CONTENTS

e N 4 PSS Vii
CHAPTER 1. THE NATURE OF THE CARBONATE DEPOSITIONAL SYSTEM............ 1
THE BASIC NATURE OF CARBONATE SEDIMENTS AND SEDIMENTATION...... 1
oA oo 1V T § o o PRSPPSO 1
Origin of carbonate SEdIMENTS.......ccoviiiiiiiiiiee e
The reef: a unique depositional eNVIrONMENT.........ccciiiiiiiiii e 3
Unique biological control over the texture and fabric of carbonate sediments.............. 4
Carbonate grain COMPOSITION.......c.uiiiiiiieie sttt sree e 5
Carbonate rock ClassSifiCatiON..........c.oiiiiiieii e 6
Efficiency of the carbonate factory and its impact on patterns of carbonate sedimenta-
Lo 3 IO UUU P URTRRPR 9
Carbonate platform types and facies models.......ccoiiiini e, 12
SUMMARY ottt ettt e ettt e s ae e be e s teaseeebeente e teaseeaseesse e beenseaneenreenreenes 16

CHAPTER 2. CONCEPTS OF SEQUENCE STRATIGRAPHY AS APPLIED TO CARBON-

ATE DEPOSITIONAL SYSTEMS ...ttt ne e 19
INTRODUGCTION . ..ottt sttt et e st e s se e steeaeeneeaneesteeseeneeaneenneens 19
SEQUENCE STRATIGRAPHY ettt sttt 19

Eustasy, tectonics and sedimentation: the basic accommodation model....................... 19
Hierarchy of StratigraphiC CYCIeS ... 25
Introduction to Carbonate Sequence Stratigraphic Models........c.ccoovviiiiiiniiiicien, 25
The Ramp Sequence Stratigraphic Model........ccooooiiiiiiiic e 25
The Rimmed Shelf Sequence Stratigraphic Model.........ccccooveiiiiiiii e, 27
The Escarpment Margin Sequence Stratigraphic Model.........ccccoooeiiiiiiiic e, 28
Sequence Stratigraphic Model of Isolated Platforms.........cccooeeiieiiic e 29
High-Frequency Cyclicity on Carbonate Platforms: Carbonate Parasequences........ 32
THE CONSEQUENCES OF THE HIGH-CHEMICAL REACTIVITY OF CARBONATE
SEDIMENTS AND ROCKS DURING EXPOSURE AT SEQUENCE BOUNDARIES.....33
Carbonate minerals and their relative stability.........ccccooiiiiiiicii i, 33
Controls over the mineralogy of carbonate sediments, today and in the past............. 34
Mineralogy of ancient limestones: the concept of early progressive mineral stabiliza-
tion and POroSItY BVOIULION ...t 35
SUMMARY ittt ettt b e e bt et s b e e bt e e be e ekt e st e e b e e e b e e et e e beenbesreenbeenbeenee 36

CHAPTER 3. THE CLASSIFICATION OF CARBONATE POROSITY oo 37
INTRODUGCTION . ...ttt te et e et e s te e steeaeeseeareesteesseeneesneenneens 37
THE NATURE AND CLASSIFICATION OF CARBONATE POROSITY ..ccccvvvveienen, 37

Choquette and Pray porosity clasSifiCation........ccoccvviiiiiiiiiiee s 39

iX



X CONTENTS

The Lucia rock fabric/petrophysical carbonate porosity classification......................... 43
THE NATURE OF PRIMARY POROSITY IN MODERN SEDIMENTS........cccovenne. 48
INEEIQIAIN POTOSITY cuviiiieiiii ettt e e e sre e e te e sneeeseesneeenees 48
INEFAQGIAIN POTOSITY cuviiiiiiieiiiie ettt bbb sre et sreeenes 49
Depositional porosity of mud-bearing SEdimentS........cccoviiiiirniiie i 49
Framework and fenestral POroSItY ......ccoviiiiiii e 50
SECONDARY POROSITY ittt sttt s sba e anaesneenneeneenes 52
F N (oo [ [ox 1 [0 o FU USSR 52
Secondary porosity formation by diSSOIUtION.........cccoceiiiiiie i, 52
Secondary porosity associated with dolomitization...........cccovveiiiece i, 55
Secondary porosity associated With DFeCCIaS.........civeiiiei e 58
Secondary porosity associated With fraCtures........ccceeivvi e 59
SUMMARY Lottt ettt e st e st e e be e be e s be e Rt e e EeenbeeneeaseesReenbeeteaneeareenreens 59

CHAPTER 4. DIAGENETIC ENVIRONMENTS OF POROSITY MODIFICATION AND
TOOLS FOR THEIR RECOGNITION IN THE GEOLOGIC RECORD61

LI I L@ 10 1 I 1 N S R 61
MarinNg ENVITONMENT. ... s e et e e e e st e e e tr e e s ae e e snreeeneee e 62
IMELEOTIC BNVIFONMENT. ...ttt ettt b e e sneenees 63
SUDSUITACE BNVITONMENT. ...t 63
Petrography-cement Mmorphology ..o 65
Petrography-cement diStribution PatternS........ccccccvviiieiie i 68
Petrography-grain-cement relationships relative to compaction............cccccceeveeviveeenee. 70
Trace element geochemistry of calcite cements and dolomites.........cccccceevvevieecieennnnn, 71
StADIE 1S OTOPES . .. ettt re s 78
Y (0] 1[0 IS0 0] =TSRRI 84
FIUTA INCIUSTONS. ..ottt sre e e 88

CHAPTER 5. NORMAL MARINE DIAGENETIC ENVIRONMENTS.......c.ccoeivvieiieinn 93

INTRODUGCTION. ...ttt sttt te et te et e s e sre e teesaeaneesreesreanseaneenneens 93

SHALLOW WATER, NORMAL MARINE DIAGENETIC ENVIRONMENTS............. 95
Abiotic shallow marine carbonate cementation..........cccocevveeni i 95
Recognition of ancient shallow marine abiotic cements..........ccccooveiiiiiiiic e, 98
Biologically mediated marine carbonate cementation and diagenesis.........c..cceeu...... 101
Diagenetic setting in the intertidal ZONe.......cccove e 102
Modem shallow water submarine hardgrounds.........cccooceiiieiiiiiene e 104
Recognition and significance of ancient hardgrounds...........cccccecoeeieeiie e cie s, 106
Diagenetic setting in the modem reef environment..........ccccoevevenenee. e 106
Recognition of reef-related marine diagenesis in the ancient record.........ccc.ccevuvnee. 110

Early marine lithification of the Permian Capitan reef complex New Mexico, USA 113



CONTENTS Xi

Porosity evolution of the Golden Lane of Mexico and the Stuart City of Texas....... 115

Porosity evolution of Devonian reefs: Western Canadian Sedimentary Basin......... 123
SLOPE TO DEEP MARINE DIAGENETIC ENVIRONMENTS......cooiiiiiiiieie e 128
Introduction to diagenesis in the slope to deep marine environment........................ 128
Carbonate diagenesis associated with ramp to slope mud mounds...........cccceevrenne 128
Carbonate diagenesis of mounds near hydrothermal and hydrocarbon vents.......... 133
Carbonate diagenesis associated with escarpment shelf margins: Enewetak Atoll.. 136
Carbonate diagenesis of steep escarpment shelf margins: Bahama Platform.......... 139
SUMMARY ettt bbbt ek e e bt et e ea e e s be e bt et neenre et 143
CHAPTER 6. EVAPORATIVE MARINE DIAGENETIC ENVIRONMENTS................. 145
INTRODUGCTION. ..ot ctet ettt te et e st e steenteaseesneesaaesreeneeaneenreens 145
Introduction to diagenesis in evaporative marine environments..........ccceeevveevveeennen, 145
THE MARGINAL MARINE SABKHA DIAGENETIC ENVIRONMENT................. 148
Modem marginal maring SabKNAS..........cccoovviiii i 148
Diagenetic patterns associated with ancient marginal marine sabkhas..................... 151

Ordovician Red River marginal marine sabkha reservoirs, Williston Basin, USA... 153
Mississippian Mission Canyon marine sabkha reservoirs, Williston Basin, USA .... 154
Ordovician Ellenburger marine sabkha-related dolomite reservoirs, west Texas, USA

158
Criteria for the recognition of ancient marginal marine sabkha dolomites.............. 161
MARGINAL MARINE EVAPORATIVE LAGOONS REFLUX DOLOMITIZATION 162
The marginal marine evaporative lagoon as a diagenetic environment................... 162
Permian Guadalupian west Texas, USA: an ancient evaporative lagoon complex ... 164
Permian reservoirs of the South Cowden Field, Texas: reflux dolomitization......... 166
Jurassic Smackover dolomitization, Texas, USA: areflux dolomitization event.... 170
Criteria for the recognition of ancient reflux dolomites.........ccccooeiviieiiiiiiie e, 174
Regional evaporite basins, coastal salinas, their setting and diagenetic environment 175
The MacLeod Salt DaSIN.........coiiii e 175
The ElIk Point Basin 0f Canada..........ccccouveiiiiiiiii e 177
MicChigan Basin, USA ...ttt st re et e rae e teennne s 178
Jurassic Hith Evaporite and the Arab Formation, Middle East..........cccccoeeviieennnnn. 179
18 1YY N 2 O SR SPRURRS 182
CHAPTER 7. DIAGENESIS IN THE METEORIC ENVIRONMENT ......ccoeiviieiieien, 185
INTRODUGCTION . ...ttt sttt te e esteesaeesaesneesnaestaenseaneesreensens 185
GEOCHEMICAL AND MINERALOGICAL CONSIDERATIONS.......cccoovviiieiene 185
Geochemistry of meteoric pore fluids and precipitates.........ccoveviiininnienenic e, 185
Isotopic composition of meteoric waters and meteoric carbonate precipitates........ 188

Mineralogie drive of diagenesis within the meteoric environment..........ccccccceevenee. 190



CONTENTS

Implications of kinetics of the CaC03-H20-C02 system in meteoric environments 190

(O 114 g VA Tol =Y i =T 0] £ TSRS 192
Hydrologic setting of the meteoric diagenetic environment...........cccoeeveviveiieeveennnnn, 194
THE VADOSE DIAGENETIC ENVIRONMENT ...cooiiiiiiieccreeeee e 197
N Ao To LU o3 {0} o FO PSSRSO 197
Upper vadose SOil or CAlIChe ZONE......covi i 197
o) =T Y7 (o (o =R 4 o 1 -SSRSO 199
Porosity development in the vadose diagenetic environment.........ccccceevveeiiieecneee, 199
THE METEORIC PHREATIC DIAGENETIC ENVIRONMENT ....cccocviiivierieie e 200
INEFOTUCTION ...ttt et e et sb e e beebeeneenreas 200
Immature hydrologic phase: island-based and land-tied floating meteoric water lenses
developed in mineralogically immature SedimentsS.......cccoocevvveiiiiiiecie e 200
Bermuda, a case study of an island with a permanent floating fresh water lens....... 202
Meteoric diagenesis in Quintana Roo, Mexico strandplains.........ccccceeviiviiieeiieennnnnn, 205
The Oaks Field, meteoric diagenesis in a Jurassic shoreline, Louisiana, USA.......... 206

The mature hydrologic phase: regional meteoric water systems in sea level lowstands.
209

Mature hydrologic system: regional system in a sea level lowstand: Bahama Bank 209
Mature hydrologic system: regional gravity-driven system developed during relative

sea level lowstand on a land-tied carbonate shelf.........c.cocoiiiiiniiiiii 213
Porosity development and predictability in regional meteoric aquifer environments 215
Geochemical trends characteristic of a regional meteoric aquifer system................ 217
Mississippian grainstones of southwestern New Mexico, USA: a case history of
porosity destruction in a regional meteoric aquifer SyStem.......cccccevvveviieiiieveeveecnnnn, 219
KARST PROCESSES, PRODUCTS AND RELATED POROSITY ..o, 222
N 8 oo LU T § o o SRR STR 222
Solution, cementation, and porosity evolution in a mature karst system.................. 225

Yates Field, Texas, USA: case history of an unconformity-related karsted reservoir 225
DOLOMITIZATION ASSOCIATED WITH METEORIC AND MIXED METEORIC-

MARINE WATERS................ 232
INEFOTUCTION ...ttt bbbt be et nneas 232
Meteoric-marine mixing, or Dorag model of dolomitization.........ccccceecevvieiieeveninnenn, 232
Concerns about the validity of the mixing model of dolomitization.................c.......... 233
Modem mixing zone dolomMiItiZatioN.......cccueiiieiie i 234
Pleistocene to Miocene mixing zone dolomitization...........cccovvviiieiiie e 237
Mississippian North Bridgeport Field, Illinois Basin, USA: mixed water dolomite
ST VA0 1 €TSS 238
Where do we stand on mixing zone dolomitization today?.........cccccoevvevieiiieviesieeninns 242

SUMM ARY et 243



CHAPTER 8. SUMMARY OF EARLY DIAGENESIS AND POROSITY MODIFICATION
OF CARBONATE RESERVOIRS IN A SEQUENCE STRATIGRAPHIC AND CLIMATIC

R AN Y VAT A 1 < 245
INTRODUGCTION .ttt e et e e e e s e e bt e e e e s e s bbb e e e e e s s sbbbaeeeesssbbransseessnnres 245
RESERVOIR DIAGENESIS AND POROSITY EVOLUTION DURING 3RD ORDER
SEA LEVEL LOWSTANDS (L ST ) ittt ettt 246

AR A oY 1V o A o 1 o R 246

Diagenesis/porosity model of a carbonate ramp during sea level lowstand (LST)... 246
Diagenesis/porosity model of a steep-rimmed carbonate shelf during sea level

lowstand (LST) 249
Diagenesis/porosity model of a rimmed isolated carbonate platform during sea level
Lo ATV =Y o S T I PSSR 251
RESERVOIR DIAGENESIS AND POROSITY EVOLUTION DURING 3RD ORDER
SEA LEVEL RISES (T ST )ittt sie sttt sttt sttt sttt sneesneesneenseenes 253
INEFOAUCTION 1ottt e st e e be e st e reesbe e beebeaneesreenreas 253
Diagenesis/porositymodel for a ramp in arising sea level (TST).ccccoooviiviviviiievieennn. 253
Diagenesis/porosity model for a rimmed shelf during a rising sea level (TST)........ 255
Diagenesis/porosity model of a rimmed isolated carbonate platform during sea level
I IS 2L TSP TSPP 257
RESERVOIR DIAGENESIS AND POROSITY EVOLUTION DURING 3RD ORDER
SEA LEVEL HIGHSTANDS (HST) ittt 259
g R oo 1 Tox 4 T ] PSSP 259
Diagenesis/porosity model for a ramp during a sea level highstand(HST)............... 259

Diagenesis/porosity model for a rimmed shelf during a sea level highstand (HST). 263
Diagenesis/porosity model for an isolated carbonate platform during a sea level

NIGNSTANT (H ST ) ettt 265
DIAGENESIS AND POROSITY AT THE PARASEQUENCE SCALE......cccooevveienen, 265
TN EFOTUCTION ottt sttt et e b e e be e st e sreenbe et e 265
Cumulative diagenesis associated with parasequence stacking patterns in a 3rd order
10 [T o] TP PP PP OPPPPUTPPRTTIS 266
DIAGENESIS AND POROSITY AT THE SUPERSEQUENCE (2ND ORDER) SCALE:
SEQUENCE STACKING PATTERNS ...ttt 268
I EFOTUCTION ottt st e et e e s e b e e nb e e beenbesneenbeete e 268
Progradational sequence set and diageNeSIS.....cciiiiiieiiieeiiee e cee e 268
Aggradational sequence Set dIAgENESIS....cii i 269
Retrogradational sequence set and diageNESIS.....ccciveiieiiieiie i 269
DIAGENESIS AND POROSITY AT THE 1ST ORDER SCALE: ICEHOUSE VERSUS
GREENHOUSE ... e bbbttt nre e 270

I O AU G O N et e e e e e e e et e e e e e e e e e e e e e e e e e e e e e e eeeeeeeentaeeaaaaeees 270



Long-term temporal changes in carbonate mineralogy: impact on diagenesis and

POTOSITY BV OIULION oiiiiii et e e e e e e e st e e e s neeeenneeeanes 271
The architecture of sedimentary sequences and their diagenesis/porosity evolution as a
function of long-term climatic cycles (icehouse versus greenhouse)........ccccceeveevnennne, 272
CASE HISTORIES ... oottt ettt b e et s b e e be e s ba e e be e sbeeebeesaaeenbeesaee e, 274
oo U o 4 0 SRR 274

Controls over porosity evolution in Upper Paleozoic shelf limestones. Southwest
Andrews area, Central Basin Platform of the Permian Basin, USA: porosity develop-
ment as a function of subaerial exposure during an icehouse time.........ccccoceeveeviennnnn, 275
Stratigraphic controls over porosity development in an Albian ramp sequence, offshore
Angola, Africa: Porosity evolution under greenhouse conditions in a mixed

siliciclastic/carbonate/evaporite SEtHING .....cccveiiiiie e 281
SUMM ARY sttt et e e s e et e s bt e te e st e e ReeaRe et e en e e aReeeRe e Reeteeneeaneeareenneanreanes 287
CHAPTER 9. BURIAL DIAGENETIC ENVIRONMENT ..ot 291
INTRODUGCTION ittt e st e s e st e e e e neeaseesbeenbeenteeneenreenreenes 291
THE BURIAL SETTING ..ottt st sttt nteenee s e nnee s e 291
T o Yo 10 o 4 T o USSR 291
e LR UL PP T PP PP 292
T LT - UL PP PRTPRR 293
Deep burial POre FlUTAS ..o e 295
Tectonics and Dasin NYATOI0QY ..o e 295
PASSIVE MARGIN BURIAL REGIMEN ....ociiiiii e 297
Rl o To 1V Lol 1 Lo} ISP 297
Mechanical compaction and de-Watering.....ccccceiieiirii e 297
Chemical COMPACTION ......ooi et e e e e reesree e 300
Factors affecting the efficiency of chemical compaction.......ccccoceveiviiiiiiiiic e, 305
Subsurface cements in a passive margin SEttiNg.....ccccoceviiiiiieiie i 307
Petrography of burial CEMENTS ... 308
Geochemistry Of DUFIAl CEMBNTS ..o 310
Impact of late subsurface cementation on reservoir POroSity.....ccccevienieeieniinsennennn, 312
Subsurface dissolution in a passive margin SettiNg ....cccccovvrieniienin e 312
The North Sea Ekofisk Field: a case history of porosity preservation in chalks....... 313
THE ACTIVE OR COLLISION MARGIN BURIAL REGIMEN ....cccooiiiiiiiiiieee, 318
e R oo U Yok A oY o RS TRR 318
Lower Ordovician Upper Knox Dolomite of the southern Appalachians, USA ....... 318
Dolomitization in Devonian carbonates, Western Canada Sedimentary Basin, Alberta,
(G- 1 0 - o - PSSRSO 324
THE POST TECTONIC DIAGENETIC REGIMEN ..o, 329



Mississippian Madison Aquifer of the mid-continent, USA ..., 329
Post orogenic aquifer system in Paleozoic carbonates of the Greater Permian Basin 332
PREDICTING CHANGES IN POROSITY WITH DEPTH ..o 335
SUMM ARY ottt b e bt et et e e ke Ee e st e be s beebe e st e beebeebeeneeteebeaneeneenees 339

CHAPTER 10. POROSITY EVOLUTION FROM SEDIMENT TO RESERVOIR: CASE

HIST O RIES .ottt s e b ettt s e s b e b e et e e s b e s be e be et e aneenneenreenes 341
INTRODUG CTION .ttt ettt bbb s e bt e b e sbe e beenbeenee 341
THE MISSISSIPPIAN MADISON AT MADDEN FIELD WIND RIVER BASIN, WYO-
IMIING, U S A ittt sttt ettt et s e e be et e e st e e st eeRe e beesteeseeaseeabeeteaneeaneenneentenneas 341

N A oo LU T ol [0 o ST 341
(CF= o 1T L IT=] A 1 o U P PR TRPRRT 342
Stratigraphic and depositional SEttING.....cccccvviiieiiie i 343
Correlation of surface exposures into the deep subsurface at Madden...........cc......... 346
Burial history of the MadiSON ........ociiiiiiic e 350
Porosity/permeability of Madison reservoirs and outcrop dolomites.........cccecvevvennen, 350
Diagenetic history of the Madison, Wind River Basin.........cccccvvieiiiiiievie e, 351

Conclusions and lessons learned from the Madison at Madden Field, Wyoming.... 354
THE UPPER JURASSIC SMACKOVER AND RELATED FORMATIONS, CENTRAL

U.S. GULF COAST: A MATURE PETROLEUM FAIRWAY ....ooiiiiiiiicie e, 355
TR 0T LU o3 A o ] o USSR 355
(CF = gL - LT £ 1 o PSSR 356
Sequence stratigraphic and depositional framework of the Upper Jurassic................ 358
Early diagenesis and porosity modification related to depositional sequences and sea
L= PR SROPR 365
Burial diagenesis and subsurface porosity evolution, Oxfordian reservoirs, central Gulf
(0] 01V =T o] o SR SUROPS PRSP 367
Upper Jurassic exploration and production constraints and strategies, central Gulf of
1= T o o PSP 368
Conclusions and lessons learned from the Smackover of the central Gulf of Mexico
.................................................................................................................................................. 371

THE TERTIARY MALAMPAYA AND CAMAGO BUILDUPS, OFFSHORE

PALAWAN, PHILIPPINES: 3-D RESERVOIR MODELING......ccccoociiiieiieieece e 372
e R Ao o 1V Tox 4T ] I TSP RROPPPR 372
(C =T Lo T 1o Y=Y o {1 o PSR 373
Lithofacies and depositional model.......c..ccooiiiieiie e, 375
DT To T =T =Y (ol (W] Ko TSR SURPRTSS 376
Reservoir rock types as model iNnput parametersS.. ... cviiiee e 377
B I LS 0T = SRR 378

Conclusions and lessons learned from the 3-D modeling of the Tertiary Malampaya



o IOF- Yo T=To [o T o U1 Ko HU ¥ o USSR 379

EPTLOGUE ...ttt b ekt b e e e bt b e s R et b e e s ne e e b e ne e 381
INTRODUGCTION ..ottt 381
THE LE G A Y et b ettt b et e b e e b e sbe et nne e anne e 381
THE STATE OF THE AR T o 382
WHERE DO WE GO FROM HERE? ... 384

REFEREN CES ..ottt e e bttt e s he e e bt e e be e et e e ne e e neennne e 387



