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Abstract -

Heavy gravity oil occurs in the Glauconitic Sandstone of the Lower Cretaceous
Mannvile Group in the Suffieid area southeastern Alberta The Gladconitic Sandstone
ranges in thickness from zero to over 45 metres and has a pay zone averaging 20
metres thick The thickest sandstones occur in a northwest to southeast trending br oad

Varch which represents an ancient shoreline position with the sea to the east Facies
present in the sandstone include N ascending order coarsenming- upward sandstone
medium - to c.oarsef grained sandstone laminated sandstone argiliaceous sanastone
carbonaceous sandstone and shale and very fine graned sandstone siltstone and shale
These facies represent in order the lower middie shoreface mnddlq shoreface upper
shoreface-foreshore backshore marsh and lagoonal or tontinental zones of a
progradational beach system The environment i1s microtidal with the sandstone belt
including the reservoir dissected by few tidal iniets and channels

The thickness of the pay zone depends upon the amount of structural movement
on local basement faults during subsequent deposition as well as the facies distribution
Movement on basement faults may also have resulted in the continuous abnormally thick
progradational beach sequence

The Glauconitic Sandstone s a litharenite composed of quartz chert other
sedimentary rock fragments and trace amounts of feldspar kaohnite is the dominant cla,
mnerai present In all sandstones Depotassified chioritized ilite ang interstratifieo
ilhite+smectite occur in» mMinor amounts and smectite abundance varies from a trace ir the
ol saturated sandstones to 10% in some sandstones below the o1l water interface
Chlorite 1s present in trace amounts The paragenetic sequence is ' 1 first stage calcite
cementation and pyrite crystallization .2 quariz cementatior and kaohnite growtr 3
second stage calcite cementation feldspar leaching minor kaolinite ilhite crystallizatior
and still later precipitation of caicite crystals and ‘4. smectite chior te growth ang
hydrocarbon emplacement

The abundance ot detrital kaoumite present in the sandstone 1s the maim contrg or
its reservorr quality The laminated facies h.;s the best reservorr quahties nigh porosity
low clay content and good lateral continuity Authigenic phases such as kaolinite quartz

and deformed rock fragments cause only minor reductior ir porosity and permeability
y

b



The argillaceous or bioturbated facies cheracterized by irregular argilleceous zones has
poor reservoir qualities :

The main concern reiated to fiuid sensitivity 1s the dispersion of fine kaolinite
Pyrite snd Fe-chiorite are sensitive to acidization. but occur In MINor amounts An
INCrease in temperature of the reservoir during combustion may cause a reduction in

permeability as a result of formation of smectite. and the dissolution and reprecipitation

of siica
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Islay and Kerkhoff

Glauconitic Sandstone 1s not an approved geological name for a formation In
1959 Workman proposed the term Biuesky Formation be re-defined and extended from
the Peace River region to designate the sandstone previously called the Glaucomite
Sandstone He advocated an approved geological name for the Gilauconitic Sandstone
tor the following reasons 111 the unique stratigraphic position of the Glauconitic Sand (2!
its widespread occurrence (3} i1ts importance to the ol and gas industry (4 because
glauconite can not always be detected in 1t and 'S5 there are other glauconite sands n the
Blarmore: iWorkman 19591 His proposal was largely ignored by later workers who
perpetuated the terms Giauconitic Sandstone (Rudkin 1964 Herbaly 974 Glauconite
Sandstone (Conybeare 1976 and Glauconite Sand tHolmes and Rivard 976 As car be
seen there s Nno consistent titie used for thus sandstone

Since the Gilauconitic Sandstone ir the study area contains only trace amounts o
glauconite the term glauconitic 1s a misnomer However the name Glauconitic
Sandstone s recognized by the operators i» the area and various other workers in
southerr Alpberta i order tc avod confusior *he term Glaucomtic Sandstone wil he

Zortmued n this thes:s

D Previous Work

The Glauconitic Sandstone ir the Sutfield area of southeasterr Alperta was
examined briefly by Herbaly 'S74 and Holmes and Rivard 'S77 serbaly '974
described the sandstone > '0C *t thick as ar almost dune ke geveiopmen: . U by
sitt filied channels Hoimes and Rivarc 3877 studiec cores from tw.c poois = the Jenne:
flerg Twps 20 & 27 Rge & W4 ano interpreted the sandstone as a bar- @ $.anc
gepos’t representing the 1ast marine deposition of the Jpper Mannvihe sectinr “he, ais:
aescribed the petrology O* the sandstone

RHegional studies indicaté that the per:entage -+ giauconite i the (laus oMt
Sandastone decreases east of the Dth meridiar ang soutr >t Egamontor «Giaister  *959 anc

Conybeare '976: The sandstone 1s preaominantly marine i the Egmontor area and

‘Blairmore i1s the Mannvilie equivaient ir the southerr Foothilis



becomes more nonmarme towards the south The thickness ot the sandstone ranges
from an average of 6 to 9 metres to greater than 30 metres and changes markedly over
a distance of a few kilometres (Conybeare 1976 Workman 1958

individual field studies provide some under standing of the regional variation in
depositional environment The Glauconitic Sandstone in southernmost Alberta Twps
1 15 Rges 16 - 20 W4 has been interpreted as representing fioodpiain ang channel
deposits (Herbaly '974 and Brown 1976) Hérbaly 11974 also postulated channe!
deposition in the Countess field area ' Twps '8 20 Rges '© '7 Wd ir the Littie Bow
area 'Twps 14 & 15 Rge 2C W4 Hermanson et al 11982 described subtidal marine
bars iocally cut by channels in the Carbon field Twp 29 Rge 22 the Glauconitic

Sandstone has beer nterpreted as a bda' channel {(onrybeare 976

E Methods

The eight cores from the SHOP project which form the bas:s © * g study Aere
examined described in detai and sedimentar, tacies were defined Lore ogs *or eacr
weli are included i Appendi» A A total of 4z samples representing uni‘s ©* varying
ithoiogy grain size sedimentar, structures or oii saturabior aithin eac’ we! ~ere
analvzed for gran size properties ang examined i~ thir section and by s< anning eect
microscopy SEM for mineraiogy texture pore morphology anc diagenes:s & surve,
the clay minerais present in the <« & micrometre size traction of the SHOP project
sandstones was obtained from X ray diffractior analvses pertormec b, Alberla
Researcr Councr

N orde’ tc obtair a ~egiona perspective or the sedimertar, 8rv - sinmen’
represented by the Glauconit. Sardstone andg 'c OrsServe ar, - egiong ™ineraingica
variations cores trom atota ~*t T 7 aells surrounding the Dot s'te were aisc exarmined
Untortunately many of these cores are onty " { tc J0 metres «ong ang inliugde 0Ny the
mid- portion o* the Glauconitic Sandstone Theretore the sequence * facies Could onty
pe defined from the SHOP project cores and correlated to regiona. welis whereve: there

.

was sufficient cole Thirty tive sampies representing 1% regiona welis were examingd

thin section and by SEM A detailed ciay mineralogical study involved XRL =* these



samples as well as re-examination of sandstone samples from well 02 XRD procedures
for these analyses are described in Appendix B

A sandstone thickness map for the Glauconitic Sandstone (Map 1) was
computer -generated from a data base of 758 wells The sand thickness for each well
was determined based on the 70 per cent sand/shale Iine on the gamma-ray logs

Twelve shale or silty-shale samples from below within and above the Glauconitic
Sandstone were selected for palynological analysis The samples were examinea for

palymorphs and dinoflagellates by C Singh



I FACIES ANAL YSIS

A Facies Descriptions

The Glauc omtc Sandstone  ngiste ¢ g 1t (e d tdu e vooascanding o der
these ncluge «oarsening upward sandstone medunm T arse  grained sandstone
aminated sandstone ar gilaceous sanastane arbonac eous sandstone ana shale anc
‘ine  gramed sandstone siltstone and shae A'thougr ™Mese *a’ . es have bear agetines

eatirely O the basis -* the eght Cred b the SH0OE e @c! hey are general

appitanie Athir the ragiong framen vk Theee e aelic : Loanag s b am e
SHOE e jert aciude aimiest the entire Gildu v San st one e L a0 sonereads. e

feomoaelhg i thhe caQona settng generda o uage on, smmgs (et e tthe et 4 LS
gt mpartart varato oty W tir ta e are (4es. T ibed 4. sal td e T hene oL talie digo
. a4 hen meng st ae  foamiter atera exten?
The A moerd g, f e tada ot Sandast e o tac L e ar ¢
st gt dud s ab o armate y e Jud DF of Lot et 4ot ther ey ety

otragments andg tta e damounts t teddspar ind, e herg g a an mMdaer ate

15 UsSSed o e fglien ges it e The 30ttt g e ot e T e e
SeL o eatee t e DL a Qs st s gures gt L e e g e

A AaLnes T LamML e el et ead tg e, S g e At e L Tat e s e g
* i STec o eds’ ‘a3l e

Facies 6 Coarsening-upward sandstone

a4 ec 6 the E LA A M T ot art T e ana e« 3ragat a3
ar L& e Sta. aae e . AR fa sy ' e LR Lt 1 d e A 1460 e
ST Qradual, @TSene L an T e e 3 anelt sanant e e LAr 16 e L ey e
e Looteg ana yrotlat .t SR e et g, Larta e e AN 14
e T '3 ttuokness f o es o taralter cea 4 gQrt e, Qo oA Ler e
Tt e gramec sandst e At igs e 1etaes amingt o Faate T T g g e
Jenr < ymmonly outhines . aminat:nneg espec.all, » the - aer ot r LR T - SIS
Sedimentar, st-uctures nclude No7 7orta £:anar aminationsg  roisg . grmingts g s aue
‘Facies are getined or the basis ©* observec 1thulog( varalions « thir e Haae e
Sandstone and the descriptions nciude al the characteristics tha' make ar enyy - mertg

Nnterpretatior possibe See xrumbeir ana Sicss T963 o g detanes 3so LSSt e
getinitior ot t3c.es
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Fetrologically and texturally subtacies 3bu is distinctive trom the other facies
The trin sectior photograph or Plate 3 . demonstrates the preterentiar horizonta tabr:
resulting from compactior fiattening n* sttt ook tragments ang the orientatior of
eiongate cher' grains Fetdspars 'k teidsnas and plagiociase are mMore abundant thar o
‘ther tacies Alsc alhite content s & percent ar abnormally 'ugh percentage *or a 2o
2T SUCT WOW DOT LSty Average porcs Ty o L are anaiyses o perient ar average
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facies 4nioals Tute o te same statigrapnhy. pos Lor gl suttdales 3o oo
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bioturbated The transition from tacies 3 t¢ 2 1s generally quite abrupt with an I reguiar
pboundary marked by a colour change from medium or hght grey facies 3 to dark grey
tacies o Plate £ 6 Carbonaceous materia ir the underiving facies 3a 1s cOmMmMonly most
abundant neaar thrs boundar,
Facies-1. Very fine grained sandstone.siltstone, and shale
A maximum Cr 6 metres L 0oCk above tacies ¢ oS r@presentec i the SHOF
DT ojelt cores andg s gescrbed here as tacies | Lowermost facies T overnes *facies o
gradatonall, anc consisls ©f stryctureless O aminatea medium grey shaie with aght
grey stonteriamunatons Pigte o0 T Lery s™al burrows and T ippies < mm are present
ocally i the shale ana “arbonaceous Chips are commor Si't nterbeds and lerses
graduaiy DEITOME ™Oore abandan' upwards sulh thal mterheds ¢ shae ang Nterigrinated
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structureless with only 1solated laminated zones A carbonaceous equivalent ot tacies ¢

and a shale siltstone sequence ot tacies ' are represented :n most wells

B Facies Interpretation

The criteria suggesting the depositor of the Glauconitic Sandstone i the SHOF
preect area ira progradmg shoreiine ang near shore environmen? are abundant
Patynoiog|cal analysis of shales from immediatery beicw the Glaucomitic Sandgstone
naicate restrictead marine depositiona congitions 1See sectior or Falvnhoiogicar Results
< "ne contact »*f the Glaucontic Sangstone with the 0stal ode zone s gradationa witr
the 1ower portiorn o* the Glaucomitic Sandastone coarsening upwards frorm silt or very tine
grained sandgstone 3 The zones present nr a mode’n day beacr ‘shoretace toreshore
Dacrshore are al -epresentea i the GiauoHonitic Sandstone ‘\g v a4 Tne uppermase
Lart ot the sanastone Santains Tarponaceonus toct markings ana Lwd  ana s verair o,

Soenergy shaes ana srtstone @ * probable pack barrer g

Svel  gocamenteda studies Cf mager partier sana <, stemms tdve tesutec 1o«
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Another reaction which may occur during the /n s/tu recovery of bitumen by wet
thermal methods s the dissolution and precipritation of Si0, (Boon 1979) Low quartz and
amorphous siica may dissolve when temperature and pH are increased and precipitate as
the fluid reaches cooler regions Such fluid-rock interactions can lead to a change in
reservoir properties such as reduced porosity and permeability and to an undesirable
composition of produced fluids susppnded clays high dissolved silica and a high degree
of hardness (Boon 1979 Chert percentage in the bitumen - saturated portion of the
Glauconitic Sandstone in the SHOP project is about 20 per cent (Table 1 Thig chert may

be particularly susceptible to dissolutior under raised temperature and pH conditions



Vitl. CONCLUSIONS

Three tactors contro the distributior of hydrocarbons anc the reservor Quality in
the Glaucanitic Sandstone within the Suffield area They are ' 1' sedimentology 2!

structure and (3) mineralogy and diagenesis

A Sedimentogical Controls

Hydrocarbons are located along a northwest t2 southeas! * eaing broaa arch of
thick vertically continuous sandstone The sandstone CONsists ¢ ' ‘alies representing i
ascending oraer the snoreface foreshors. backshore marsr anc .agoona: or Zontnenta
zones o' a progradatl hnai beach or parrier isiand comptiex The facies 'ep?ese"tmg the
toreshore zone ilaminated sandstone ¢ * tacies 4 ~ac gepositec under nigh energy
IONditions andg has gooc reservor properties migh porosity 10w Ciay Lontent ana gl oc
atera anc veruca Ot nuty Fluctuating ener gy conditions ang bgturpat-or in the
packshore 7one Creates a rock &1 pOOr rese vorr properties ;r faties + argliaceous o
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C. Minersiogical and Diagenetic Controls

The Glauconitic Sandstone is a Iitharenite composed of quartz. chert other 7

sedimentary rock fragments. anhd trace amounts of feldspar The dominant clay mineral is
kaoknite which occurs n both detrital and authigenic forms It is the abundance of detrital
kaolinite present in the rock which determines the reservor quality The bioturbated or
structureless facies 3 with abundant detrital clay forms a poor reservorr whereas the
clean nonargilaceous facies 4 has good reservorr qualities Porosity and permeability 1s
only shightly reduced in the clean sandstones by diagenetic forms such as kaolinite quartz
overgrowths and deformed rock fragments

The paragenetic sequence 1s ‘1 first stage caicite cement and pyrite
crystallization (21 quartz cementatior and kaolinite growth 13! second stage calcite
cementation feldspar leaching minor kaolnite illite gevelopment and growth of calicite
crystars and 4 smectite chiorite crystallization and the emplacement of hydrocarbons

The mai~ concern re.ated tc fiuid sensitivity :s the dispersion of kaolinite
ron contamning minerals 'pyrite ang Fe chioriter which are sensitive to acidizatior occur
only in trace amounts When the temperature of the reservorr 1s raised during the wet
combustion process kaohnite guartz and dolomite may react to *orm the swelling Ciay
smectite Further reduction in permeabiiit, Mmay resuit from dissolutior ana repreciprtation

ot SIC -quartz and particularly chert:

D Recommendations for Future Work

Areas for turther stud, nclude regional sedmentoing, and diagenes's
Zrelimingry examinatior of core f-rom the e,aster" sandstoné pelt centred i range
townstips 19 and 20 sugges! that conglomerates «'r shaie interbeds ~ thir thic petl’
represent ottshore stor™ deposits Further study < necessar, ! negate or supstantate
tr's ,gea The Glaucomtic Sandstone ir the Suffieia area s oniy a smat ;?arr ot the
extensive regional Glauconitic Sandstone for which the entire gepositional picture 1s ye'

I

tc be ungerstood Stable sotope analyses are needed to develop a fyrther unger standing
o' water rock interaction during diagenesis’ With simiiar objectives th mind new cores

should be drilled in the SHOP project site after the combustior front has pas! through the

area Samples from these new (mres should be examined ir thir section and by SEM t¢
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evaluate any resérvorr damage due to water ~rack interaction during stimulation
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PLATE 1: Core Photographs for Facies 6 to Facies 3d

1

s

n

Facies 6b Light grey to hight brown very fine to fine- grained sandstone with
well-defined laminations )

Left Wave-rippled sandstone with a thin shale interbed at the base of the
photograph

Centre Rippie troughs and subhor:zontal planar laminations defined by
carbonaceous debris

Right Cross-laminated very fine graned sandstone near the base ot the Glauconitic
Sandstone

Facies 6b Calcite -cemented sitstone or very fine grained sandstohe

Left Calcite -cemented sandstone with low angie planar laminations The circular
Remogenous patches in the lower right of the photograph are pr obably burrows
Right Calicite - cemented sandstone with interbeds of carbonaceous shale The shaie
has syneresis cracks and the bed is partially nioturbated

Facies ba Bioturbated structureiess or indistinctly laminated tine graned
sandstone .

Left Generally structureless sandstone poorty defin@g laminations i I0Wer Do fiy
of photograph

Right Bioturbateg zone in upper portion of photograpt 1¢ strusture ess ir the
iower porton

Facies 5 Medwm granec sandstone nterbedoed and interiaminated &t

tine - grained sandstone

Left Thicker medium grained sandstone bed Aith ercsiona base “he pea *e-
upward to fine graned sandstone

Right Low angle planar fammated medium ang fie grained sandstone

Facies 4 Horizontal laminated tC .ow angie Jross laminatec ‘ine  gramned
sandstone LOw angie cross laminations

Facies 4 Low angle planar laminations The black prece ot tore at the '1op . * the
photograph 1s ar uncleaned oil-saturatec portior

Facies 3d Fine graned sandstone with variabie sedimentar, structures ana
argilaceous zones This facies i1s characterized by patches witr good o saturat
interrupted by zones with poor oil-saturation or no saturation

-eft Zone with irregular bedding and patchy o saturatior The upper par® «* e
stab has been cieaned but the iower portior demonstrates ar ~  saturalec ense
surrounded by a nonsaturated Ziay rich sandstone

.eft centre Siightly Ccoarser sandstone interbeds anc 'erses "1 5 S.arf hac peer
Cieanea

Right centre Relatively migr angie laminatec nonar giiaceous sandstone B e e
nave been cileaned but they probabty had gooda o1 saturatior orginall,

Sight Sandstone preccia The :aminatec Dreccia DIGTKS are anguid’ anc ' ang e .,
o>riented The matr.x 05 a sughtly toarser Clay oTr sanastione

Scale Ac o Jome i the DN tLQrabtt cC s o hen T o s e
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PLATE 2 Core Photographs for Facles 3c to Facies 1

! Facies 3c Facies 3c 1s more argilaceous than tacies 3d and lacks any regular
bedding
Left Indistinctly bedded sandstone with patchy o1l saturation
Centre Bioturbated sandstone
Right Structuwreless argillaceous sandstone

< Facies 3bi Bioturbated argillaceous sandstone
Left Bioturbated to structureiess sandstone
Right Bioturbated sandstone with clay streaks

3 Facies 3pi Cross- laminated sandstone unit overiain by a breccia
Left Structureless fine-graned sandstone containing coar se graned pyrite
overlain by cross- laminated sandstone
Right Breccia Disrupted zone with carbonac®ous rootlets and irregular 'y shaped
subrounded blocks Breccia blocks are finer graned than the matr.x

4 Facies 3bi Laminated to low angle Cross laminated argillaceous sandstone
«aminations are defined by coarse sand sized magnetite grans

3 Facies 3a Light brown rooted argillaceous sandstone
g °]

& Facies 2 Carponaceous sandstone and shale
.eft Dark grey sandy shale The base of the unit 1s ar irragular bounaary ‘mark ad b,
3 colour change from medium or hight grey (facies 31 tc dark gre, ‘*acre< .
Right Poor quality coal overlain by bioturbated carbonaceous shale

’ Racies ' ver, tine graned sandstone siltstone and shale
~eft Structureiess to laminated medium grey shale with hght gre, su°
interlaminations and small burrows
Right Interlaminated siltstone and shale rippied tC cross amimates « th s atec
burrows carbonaceous debr:s along some laminations

Scale Al core v the photgraphns s s nches 6 o Ande
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PLATE 3 Thin Section Textures tor Facies 5 and Fecles 3biii

!

Facies 5 Thin section photomocrogrg: of a sampie trom taties 5 showing bimodsi
gran size with coarser chert grams (Ch) snd fine quartz (Q) Chert grains have low
spheriCity and are more anguisr than the quartz Plane polarized hght

Facies 3bin Thin section photomicrograph of a sample trom tacies 3bi showing the
preterential horizontal fabric resulting from compaction flattening of soft rock
tragments (RF) and orentation of elongate chert grans (Ch) Feidspars (F

(K teidspar and piagiociase) sre more abundsnt than in other facies Plane polsrized
hight






PLATE 4 Bulk Minerslogy

! The detrital shape gf s0Me Quartz gramns 1s defmed by a thwn hne of sbundent
nciusions tr apped st the boundery detrital and susthwgenC Qquartz (short
srrow night side of thn section photormcr ograph) Other quertz over growths
produce an mteriocking Of Quartz grens arows lett ude of
photomucr ogr aph) such thet onigensl dew 1tal 13 POt obvious Plane poisrized
hght Scale bar 13 100 micrometres

d Then section photormucr ogr sphs showing
@) muCroCr ystalime chert Plang polar ized hght
(b’ macrocrystaline chert Crossed nicols
¢ chalcedomnt chert Crossed nicols
Scaie bar 18 100 micrometreas

3 Thin section photomicrogr aph showing a detormed siltstone ‘- agment IRF Plane
polarized hght Scaie bar 1s 100 micromaetr es

q Thin section photomcrogr aph showing a detor med o Qiiaceous r Ock tr agment 3F
Note the lack Of ntergrsnuiar pore space assoCiated with the r OCk tragment Plane
polarized hight Scale bar 13 100 micrometres
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PLATE 5: Bulk Mineralogy snd Texture of the Argillaceous Sandstone, Facies 3

1

(0%

Thin section photomicrograph showing the skeletal framework ot a corroded
feldspar (F) Note the secondary porosity (P created by the corrosion of the gramn
Plane polarized light

]
Thin section photomicrograph showing carbonate grans idolomite or siderite; The
black arrow (upper ieft) points to a median gramn sized zone of carbonate which has
intariocking contacts with adjacent grains The interiocking contacts may be either
the result of remobilization of a carbonate grain or due to a combination of both
Quartz and carbonate overgrowths The white arrows point to a carbonste 1one
which ts a larger than median grain size Contacts with adjacent grains are
nteriocking and this carbonate probably represents a very local early diagenetic
cement Plane polarized hight

SEM photomicrograph ot pyrite Py associated with clay, on a pore aal
SEM photomucrograph of an organic structure replaced by pyrite Py  subtacres 3a

SEM photomicrograph ot a very argiiaceous sampie trom facies 5 Masses - ¢ ver,
tine kaolinite coat the grains anc il the pores

Thir sectior phctomicrograph snowing a silt size Quartz and Ciay ™Matr .»
surrounaing sand $ized grains Quartz 1Q chert ICh Piane polar.zec .ght






99

PLATE 6: Pore Space Reduction by Kaolinite and Quartz

)

[

SEM photomicrograph showing a sheet composed of very fine clay attached tc¢ a
detrital gratn and extending iNto the pore space

SEM photomicrograph showing the majority of pore spce flled by fine detrital
kaolinite (dK) Most of the remaining pore space s filied by authigenic kaolinite (ak
and quartz overgrowths (Q

SEM photomicrograph of iarge authigenic vermicular kaohinite vk filling much ot
the pore space Note the smaller vermicular kaolinite iwhite arrow on the surface
of the large kaolinite

SEM photomicrograph showing the occlusior of porosity by vermicular kaohnite
vk and quartz overgrowths Q. Note the smalier authigenic kaolmue @arrows' sitting
or the larger forms g
-
SEM photomicrograph showing a mass of kaolinite booklets (k sitting on QUar
overgrowths (Q! and reducing pore space This kaolinite - quartz relationshig
indicates that kaolinite formed after compietior of the quartz overgrowth

SEM photomicrograph showing a sit s.zed cluster ot authigenic quartz I anc
kaohnite K- reducing the pore size This kaolnite quartz relationship Sugges'< ™ar
Quartz and kaolinite grew at approximatel, the same time
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PLATE 7: Morphologies of lilite and Smactite

1 SEM photomicrograph of a clay ridge on a detrital gran This clay ridge has an ilitic
component but may contain very fine detrital kaolinite or a mixed layer
ihite-smectite

2 SEM photomicrograph of a very fine grained. delicate clay coating (white arrow! on
a kaolinite bookiet and extending across a pore space This authigenic clay coating s
probably ilite or interstratified ilite—smectite

3 SEM photomicrograph showing a rare oocurrence of smectite in a honeycomb ke
growth habit twhite arrow

4 SEM photomicrograph of a sample with approximately 5 per cent smectite in the
clay fraction Note the abundance of clay ridges on the detrital grains
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PLATE 8. Parsgenetic Sequence

1

Thin section photomicrograph of a caicite—-cemented sandstone Dark material
surrounding grains is caicite cement (C) Note the loose grain packing with few
gran—to—gramn contacts. and the lack of clay rims around grains This sandstone was
probably cemented very soon after sedmentation Plane polarized ight

Thin section photomicrograph showing a close—up of the caicite cement (C) Note
the coarse texture of the cement The dark patches in the cement are zones which
have stained a darker pink These zones have fewer impurities than the lighter pink
patches and may represent partial recrystalization of the early caicite cement
Crossed nicols

SEM photomicrograph showing a ciose association of kaolnite (K) and quartz
overgrowths (Q) The arrow points to a zone where the presence of the kaolinite
inhibited completion of the quartz overgrowth The Quartz overgrowth probably
began forming before the kaolinite grew but continued after kaohnite formation

SEM photomicrograph showing a kaolinite booklet (K) embedded in calcite cement
1C) The kaolinite was present at the time of carbonate cementation

SEM photomicrograph showing kaoiinite (K) in the pore space created by feldspar
{F) dissolution This association of kaolinite with the corroded feldspar gramn
suggests that kaolnite was formed as a resuit of the feldspar dissolution An earter
stage kaolinite (black K) grew on the uncorroded feidspar surface

SEM photomicrograph of caicite cubes in the pore space created by dissolution o*
feldspar This association indicates that calcite crystals grew after feidspar
dissolution
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PLATE 9 Pore Morphoiogy

! SEM photomicrograph of a sampie trom the laminated tacies 4 Note the good
porosity shghtly reduced by quartz over growths and scattered clusters of
authigenic clays

" SEM photomicrograph showing a typical clean pore trom a sampie representing
tacies 4 The pore space has been reduced 0 size shghtly Dy iova  usters of
authigenic kaolimite (aK) and quartz overgr owths Qi

3 Thin section photomicrograph showing a pore space B inaa by masses o
authigenic kaolinite 1ak: Plane polarized hght

4 SEM photomicr ograph showing the occiusionr of pore Spac e by gquarts ver growthy
1Q:
¢ SEM photomicrographs showing a cluster 4 kaonmite ¢ aating the grair anc

extending acrss the pore tc torm™ g pore bridge and permeaab 'ty bar e
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Appendix B Analytical Methods for Detailed XRD Analyses
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the anaiysis of the sampie on the diffractometer The glycolated Ca-disc was prepared
by ptacing the Ca-saturated disc i an enclosed ethy'lane glycol environment The disc
was heated in this environment at 65°C for 14 hours and then left for one day to allow
the ethylene glycol to fully penetrate into the clay structures

Relative percentages of kaolinite itite and smectite wer e estimated using the
weighted peak ~area method described in Biscaye (1965) The peaks and weighting
factors used were the area of the 17 A glycolated peak for smectite tour time 14 X: the
10A peak area tglycolated trace for ilite and twice (2X) the 7A peak area for kaolnite
Since kaolinite and chiorite have a common 7 A peak the 3 5A peaks for these mmnerals
are used 10 determine the relative proportion ot kaolinite and chiorite The kaolinite peak
at 3 58A and the chiorite at 354A torm a couplet which can sometimes be resolved
{Biscaye 1975, In the clay sampies from the Glauconitic Sandstone there 1s generally no

indication of a couplet a1 35A Thus the 7A pear 1s calculated as 'OC per cent kaolinite
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