hydrocarbons, or when TSR acids would have been 

released during sulphide formation (Machel, 1987 a,b). Both organic maturation 

and TSR may have created and enhanced secondary porosity, and locally in sorne 

areas cou Id have caused considerable solution and brecciation in the southern part 

of the Rimbey-Meadowbrook reef trend. However, this ide a needs to be tested by 

more detailed regional mapping of late brecciation, since similar dolomite breccias 

have been reported updip in the Westerose, Bonnie-Glen, and Leduc buildups 

(Amthor et aL, 1993). Thus, sorne breccias may have formed prior to the 

generation of acidic solutions by TSR reactions, possibly as a result of dissolution 

by organic acids . 
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ln addition to dissolution, TSR reactions may have been responsible for 

precipitating late-stage cements such as anhydrite, dolomite, and calcite. However, 

whether TSR related reactions overall created, or both created and destroyed 

porosity is uncertain. Attempts to mass balance these reactions suggest that TSR 

processes do not appear to produce an ove rail major change in po rosit y (Machel, 

pers. comm., 1992). However, these reactions are capable of both dissolving 

carbonates and precipitating reaction products and, thus, locally creating 

considerable porosity in places, but also decreasing po rosit y by precipitating 

cements, su ch as extensive anhydrite, in other parts of a reservoir. Clearly more 

examples need to be studied where the lateral variations in, and amounts of, late­

stage porosity and TSR products can be assessed and mass balanced . 
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CONCLUSIONS 

This study describes in detail the reservoir characteristics of Leduc 

dolostones along the southern part of the Rimbey-Meadowbrook reef trend and 

includes a discussion of the origin of secondary porosity. The main conclusions 

are: 

1. The facies and their hemi-cyclic stacking in Leduc buildups control 

the vertical and lateral distribution of the different pore types. The 

best reservoir quality in the Homeglen-Rimbey field occurs along the 

reef margins in the stromatoporoid facies which comprises the most 

vertically continuous intervals containing high porosity and good 

permeability. In the buildup interior, the best reservoir quality is 

found in the skeletal grainstones that exhibit good intercrystalline 

po rosit y , and the highest permeability in the entire Upper Leduc 

buildup. Compared to the stromatoporoid facies of the buildup 

margins, however, skeletal grainstones comprise more complex 

reservolrs because they are thin bedded (as thin as 5 cm), laterally 

discontinuous, and alternate with frequent layers of dense shales and 

dolomudstones. 

2. Post-depositional processes extensively modified the primary porosity 

and permeability increasing the complexity of these Leduc reservoirs. 

Comparisons between undolomitized Leduc buildups and 

dolomitized equivalents along the Rimbey-Meadowbrook trend 

suggest that at the facies scale, dolomitization modified the 

distribution and types of the porosity and increased permeability. At 

the reservoir scale, porosity is better preserved in Leduc dolostones 

than in limestones probably because the dolostones are more 

resistant to chemical compaction. Cementation, particularly by 

anhydrite, and to a lesser extent by dolomite, calcite, and sulphur, 

gradually decreased the porosity especially in the deeply buried part 
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of the Rimbey-Meadowbrook reef trend at depths of more than 3000 

m. Porosity reduction by cementation was offset by at least four 

dissolution phases that overlapped with replacement dolomitization. 

This resulted in effective secondary po rosit y unrelated to depositional 

facies making it difficult to predict its occurrence and distribution. 

3. Processes causing burial dissolution that may have provlded 

sufficient acidic fluids at different times include mixlng corrosion, 

maturation of organic matter, and thermochemical sulphate reduction. 

The amount of porosity and cements created by these processes is 

difficult to quantify . 
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GENERAL CONCLUSIONS 

The Upper Devonian Leduc Formation along the southern part of the 

Rimbey-Meadowbrook reef trend has undergone diagenetic alteration in submanne, 

subaerial, and subsurface environments. Isopachous and tlbrous submanne 

cements are best observed in Leduc limestone buildups, and are still recogmzable 

along the southern part of the Rimbey-Meadowbrook reet trend despite 

dolomitization. Subsurface diagenesls includes: dolomltlzation, stylolitizatlon, 

several phases of fracturing and dissolution, dolomite cementation, precipitation of 

anhydrite, quartz, calcite, bitumen, and elemental sulphur. 

Six types of dolomites are identlfied: four are replacement dolomites, and 

two are dolomite cements. Replacement dolomites postdate deposltlon of the 

ove, iying Ireton Formation and early submanne cementation, overlap wlth 

stylolitization, and are characterized by Ù180 values of -5.27 to -3 71%oPDB that 

suggest minimum precipitation temperatures of 45°C, or paleodepths of al least 

500 m. Thus, replacement dolomitization probably took place ln a shallow bUflClI 

environment beginning in the Late Devonian or later. Strontium IsotOplC rattos of 

replacement dolomites (0.70818 to 0.70912) overlap wlth, and are somewhat 

higher than, the corresponding Devonian seawater (0.7080 to 0.7083), suggestlng 

that tt'le dolomitizing fluids were probably modified from Devontan seawater wlth 

small amounts of radiogenic strontium being added from adjacent or underlylng 

clastics, or eider carbonates. 

Replacement dolomites may also have been subjected to neomorphlsm 

affecting their isotopic composition. Neomorphism appears to have taken place 

locally near fractures, pores, and stylolites as indlcated by: 1) fine crystals of 

replacement dolomites (30 to 60 ~m) that are occaslonally distnbuted mterstltlal to 

and within coarser dolomite crystals (60 to 250 Jlm); 2) the occurrence of coarser 

replacement dolomite crystals near fractures, stylohtes, and pores that display 

irregular sometimes nonplanar crystal boundanes wlth undulose extinction; 3) the 

presence of bright and dull luminescent bands of replacement dolomites along 

fractures; and 4) dolomite crystals that selectively replace the cloudy cores of 

97 



• 

• 

Dolomite-R2 crystals. However, based on the scarcity of these neomorphic 

textures, recrystalhzation of the replacement dolomites or an earlier precursor 

dolomite appears to have been insignificant. 

There are two types of dolomite cements; C 1: coarse-crystalline planar-e(s), 

and C2: very coarse-crystalline nonplanar. Dolomite-C 1 postdates replacement 

dolomltlzation, and precipitated near and along stylolites. Ô180 values (-7.05 to -

3.96%oPDB), and fluid inclusion data indicate that Dolomite-C1 precipitated out of 

hydrothermal brines under intermediate to deep burial depths. Dolomite-C2 

postdates Dolomite-C1 and is comparatively depleted in 180, reflecting the different 

composition and temperature of the fluids responsible for Dolomite-C2 cementation. 

The presence of blocky calcite cement with light Ô13C values, anhydrite 

cement, free sulphur, sulphides, anhydrite, and the high mole percent H2S (30 to 

90 mol%) in the deeply buried reservoirs are supportive of TSR reactions. The 

amount of TSR related cements and the mole percent of H2S decrease northward 

along the Rimbey-Meadowbrook reef trend suggesting that TSR was most 

prevalent in the deepest part of the reef trend, below burial depths of about 3000 

m. 

Depositional environment, dolomitization, and later diagenesis are major 

factors controlling the reservoir character and quality. The distribution of porous 

and permeable zones in the Homeglen-Rimbey dolostone reservoirs is variable and 

heterogeneous and is controlled both by the depositional facies and the later 

diagenesis. The reef margins are comprised mostly of thick beds (5 to 20 m thick) 

of stromatoporoid facies dominated by vuggy pores. These intervals comprise the 

best reservoir because they are the most vertically continuous, and are 

characterized by high average porosity and permeability. Skeletal grainstones in 

the buildup interior have good reservoir quality with intercrystalline pores having the 

highest average permeabilities of ail the facies and good porosity. Compared to 

the stromatoporoid facies, skeletal grainstones comprise more complex reservoirs 

because they are th in bedded (5 to 50 cm), laterally discontinuous, and alternate 

with dense shales and dolomudstones . 

98 



• 

• 

The reservoir quality is controlled by diagenesis, in particular, cementation, 

dissolution, and dolomitization. In decreasing importance, anhydrite, dolomite, 

calcite, and native sulphur late-stage cements gradually reduced the po rosit y , and 

are most extensive south of the Medicine River field below present burial depths 

of about 3000 m. Cementation was offset to some extent by three main phases 

of burial dissolution that took place during and after ciolomitization, stylolitization 

and later-stage cements. These late dissolution events originated in the burial 

environment and were generated by acidic fluids that may have been produced 

by mixing corrosion, maturation of organic matter, and vanous TSR reactions. 

The effect of dolomitization on po rosit y evolution is complex. Based on 

comparison with Leduc limestone buildups (Golden Spike), dolomitlzation modified 

the type and distribution of the pores, and increased the permeability. At the 

reservoir scale, dolomitization probably decreased po rosit y initially, but later during 

progressive burial, the porosity was largely retained in dolomites because they are 

less affected by chemical compaction than limestones. 

FUTURE RESEARCH 

This dissertation provides the background for several future research 

projects. Preliminary work on fluid inclusions suggests that it is possible to obtain 

measurements from primary or pseudo-primary fluid inclusions in replacement 

dolomites. More work in this area would further constrain the ongin of the 

replacement dolomites. The geochemical and microthermometric data could be 

plotted vertically and laterally along the Rimbey-Meadowbrook reef trend, which 

combined with more extensive geochemical modelling would potentially elucidate 

the extent to which neomorphism has affected the Leduc dolomites, and the 

pathways of the dolomitizing fluids. 

Regional facies and porosity correlations updip and downdip of the 

Homeglen-Rimbey field would improve our understanding of the character of these 

dolomitized reservoirs, and would indicate whether the reservoi r properties 

established for the Homeglen-Rimbey field are representative of the Leduc 
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dolomites along the Rimbey-Meadowbrook reef trend. The primary obstacle in 

correlating the facies and reservoir character, however, is the difficulty of 

recognizing primary facies in partially to completely dolomitised strata. A more 

detailed study of the pore geometry using SEM microscopy, particularly 

determining sorting and skewness, spatial arrangement, and orientation of the pore 

size and pore throats, and roughness of pore walls, would improve our knowledge 

of the reservoir character of each facies/pore system in the se dolomites . 
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APPENDIX 1 

MICROTHERMOMETRIC DATA FOR FLUID PRIMARY INCLUSIONS IN 
DOLOMITES FROM THE LEDUC FORMATION, SOUTHERN RIMBEY­

MEADOWBROOK REEF TREND, CENTRAL ALBERTA 

~-------~--- ---

110 



• 

• 

Appendix 1. Microthermometric data for fluid inclusions in Doll)ll\ite~; 
from the Upper Leduc Formation along the southern part of the Rimbey­
Meadowbrook reef trend. The majority of the fluid inclusions t>t"uciit:--.d 
are liquid primary inclusions wi thin Dolomite-C land where indicated 
may l::Je possibly from Dolomi te-R2 . Weight percent NaCl values arC' 
calculated according to the equations in Oakes et al. (1990). 

Well 
(Depth) 

Chip 
# 

08-30-38-04W5 1,1 

(3159.4 m) 

Mean 

1l-03-42-02W5 

(2390.2 m) 

Mean 

1,2 

1,3 

1,4 

2,1 

2,4 

2,5A 

2,6 

2,7 

2,8 

2,9 

2,11 
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1,2 

1,3 

2,1 

2.la 

2,2 

2,2a 

2,3 

2,4 

2,5 

HOST Tf Te 

Dol-Cl -69 

Dol-Cl -69 

Dol-Cl -69 

Dol-Cl -69 

Dol-Cl -70 

Dol-Cl -69 

Dol-Cl -68 

Dol-Cl -73 

Dol-Cl -66 

Dol-Cl 

Dol-Cl 

Dol-Cl -56 

-67.8 

Dol-Cl -69.6 

Dol-Cl -69.2 

Dol-Cl -69.4 

Dol-Cl 

Dol-Cl 

Dol-Cl 

Dol-Cl -66 

Dol-Cl -66 

Dol-Cl -68 

Dol-Cl -68.5 

Dol-Cl -68.3 

-65.9 

-43 

TmTeE Th 
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-17.1 l no 
-16.9 

-17.3 107 

-17.3 l 16 

107 

-16. R 1 0':1 

-17. R 1 1 R 
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1 1 <J 

-16. R 

-17.1 110 

-lR.2 1 110 

1112 

-lR . ] 12.1 

1 10 

12', 

1/. \ 

17.9 ll~ 

11 'J 

-17.'1 ]]/. 

-1 R . -~ 120 

-17.6 1](, 

-17.9 -122 

~'.1l' i ~lh 1 
'l, N<ll'l 

l'l,b 

Il) ,', 

l'l 1 

l ') , 1 

Il) ,~ 

.W,I 

l'l " 

l'), tl 
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.~ (J. \ 

/. () tl 
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l'), 'J 

/. 0 ~ 

l 'J, ~ 
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vieIl Chip HOST Tf Te TmICE Th Weight 

• (Depth) # % NaCl 

03 - 2 9 - 4 3 - 0 Iltl"J 1.1 Dol-Cl -61 -14.7 123 17.9 

(23Rl.O m) 1.2 Dol-Cl -66 ·15.4 129 18.4 

1.2a Dol-Cl -65 -15 126 18.2 

1.3 Dol-Cl -64 -15.2 129 18.3 

1.4 

1.5 Dol-Cl -62 -14.9 114 18.1 

1.6 Dol-Cl -66 -14.7 140 17.9 

1.7 Dol-Cl -62 119 

Mean -6f -15.0 126 18.1 

03-29-43-01W5 2.1 Dol-R2 -69 -17 122 19.5 
or -Cl 

23Rl.O m 2.2 Dol-R2 
or -Cl 

2.3 Dol-R2 -70 -17.4 115 19.8 
or -Cl 

2.4 Dol-R2 -70 -17 .3 117 19.7 
or -Cl 

2.5 Dol-R2 
or -Cl 

2.6 Dol-R2 -68 -17.2 100 19.7 
or -Cl 

2.6A Dol-R2 -69.2 -17 105 19.5 
or -Cl 

2.7 Dol-R2 -71 -17.4 118 19.8 

M.an -69 -17.2 113 19.7 
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Appendix 2. Calculations of paleotemperature of replacement dolomite 
precipitation, assuming temperature of Devonian seawater= 25°C, 
31kO,.,j, ",,= -3g-oPDB, and isotopie equilibriurn between calcite and sea 
water. 

Equations (1), (2), and (3) are used to el:;timate the oxygen isotopie 
composition of sea water (eSO/ 160) •• ur). 

(1) 101 Ina.= 2.78 X 10 6 (T)-2(OK) - 2.89 for calcite (Friedman and 
O'Neil, 1977) 

+ 1000 

+1000 

Combining equations (1) and (3): 

<-Upper Devonian fossils and 
submarine cements wi th ~)180 values 
of -3.0 §-oPDB. 

<-solve 

31HOcalClte = -3. O§-oPDB = 27. 8§-oSMOW using: 

ÔlROCllllct == 27.8 - 28.4 _ -O. 6%"oSMOW 

Use the (lHO/ 160) tluin estimated above, the measured eBO/ 160) dolomite and 
solve for T with equations (5) and (6). 

(5) 10 3 Ina.= 2.78 X 106 (T)-2(OK) + 0.91 (Land, 1985) 

+ 1000 
+ 1000 

Combine equations (5) and (6): 

T = [2. 78 x 1 0 (, / ( ( 1 031 na ) - O. 91) ] 1/2 

<-measured 
<-estimated from equ'n (1), 
(2), and (3) 
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For o180dolom1te= -3.712-oPDB, T= 52°C . 

Same problems &s8ociated with th!s method 

1. One important assumption in this approach is that the temperatun> 
of Devonian sea water was 25 IlC. However, the presence of Devonian 
black shale in the "shallow" Alberta basin suggests anoxie condi tian 
and deposition in stratified waters. Therefore the waters in the 
basin may have been warmer and temperatures may have been as WeUIn 

as 30 to 35°C. Using 35°C as opposed to 25 <lC affects signlficantty 
the paleotemperature and paleodepth estimations. 

2. The oxygen isotopie signature of Devonian brachiopods ill1d 

submarine cements may have been subjected to postdepositional 
alteration which obscures or obliterates the original isotopie 
record (see Hudson and Anderson 1989 for criteria used to recognise 
unaltered material) . 

3. Dickson (1991) documented sector zoned calci te wi th Ô1HO di [fcn ng 
by up to -Uo from one zone to another. This data suggest that 
calcite may not necessarily precipitate in isotopie equilibrium with 
sea water. The differences in oxygen isotopie composition [rom one 
zone to another (as documented sa far) are not large el10ugh to 
affect significantly our interpretations. However it is an 
important effeet to keep in mind sinee one assumption of thlS mc!thod 
is that calcite is in isotopie equilibrium with sea water . 
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