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The t7 438 pool is in the nontheastenn pa.nt af the

PienEon field located in southr^restenn þlanit.oba. This pool is

situaLed within the subcrop of Mi=sissippian Ml-:-3a beds t^,rhich

crnslitute the producing zone. The Mt-3a beds can be

corr'elafed with beds in the adiacent üJaskada ãnea of

southweEtenn Han i toba.

In tlre s.tudg arÈ¿, the b{C-3a beds r'eFr'egen f a carÊ'snate

ti dat fl at comp I ex . Foun I i thofac i es haue been i den ti fi ed.

TFrese åre: algal , uadoliùe, bioclastic gr'ain=.tone and

peloidat gnainstone facies, Except for the vadolite faeie=t

all c,tFrer- facies refer' to deposiLional êrrviranments. The

uadolite is likelc to haue formed from su.bs.eriaI expoEure in

å ELnandl ine envinonrnent dr-tr-inqr ear'1H diagenesis..

Diaçrenetic alLera.Lion has been broadlg divided into

eanl,J and Iate. The ear'lg diageneEis is char'acter'ized

pn inc i pal I U bC bi oI ogi cai di agenesi s, formati on of vadsl i te t

and cal c i te cemen tati on . The I ate stsge of di agenesi s

ineludes dolomi tizaLion, anhgdni tization, the formafion of

othen aLrthigerric minenals, compaefionr FtressuFe sGlt-ttiont

fra.cturing, and leaehinq. A nelatiue chronoloç¡c of the=.e

Êvents has heen r'econstructed rrrhich, in Ererrera. I , shot¡rs

consi denabl e ouer I ap of the di açtene ti e FPocesseE.

The development of pono=itg is not tnue faeies

se I ec ti ue . Late di agene ti c processeE haue been inferred Lo

contnol the presenvalion of pr'irnarg por'ositg as well aE tFre

i
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development of leaehed porosi tg and minon intercpgsta.l I ine

por'o=itg. Houreuep, facies with higher' pr'imar9 ponositg (e.9,

vadolite) åne mone likelg to shor¡ highen porositg

development, and conseqLrentlc represent the principal

Feser'uoir facies. Oil haE been found in the tnaps of

pr'imar'ilg stnuctltral origin; this is true witFr the lirnitation

of updip and/or latenal facies chanqe inuolving ponosi tg

der¡elopment.
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t .1 Location

The Pienson oil field is. situated in the extneme

Eouthr¡rest conner of the Pnov inee of Man i toba l uing about 23

km nor'th of the canadian - Llnited stateE bonder., and atrout g

km eest of Manitoba - saskatcher¡an borden (Fig, l). rt is
I ocated r¡i th in Tor¡nsh i ps '¿ and 3, Ranqes ZA and Zg IJFM.

The t7 43E} pool (also knor¡rn as HC-BaB pool), is the

largest of the Pienson fietd pools, and is. rocated in the

northeastern pant of the fietd. This pool, confined to

Tnr¡rnship 3 and Eanges Zg and ZF [Jpl.l, is wifhin the

Mi ssi ssi pp i an MC-Sa subcrop (Fi g . z> , The di scoueng r¡e I I of
th i s. paol at 13-17-3-u g Hl was. dr.i I I ed bc Kinq RÉc.ources. Ltd.
and Partners in 19ó5.

1

CHAPTER 1

TNTRODT]CTTH.I

L .'¿ Punpose of StudiJ

The purpose of this studg is to prouide å geologic

aesps.sffrent of the producing intenval MC-Ba beds, in the o?

438 pool, Pierson field. The objectiues wepe to:

1. rl lustrate the stratigraphic relationships of tFre

z.
Ì

4.

E

MC-3a beds.

Describe the trapFing meeFranisms of hcdr.ûcarbon.

Identifc the deposi tional facies.

Document the seq¡-rence of diagenetic euents.

Ëxplain the development of ponosi tg"
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Fig. t Location mep of the studg aFee" (Aften Pool

Location Map, Petroleum Eranch, Depantment of

Energu and Mines, Manitobar l?83).
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Fig. 2 Hission Cangon subcrop-southweEtern Manitoba

(After Ealaburar t9g4)
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1.3 Methods of Stud,J

Al I avai I abl e coFÊË of studi ed pool uJer'e examined and

samp I ed. These ane : 1-18-3-ZS I,Jl ( 17. FB m) , 3-20-2-ZB IJI

(10.é7 rn), Z-13-3-29 tJl (7.67 n), 14-13-3-7.? r,l1 (Ê.13 m) and

15-13-3-ZP tJl (7.92 m). Geophgsical logs from the wells

ù{ere also exåmined.

Stratigraphie and stnuetural data wene presented in the

fonm of croEs-sections, stnuctune contoun maps and isnpach

måp.

To studH the sedimen tanH pe tnoç¡r'aphs pol i shed

Fepresentatiçe slabs from the drill cones vrepe examined both

par'al I e I and per'Fendi cul ar Lc, the strati f i cati on under' a

binsculan micnoscope. ê total of I44 thin seetions wene

Fr-epar'ed from the rock Flequettes cut baf,Fr par'alleI and

pÊr-pendi cul ar to Etrati f i cati on f rom the si abs, and stained

uuilh Alazanin Red S. The thin sections wÊre sLudied under a

Le i tz [Je tz I an SìM-LUX-FOL mi cnoscope and I i thol oçri c I ogs wene

pr'epar'ed fr'om the c,È,tained data. Fhc'tomicrogr'a.phs of

pnepared thin sections and polished cone slabs as r¡eIl as

photc'gr-aphs of pol i sFred cone sl abs hier'e taken tc' docltmen t the

data.

Porc,si tg and pepmeabi I i tu data frsm core analgsis wePe

availahle fon tr¡o Etudied dnilled cores. Fon the rest of the

coFes estimation of poroEitg r¡ras carr'ied sut microscopicallg.

To show the interrelationships of var'ious par-àmeters

pesFc'nsible for' the developmenf sf por'osifg e corPelation



7

matrix was pnÊFaned using dala from the section below the

al ter'ed zúne in 1-19-3-28 tJl r^re I I . The de tenminati ong of

amount of dolomite rhombE and anhtJdnite as r¡ell ås dolomite

rhomh si ze uJas canr i ed out mi cnoscop i cal I c. The mean and f F¡e

standand deviation of dolomite nhomb size were calculated on

the basis of meas.upemerrts of tr¡entg randtrrnlu selected

dolomite engstalE along the long diagonals of Lhe rhombs'

1.4 Preuious l,Jonk

b'lc[:abe (1959] in

covened the Pienson an,ea. Laten McCabe (19ó3) discussed the

str.atigr'aphic and str'uctural factor's pesFon=.ible fsr' the oil

åccumulation in the Mt-34 beds in the Pienson field. These

wor.ks wÊr'e publ i shed bef one the di scouerlt sf the l)7 43P' pool .

Ghazar (L?7lÈ) undertook a Feconnaissance studg ta eualuate

the hgdr'ocar'bon pofentia.l in the Pier=.on ar-eå,. The snIH

oLher urork is å detailed stnatigraphic and Eedimentological

Etudg of the MC-3 Member in this aneä. bH HalaÊ'nna (19-q4).

These studieE pnovided Epecific infonmation relevant to the

F r'e s.en t E tudc .

Pr'eu i ous studi es c'f the Mi s=.i on tan'Jorr sequence in

adioining åneas gaue rise to a number of differ'ent

pr-edictiens regar'ding the poros.itg developnient. Genhard ef

al" (1978) suggested that per-meabilitc of the Frobisher-

Al i da. bede pr'oduc ing in the GI enbunn f i e I d (non Lheastern

tJilliston Basin), North Dakota is associated r¡ith eanlg

diaçrerretic stnandline vadc'se pisolite. This caated-grain

his reqional sfratigr'aphic stud'J first



I

fac i es urras preu i ousl,J neg*nded ås ool i te fonmed in agi ta.ted

water of suÊ'mar.ine shoal s on à p I atform edge f an awag

basinwaFd fnom the shoreline, EIliot (1992) and McCulloch-

Smith (1994) wonking rn the Haas field (rrantheastenn

tiilliston Easin), Nonth Dakota and the lJoodnonth f ield,

southweeter'n Mani toba FeEFectiveIg concluded thEt mcrEL

poPosi tg ¡¡as secondan,¡ or-

f r'om I eaeh ing of cal c i te

(l?8?), Lindsas and Roth

( 1 994, quoted bc El l i ot,

Hnife field (cenLral tJitliston Basin), North Dakota nelated

the development, of porositg to ear.lU diaçrenetic anhgdrite

neplåcement of skeletal fnagments follor¡ed b,J dolomitization

of the muddg matrix, and iate diaç¡enetic anhgdrite leachinçr,

These contnasting scenarios marJ reflect eitheF Fegional

differ-encee rr different interpr.etatic'ns of s,imiian F¡pocesseE

due to lack of sufficient data,

Eecondani lg enlarged and npsul ted

dun ing I ater di aqenesi s. Lind=.a-q

(l?BZ) r and Lindsag and Kendall

1?ÊZ), in their studg ûn Li ttle

I .5 Reqi onal Geol oq'J

Southr¡estenn blani toba consti tuteE Lhe nsFtheaster.n

cúFnep af the tJi i I isfon Ëasin (Fig. 3). The [Ji I I iston Eas.in

encompåsEÊs an àl*es of about 1é0,934 sq. krn r¡i th i ts centre

in nor'thwesfern Ncrth Dakota (McCabe, 1959).

The t,Jilliston Basin meg be defined ås å.ìr autogeosgncline

of Hag (1951) ot' an intracFatonic baEin of Hnurmhein and Slc,Eg

( 1 951 ) (Lai nd. I ?56) .

It had been fectonicallc active fnsm Ondcvician to



Fig. 3 Outl ine map

1959).

of Èhe tlilliston Basin (Af ter t'lcCabe
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Ëre ta.ceous time and, hence , ulè.E the pn inc i pal f ea.ture

gouer'ning the patter'n of sedimentation in this reqion during

this time (McDabe, 1971 ) .

Tr¡o gnoEs litholc,gic sequencÊs are pr'esent in

Eouth¡,,-reEtenn Man i toba:

I . The I or^¡er Pal ec,zoi c sÉquenceE compc'sed almost

entinelH of carbonate nockE.

?,. The upF,Êr Mesozoic and [.enozoic ÊÊquences.

conEistinq màinlc of shale and sandstone.

These t¡¡o seqirences. åpe seFarated hH a prünounced ançrr-tlan

rrneonformit,J (Fiq, 4) r^rhieh nesulLs in the bunial of the

entire Missi==ippian sgstem aE weII aE the uFpÊF Part of the

Deuonian beneath the overlapping bdesozoic stra.ta.

CÕnsequentlg, an ir'negulan ser'ies. of narthwest trendirrg

subcrop belts deueloped beneath the Juragsic sLraLa.

TFre Mi ssi ssi pp i an sgs.tem in southwe=.tern Man i tc'ba

consists of fonn formations. These arer frsnr boLtom to fop:

Eakken, Lodgepole, Mis.=ion Cangon, and Char'1eg For'mation=.

i'E i ^ 
ti\\¡ ^ 

l:Jr ¿/.

The Eakken Formati on ccnsi stE of tr,uo h i gh I u r'adi oac ti r¡e

bl ack shal es sepanated bu gneg var i egated cal cå.r-Ècllts

sandstones., gi I Lstones or' dol onri tes, and corr fonmabl g over'i i es

upper Deuonian stnata (Ghazar, 1978). This formation is olre

of tF¡e thr'ee siqnificant source nocks fc,n hgdr'acarbon in the

tJitliEton Basin (tlilliams, 1974> .

The Lodgepole Formation rests. confsrmablH en the Eak!'en

Fonmati on , and i s composed of argi I I aceous, cher tH:
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Fig. 4 Cross-sec ti on

McCabe, l9é3) .

- southwestern Manitoba. (After
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bioclas.tic limestone with interbedded siltc shale:- (GFrazar.,

I OTO\
L Ì I Uf r

The Mi ssi on Cangon Fonmati on over-l i es the Lodgepol e

Fonmaùi on conformabl c. I t i s composed of bi oc l asti c ,

ooliticr and algal limestones wiLh intercalatians of thirr b,ut

fainlg persistent Ei I tc dolomi tes (Ghazan, lFZg) .

[:orrfsr'mahlg resting orr the t"lission Can'Jon Formation is a

sequencÊ af anhgdn i te , dol orni Le , and red aird gneen shal es of

thar'1eE For'rnati sn ( Ghazan , l?7A) ,

These Mi=.sissippian stnata å.re unconfnrmablH oveplain bc

=-[un as=. i e Amar'an th r e d be ds .

1.ó Stratiqnaohu of the Studg Anea

The Missisn Êangon Formation has been divided into three

memberE (McCabe , 1959) , These å.ne r in the ascending order ,

MC-1 , Ilt-?, and MC-3 Members,

Ghazan (1P78) described fhe b,1t-l Member as consisting of

den=.e, cher'tg, cninaidal limestones in the L,as.al Þar.t tFr r.oueFr

finelc grenulan chalkc Iimestone to oolitic and alqal zones

in the uppEr. par't.

The over.l uinç¡ MC-? Memtrer- i s csrnpc's.ed of enhgdr.i te and

angi I Iaceous, mienoeFgstal I ine algal dolomi te (Ghazar r 197È).

According tc, Ghazan ( I ?7S) , the succeeding MC-3 l"lember

is å dense chertg, cninoidal limestone in the basal pant to

psnGuE ool i ti c fine I g comminuLed en inoi daI 1 imestone in the

upper pant. The Pierson field pnoduees fnom MD-3 Member.

The MC-3 Member has beerr further subdivided intc' lor¡rer.
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(b{C-3a.) and upper' (MC-3b) in terual E wi th MC-3 marken bed

sÊFar'ating them (Halat'ura, t9E4r. The pr.oducing horizons af

the û7 438 pool have been found in the Mt-3a beds.

Fig, t (Eaek Pocket) shot*rs erpr'elation of Mission Cangon

Fonmation betr¡een the Pierson and Haskada apeas.

t.7 Hgdnocarbon TnaÞE of the Stud'J ênea

Thnee stgles of h,Jdrocarbon trapping, namelg,

s.tr'ucfltral-topoqr'åF¡hic, tnuncatisn and facie=. tr'aps have been

found in fhe studg àFea, and each of these iE degcribed

be i ot¡l .

1,7. I Stnuctural-Topooraphic Traps

The b{ississippian er'osion surface is charaeterized bg

"Frigh=." sp "noses" (Fig. 7 and Fig. 1) reFr.eserrting pnimanilg

the si tes of oi I accumul aLi on .

Lscal thinning of Juras=ic red beds (Fig. 8) depicting

topographic "highs" is somewhat coincidental wi th these

s.tnuctureg. Hc,wevep, a Femar'kable resemblance betr¡een

str'uctune contouns on the ÞlisEissippian enosion sunface and

on the toF, af MC-Z mar'ker has heen obger'ved (Fi g , ?) .

McCahe (lF5F) suggeEted that these nhighs" on the

Mi ssi ssi pp i an erosi on sur.f a.re ar.e str.uc tunal , arrd or i ginated

fon the most part Eubseguent to the peniod of enosion, and

pnion ts, or contemporaneûus r¡it,h, ned beds deposition.

Altennativelgr the,J måg neFresent principallg topographie
n h i gh=o , cr'eated bg the di fferen ti al erogi on dun ing the
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Fig.7 Structune contour

enosion sunface.

map ( in me ters) on l'li ssi ssi Pp i an

(After Ealaburar l9g4).
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Fig. I fsopach map

Formati on .

(in meters) of the Ls¡rer *naranth
(After Ealabura, 1984).
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fsr'matinn af the Ltrrconfc,rmitu =lrrface, that k'ept å' rrúticeat'1e

"nìemclr'g" of the structures formed eanlien.

t,7.7, Tnuncation TnaÞs

Tire studied nÊ5Èrr.roir. rccks r¡jeFÈ tnuncated bs the

tJis=.i==.ippia.rr eno=ion sur'faee, and der.relaped å. dc'lc'n¡i tized

and a.nhgd¡it,ized a. lt-ered z.rì-!e às ð. capicrk inrmedi.ftelu helow

tF¡ e LrneÊnf ornri f u.

Hor^revEr. t the dis.trit'r-rLitr'n of ai I åccLtmLtlafinrr=. ='r-rç¡çe=t

that_ Lhe traps àrÉ pr.imar'ilg structural nathen than

tr'uncatior¡ aI .

1.7.3 Facies Tnaps

Rarid facies ehanqeE fr.om re=.erv*ir r'c,cll=. tr:' rrsr¡-

r-ÊsÊF.v,:ir rscks, both r-tpdip tFig. 1t (Eack Pccket)l al-rd

la.ler.al iFig. ii iEack Pocket)3, ireue hee'n c¡t¡eÊ¡-ved tn

contrci the oit àicun¡Lr. lation in Lhe Etructur'aI tr-åF,Ë'

rrr light sf the abc,rre discusEion, iL i=. beiie'.¡ed lhaf

the tr.ap= å.rE pnimanilg strucLurai; this. is tnue I¡it'h the

i irrri tatisn af facies charrqe=- res-po'n=.ih1e {'¡r di=l¡--ihr-rtinçr

porcsi tu and permeabi I i tc '
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Fig. I Struc ture

manker,

contour map (in meters)

(After Ealabura, l9B4).

on top of t{C-Z
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Z,"l Descriotion of Li thofacies

Foun lithofacies have been Fecognized in MC-Sa roeks in

the studg area, These ane!

I . Strsnatol i te./crup tal gal I amin i telpseudostrsnata.

Z. Tadol i te.

3. Bioclastic grainstone.

4" Peloidal gnainstone.

Except for vadolite facies which ig of eanlg diagenetic

origin due to subaerial exposut.e, all others refer to

deposi tional environment.

25

CHAPTER 2

DEPOSITI fI.hL EN{IIRCn $,IENT

?,.1" I Stnqnatol i telCrsptaloal Lamini tez?seudostrsnata

Fac i es

This facies cdnprises the main rock tupe of the studc

area. All rocks of this facies ane algal in origin and have

heen subdivided into thnee subfacies depetding on the grorrth

form of algae:

1. $trqnatolite¡ It is characterized bg organic

structunes produced b,J algae.

2. Crsp tal gal I amin i te : I t exh i bi ts al gal gro.cth in

the fonm of laminae.

3. Pseudostrsnata: Thig nock t,lpe is defined in the

sense of [JoIf (t9é5) as the pnoduct of crustose

algae grorrths: inregular dense patehes of gnanuloid



åigå1 micr'ile r¡itFr sürnÈ detr'itus, If is. å =.edi-
menf.anu term, a.nd not å. paieobc'tanic;. 1 one.

?.1 .1 . I Stnomatol i te Subfacies

This sirhfacies is of EclmÊì.\rhð.t nesfr'icLed derreluûrnent

heing r'ecc'qrrized i¡r Ê ,=r-it nf 5 Etr-tdie,J u,relIE. This r'sck t!¡FÈ

is cor'ùE¡a=ed of str'oma.tclites r.rrith irrfilIEd sErjinier¡ted rnicrite

iFls.te 1). The str'c'rnatalite i=. maiîr 1'J LLH tHFÊ c,f L,:ç¡:..n et

+i, (1--/S4), i,e., lafe¡-¡.iig ii¡-ikÊõ heniiEEhpr'oid= {Fla.te 1-A),

ãH t1--rpe iLsciarr et. a,i. 1?ó4) char'acter' =.üacked herr¡ i=.pherc'id..

hae also been found in this fa.cies {Flate i-E; Z).

Th i =. r'oek tgpe i =. cF¡ar'a.c ter i:ed t',i i r'r'eçlt1-r.r' f e'r,e=.tr ae

throughout the matii>l (Fla.te 1-Ei a=. urell å,=. laniini:'id

fene=.tr'a.e bÊlcr.rlEEr¡ str'crnatclitic ianrinae (P1e.te :l-f¡i, It m¿.'-¡

tr* ternred å.s ari alaal mat lofrit-e ås. it i= charactpri¡ed bc

d¿rreIc'FnrÊrr t of ferre=.tr.ae {Fla.tes. i-El ¡ 3-å) a=. r,.leII å3- ..F¡eeï

crack:- (Flate= 3-Bl 4-å). Thi= tior¡iat i=. ¿. pt'u'juci of th¿

q¡-'ar¡¡th c,f t,ir-re-i-¡F'ÉÉri a. lqae (PIate 4-Ei, pr-'crtra.t'i'-i gir'uane1i.r

\a-ld.ÇÈJ .-¡-bl ,''

ü{terr pccket=. c'{'peloid=. ê.i-'Ê fsur¡d tc' he entrs¡,ped in

the rn¿t tFIa.te 5-E), Éllthnu.gh fc,sEils. å.r'e s.cB.rce, small

B.iirL-'Lrïr t=. of hi,:claEfs. c'f c,str'aeod, d¿.sHcIad, f¡r'¿.rn iFlate .i-È:

anC bra.chiopcd (Plate 6-Bi har.re treen identified, A¡sf,he¡-

minsr' cc,nr[rürr Ênt c,f this facie=. is tlue qr'eerr a1qal gr'ain=.

(Flafe 5-E).

¿o

LlEuallg fhis r'c'ck tcpe I9 t'uff cc'1c,r.ed,
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2. I .1 .Z Cruptalqal Lamini te SubfacieE

This suhfacies csnEtitu.tes the pnincip,rl alr_-ral r'rck

tcpe. Th.is rock tcFe is composed of mainig micnite and alEal

peloid=. t'ounded b!¡ blr-re-qr'ËÉn alq*e (Fiale F-å),

ïn r¡,reII defined sections the aIqa. I larninae åFÊ

r'ÊF,i-ec.Er¡ted h'J plarr ar' a=. r,^,reI1 aE ir'r'egular' anå.ELonra=in'¡

Sabric itrith the formen tgpe being predoniine.r-l! {Pi¡.Le 7i.

Thi=. facie.. is char'ac+,er'ized ha-., larr¡ inc'id fe¡e=,fr'ae iFlate Ê-

Hl.

Like the Str'c'n¡a.t¡Iific facie=. it als.¡ ci¡ntain= å. i-fiir-r Êr'

år,¡üLrììt af binrlasts-osLracod, forarn, dasUcl;.C, icdiace¿.rr

a1ga.e r gastr'opod, hraeh i apod. ecF¡ ir¡ c'der'm åã r¡,rÊ 1 i å.=. hl ite-

qr'eeìì ai ga1 q¡- a.ins.

[fF''r'ard in ''.i¡ Ê =.eCtiCn fhi=. su.t'faCie'. s.c¡ffrefinre=. t'eCC'rre=.

enr'i rhed in terr'i ÇÊfiEurus arçi I Ì aceùu.s cÐrr1Ë,onen ts.

This. rock tHne is irrfer'r'ed tc, be the pr.'irrcical

dip*==.iLio¡rai facies of ühe doluriritized and a.nhgd¡-iLized

alter'ed ãûne a5 slrqge=.ted b"J the vaquel'--¡ F,Fe=.er'ved crHpta.içraI

Ianrinae in the lafier (Flate Ë-E), Ì'ioirnaiLq ii is irEa.m

calcred, t'r-rt in LFr e alter'ed zor'e it å.ss.ume€. e gr'ÉH hu{f trc, lc'r'

eh¿.nacter'i=Lic of ùh¡.i" zLlnÊ,

2. 1 . i ,3 Pseudostnomata SuË,f ac i es

t"lacnoscc'picaiÌH, this subfacieE look=. Iike a mudEtone

Fr å.,.,ir¡ ci r,,lÊ1i-defined fer¡estr'ae (FlatE ?-å) ¿.nd =.heeL enack..

iPi;te :î-E) å..r rr,rÊI1 às vertical degiccation iracks (PIate lû-

A), TFr e abr-rnda.ncE úÍ blr-re-qr'eÊrr ¡. 1qs.t filaments. and renaiic
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strgÈtures (Plate 10-B) speaks for the origin due tn enustose

algal gr.ou+th. FlicroscrFicallg, it iE eomFc,Eed of dense

paùches of gnanuloid algal micni te '

Like other algal rock tHFe=. the bioclasts constitute a

minon emount and a|^e: oELnacod, dasgclad, foram and blue-

gneen al qaI gr.ains. Th i s r.c'ck i s bi oturbated hu main 1g

uer.tical hurrotvs (PIa.te 11), Llsuallg ir. ig buff to buff

r¡hi te colored.

2. I .2 Vadol i te Fac i es

TFriE facies (Flate LZ> has not developed thr'ou'ghout the

studg àFee, It occurs in thnee r¡ells. and esntnibtttes to the

dc, Isrnitized errd arrhLrdritized aitered zone in orre well' ThiE

facies is cornÞosed of vadoids nangit'rq from microscopic

rnicr.tr,id (peloid size) to pi='olite size (uF to I cnri (PlaLe

1Z-B). The uadsEe origin of the coated grains rrf this facies

åïrd hence the nanìe uadsidE ane -iustified bg:

1. occurenceE of uadose crust and inuePse-BPaded

ç¡rain=. (Fl ate t'¿i .

Z. Broken qrains due to desiccation fr'acLuring

(Pl ate 13-A) .

3. Ftattened qnains ä.rrd Fol:¡ganal fittinçr amcng tFrËnr

(Plates 13-Bi 14-Ai.

4, Shar'inq of the outer Iaminae, and cc'ntinuaLian of

outer Iaminae info the su'rFou'nding sedimenL

(Fl ate 14-E) .

5. Penched inclusions in the gr'aiäs (PIate 15-A).
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ó. Multi=taçre çrrains (Plaùes.

7 . Dor¡nr¡and th i cken ing of the

(PI ate l5-A) ,

g. Ver'tical astrrnrnetrg c,f the qrains. (Fla.tes 13-E; 14-A;

15-E) .

? . b{i cr'ostal ac ti ti c eemen t (Pl ate 1é} .

10. Continuatisn of radiaxi¿.1 spar to fonm fhe cement

(Pl ate 17-A) .

Normallg this nock Ètipe is buff gPeg to buff t¡rhiLe

cnl ored. trutt in the al tered zone i t as.slurre=. e grÊc Þ,uf f csl ar'

chanacteristic of that zone. The two extneme tgpes of

vadoids å.Fe: marine uadoid har.rinç¡ r'adial f.s.br'ic ecffrposed of

aI ternating mi cn i fe and radi ax i aI span I agers, and nri cr i ti c

cal i cFre rradr'i ds (Pl ates 17-lH; 1S-Ai . Al I gradati ons. be tween

them sccur r¡ith the Þnedominance of mar'ine va.doid tCpÊ (Pla.Le

1E:-A). The nr-teleii of tFre vadoid=. år'Ê u=.ua.l1Lr hrc.l,lerr ua.do.ids

(Pl ate 13-E) and obseune mi cn i ti c bodi es (Pl ate 18-Bi '

13-E; 14-A).

outen I aminae

3. t .3 Bioclastic Grainstone Facies

This facies is of verg restricted development and is

four¡ d in trrrlH one ¡,'.rell. It is cc'mFc'sed of Ë, lue-qr'een algal

grains (PIates Z,Z,*E; ?3-A) (e,g. girve.nella) (PIate 23-E)!

forams (Plate ?3-A), dasltelads (Plate Z3-Ë)r echinoder-ma1

fragmen ts (Pl ates Z?-E; 23-A) r and bnsozoå. (Pl ate ZA-ëa) . A

veFH minon amÉun t i s eonrpr'i sed af br'ach i opods, red al gae

(PIate 2,4-E> and pugose cona.ls (Plate US-A). It is usuallt-r

buff to gres br-tff colored (Plate 25-E).



2.l.4 PeIoidel Gnainstone Facies

The pe I oi ds mag be categor i zed in to fecal Fe I I e ts,
pseudopelletoids (nounded atrd sorted canbonate mud reu.ronked

hU water cupnent), and micritized, rounded and abraded

bioclastE (Plate 2ó-A). The bioclasts include echinodenmal

fraqmente., das.uclad=. and forams. TFre p¡.tchg distr-it'utic'n cf

the open spaee stnuctune in this gnainstone facies ma.g be

suggestive sf trapFing of the qr.ains Ë'c alç¡aI cnu.sts (Flugel,

19Bz)' This facies is of neEtnicÈed deuelopment beinq found

in tr¡o we I I s. r t i s gpeH buff ts tan col or.ed (pI ate ?,é-E,i .

30

Z.Z In tenone tati on of Li thofae i es

Z.'¿.1 Stromatol i te,/Cneptaloal Lamini te./Pseudostnomata Facies

2.7,.I .I Stromatol i te Subf ac i es

Stromatc'l i tes ar'e c'r'ganc,Eedimen tar'-¡ Etr.urc tures fcnmed h'g

hinding of f ine cal careous mud and si I t , de tr i ta.l gnains. and

te=.ts of micno-onqanism=. in a s-ticku algal s.heath (Loqan et

å1,, 19É4).

l"loder-n strornatol i tes char'acteriEticai Ig deuerop in tFre

intert,id¿.1 on neåF-tidal zone, tJhen strom¿.toIite tennain is

inr-tndated, f ine grairr ed Eedimen ts in EusF ensi on ar.e t,ound

into laminae bc algae. The formation of a sLromatolite is ã.

function of locationr Èxposlrr'e and tidal anrplitude, Thes.e

faetors giue rise to a number of diffenelrt tgpes (Logan et

ål ., L'/¿,4J.

Tcpe LLH latenallH linked hemis.pher.oids is tgpical
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of protÈcted intentidal mudflat urhene wàuÈ action iE slight.

(Logan et al . ¡ l?64) t r¡hich normal lg ctr'incides wi th the

littonal zone and per'iodicallc extends into the EupPalitLonaI

zone. Accor'ding to Logan et al. (t?64), this tcpe results

fnom one on å combination of the followine factors:

1.

¿.

Lateral gnottr th exF¡ånsion.

Gnowth ouen ppe-ex i sting i nnegnl an i ti eE.

4. Gas-evßlution unden alçial mat.

THpe SH staeked herni=phenoids is charaetenisfic of

inter'tidai headlands (Lo-oan et å.1 ,, l9ó4). This t'JFÊ

deue I ops in the exposed in Ler ti da.l mudf l ats r,,,rhene Ecour ing of

r,\¡åue actiorr and c'ther' intenactinq factsr's inF¡ihit confir¡uou=.

gnor^rth of al gal matE.

The rnajoritH of the =.tr'c,rråtc'lific str'uctur-es å.re

compound, i , € . , hav ing changed r,^ri th uer ti cal gnot.rth fronr one

tuF,É tcl arrc'ther'rr;ith å change c'f depo='iticna. l envir'onment.

The Etnomatol i tes of the studg ànea eoFr'espond to LLH-SH

tHFÊ. This comF¡ound tupe Fras i tg modern analoq:- (e.9. t Shark

Bas, LJestern AuEtraIia),

It nrag t'e inferred that the depo=itional envirc'nrnent c,f

the str'omatolites in the sLr-tdg aFÊå fluctuated bett¡een

protected intertidal flaüs and expased intentidal mudflats

ehanac ten i zed bg waue àc ti on . The fonmen enu inonmen t

pr'ot'at,1g peniodicallc extended inta supr'alittonal zone ås

suggested bc the pnesence of desieeation craeks in the LLH

Re I i ef created bg r'ap i d çrrawth in the Fri gh= and

inh i bi ti on of growth in depnessi ons.



tcpe aE ure I I .

ftuning stonm tides interstructural depressions of tFre

stnomatol i tes ape I i ke I g to be subj ec ted to sedimen tati on .

The c,t'served predominance af micr.ite infillinq the

intenstnuctunal area aE r¡ell àE inhibiting the gnowth of the

struetune meg be attr.ibuted tc, stc'rm=. or unu:-uallg Frigh

tides. This also explains Lhe presÊrrce of subtidat hnoken

hr'ach i opod hi oc I asts in the r'ock.
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Z,Z,I .7 Cn'Jp tal qal Lamin i te Subf ac i es

This rock tgte is a pnoduct of hlue-gr.Êpn algal binding

on the tidat flats duning the time of inundation. The

laminae r*eslrtted from mienoq¡rading or altennation af peloidal

and rnicnitic Iagens.

Acec'rding to 0Jils.on (l?73, p. á-/) thi=. facies is

charactenistic of tidal ponds. The verg minsn amrunt of

hrsken suhti dai t,i c'e l as.ts ( e . g. , t'nacFri opad, ech inoder.m)

found in the nock tlrÞe mag be exptained bc hauing been

hr'uuqFrt to the deposi ti onal si te dun inq gtorms or. unus.ual 1g

hioh tideg.

-¿.2.1 .3 PEeudostnomata Subfacies

DJoIf (1?ó5) reponted the nccunpence of this nock tgpe in

the space Ê,etween distinctlg shaped alçral colc'rries.

The biotunbation chanacteristic of this nock tcpe is

believed to be the peåsc'n whc it is devcid of organosedi-

men f arrJ stnuc tures tgp i cal of al gal mats. The ubi qui tous
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vÊr'Lical àeEocia.Lion r¡ith sLnomatoiite iFil-r' 12 tËa.ck

Pscket)l iE sLtgqÉstive of the fact tÊrat tF¡ig r'cch ti'Fe i: å

hornoçeni¿ed pi-'ocìi-ici of pàr'ent sLnnma.tolites as. a result of

th nr'c,LtgF¡ t, i s tur'ha t i on .

Z.? "Z Tadol i te Fac i es

TF¡e rrer. licel åEE¡:¡ciaticn trf tF¡ is facies' IFir-¡=. 1'.{' iElack

Pc'chet)l 131 tçith the a1çaI faries= ãiìdr rrûr-e impantent'lg.

tFr e c,bg.e¡-.'.red r:¡r.å.d.3.t,i¡-,ri.:. I c'fr¡tact het¡¡eerr tFrese f¡.cie.r iFia',.e=.

19; 20-A) poin t to the f ac t tha t thE F¡aFÊn t s'edirrrer't i"ra= cf

t1ga.i {'aeie=.. ÊiscIa.st=. sucFr å=. c'=t¡'E.c,-rC=., fc,r'arn=',

qa.sïropod= and d*s'JcIads, ha,.,e L,een four,d fo for'm the nr-tcleii

sf =,orrÊ us,doid=. (Platee Z0-Ëi Z1 ; ZZ-åi, t,ut thes'e 3.r'e ver''i

n¿.;-.e, ii-r line trriLFr the abcue interpnetation negå.1-dinç the

or.igin c,f this. f.=.cies, these r'ã,r'e t,ic,cia.si nu.cleii ffrå.'i t'e LFr e

ilì-¡es that uiete trappeC in the oricl in'ii a. 1ç;.i r'urke.

I',lulr.maltg the uadoids å.r-e cc'ffrFs=.ed c'f ;.Èt¡-'eticr¡ ¡.¡'.¡ lirt1l',tih

of a.ite¡-'tratinq Iarninae cf micrite atrd r'.*diaxial =t'ar' ThE

r'adi¡. I fa.hr'ic vadc'id a.=. r¡¡el1 å.=. the r'adia>;iaI fat'r'ic c,f

ffrirFC,=.t-r.Ì-+.cTitic cer¡tent pcint tc an eävil-'cnn'rÊnt of fonrna',.i¡n

r¡JFrcrs.Ê muder.n a.nal c'q i s tFre con i aTc'i i te ter'r'¡.irr of Pr-tr'ser' å,ri d

Lnrear-t (1?F:), Ïrr this enuiÍ*nìrmerit r.rad¡id= fonm bu

Frr.eCipitatic,n fr'sffr ar¡r--l g.he. llc't/'J Fr g¡,gr'=.aline t¡rater' irr ã.

per i ti dal env i ronmEn t. The fr'a.c Lur inç f ound in the v¡,j¿'i 'j=

ftra'_J have beer¡ calr=ed, e=. poirr Led aut. t,u Ac.=.er'eto ar¡d Folk

( 1 ggt ) , bc desi ccati on . These fr ac tur inq ep i sodes aI Lennated

u.ritF¡ vedr,id qr'guutFr (Fer'gt, lFB::)'
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Fi g. 13 Panel diagram constructed frsn

shor¡¡ing I i thofacies changes.

the present studc
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ûn the other hand, Esteban (L976) su-ogested that

mi en i ti c vadoi ds ar'e of cal i che nr'i gin . HoureveF ! th i s

postulation has met r¡ith objections because of the fact thaf

at, least some "caliche uadoids" =err Eu E=teban haue beer¡

rÊported fnom uadose manine enuiFonment (e.9. r Bunqess,

1F83).

SuË,aerial expc'sur'e tagether urith flushing tr.rith fr'esh

waLer is nÈ-qlrined for vadose compaction of carbsnate

sediff¡ents {tlark, 1?gtl , qnoted hc PerHtr 1F83). Acconding tc,

Pengt {1P83), the characLeristic featune of this compactian

is m¿.rked ds¡.Ârnward intens.itLr, and fitting of the flattened

vadoids as a nesult of dissolution of the uadoid due Lo thein

unstaË'le miner'aloçlu ( i .e., ar-agoni te and hiqh-t4g calei te).

In the Persian Ëulf àrea pecent uadoids compssed of aragonite

and hiqh-Mg calcite fonm u¡F¡en hHFer's.aline qFoLr,r¡dr,,.rater' is.

pulled up t'c capillarg pFesEu.re, but no vadose eornÞactisn haE

been repar'ted, mainlu heca.ns.e c'f absence of fres.hwaten

flushing (Perst, 1î83).

It is Fr'oFoged th¿.t tl¡e va.doid far'nratian terrain irr tFre

studg area is a marine vadose one r¡ith Eome fneshr¡ater vadose

char'aeteri=.tic=, =.ince, in a qener'alig h!¡per'saline

envinûnment attacks of fneshr¡ater can happen (Perl¡ t. 19S3).

giving r-ise to the sehizc'hal ine envirc'rrmÉrrt of Folk and Land

( 1975) ,

?,.?,,3 Bi oc I asti c Gnainstone Fac i es

tganophgcean and dasgc I adacean al gae ã.Fe
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eheFè.cter'istical lg found in nestricted enuinonments (üJi lsan,
1P75, p. 74>.

The pFeEence of cganophgcean al gar grains aE the ma.j c,r.

constituent of the gnainstone facies as r,uell ås the ppesence

of dasueladacean and fonams lead to the infenence that thiE
faeies deueloped on å. nestnicted manine ghoal, The

oceLrFFence af ech inodenmal fnaqnren ts as a v i si bl e minor i tg
and the existenee of small amounts of bioclasts cÐmpnised of
br'gozoa, hr'acFr iopod and nt-rec,Ee cOr.al mag t,e explained bH

the i r tnanspsr tati on in to the deposi ti onal si te dun ine
sttrr.rns. It is noteuJc,rthg tc, mention, hc,r,ueuÊr.r that the

ppeEÊnce of ech inodermata, brach i opoda and br_qszaa in the

r'estr'ieted envincrnment in the Fer.sian Gulf hae been nepor.ted

bg Hu_qhes Clanhe and Heij (192A).

Z,2.4 Pe I oi dal Gnainstone Fae i es

This rock tcpe develops on the nestricted m¿.rine shoals
character'ized hg moder.ate water- rnouemerrt (Fluqel, l?azl
p . 407i ' The ech inodermal bi oc I asts found in th i s fac i es rnàq

he trans.por'ted inta the depositional gite drir.inç¡ tinre=. of
storms. Hor¡eveF r again i t should be noted tha.t Hughes clar.ke

and Hei j (l?73) reparted the pr.esence of echinc,denrr¡ata in
nestricLed enuinonmentE in the persian Gulf.

2.3 Summarg of DepoEitional Envinonment

The nocks of the studg aFea fall r¡ithin the ,'facieg of
r'estricted circulation on manine platform" ef [Jilson (lgzs,
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p" 2d). This panallel-to-shore fa.eies belt inclucies

sedinrent= in tÊ¡ e uhole cc'r¡"rElex of car't'crne.te fida. I f1¿.t

enuirsnmelrts inciirdirrg ti'da. I channel=, cut-nff lae'f,utrg. and

coa=Lal FC,rrds. r.+i th r'e=.tr'icted cir'cui a.ti c'r',

Lutue (19ð2). r,¡hiie åpF¡reriatirrg the a.pplic¡.bi1ii:t cf

ual tÊ¡er''E. Ler¡j trrì-r å I ar'r¡e =.cel, e ! Euch a-=. f c¡-' tr.=nËr¡r'es=.i ue and

rÈE¡pe==iuE sÈQuÊrrcee, ËLiÐ¡fested Lh-+t e¿.ch pàrå,I' lel-i¡-shune

t'ei t! F,å.r'ticiilar 1,--r the 
=.Lr.F, 

r'atidal ar¡ d inter'Lida. I , i'=

clr.:rr¿.:ter'ized t'v micnofacie= that miqr'ate para.iiel t¡ fhe

úr,tËi-'å. 11 Lr'errd 'ff the facie=. beif . In f;.et. i¡-; rnc,der'rr

ca.i-'bnnaie envinonment= of fhe inLenLicìal =¡ne, lithofacies.

r,ccLrr' rr'r-rËFr1,J F, erFendicr-rIar' fc' the s.har'eiir¡ e r'åtFr er trr a'i¡

F,,rr-'a.1iei t¡ it (Shinn et å.1 ., 1Fó?), This msdel af a. ridal

fla.t eúffrplex is a1s¡ anpiica.t'1e LË'tlre r'¡ck=. nÍ tFr e stu.C'-¡

d.t-H d .

ThE =tüdH ei'ee i:. cirar'acter'ized t,,--l TFre litira{ecie=

h.ir.'irrË e:rtrep;rÈI'-r ,,¡ar'iable distribution aird thic!.nt==. iFiqs.,

13 {Ea.ck Fock.e t) ; 1:l I . f,c,rrs.eqLrÊrr à1'_-.l, ,je f,ai l ed ctr,r'r'e l ati r'rr

becomes difficult. The thirk a1çal facie=, r..;hich h.:s heen

fc'tt¡rd in a. lI s.tr-tdied dril1 cc'r-Ég-r Etrl-r':.r"itr-Lte=. tFr e irråin rc,c.l,.

tHFie of the itrferned tidal flat compler.

thin and sF,år':-.e dÉr,'ei,:pmer' T.

The r;a.r'iaÈri. litc cf di=.tr'iL'üLioir and Lhickire=.s of the

lifFr afa¡ie=. i:- indiee.tiue sf the eFhen¡era1 rr .1 tlir'É Ê¡f the

environment, Lobue (1FEZi nelated this ephemeralitlt Lo:

1. Ver'H actiue fidal cFranrrels'

t-. VerH shallor¡r depositional slope.

Ûther facies 
=.fr 

L1r.j
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TFrÊg.Ê tr.,,rs f ac tor'=. r¡rou. 1d ai 1ot.; srn'ii 1 { I r-rc tuat i ':'trs irr r'e I ati ue

seå Iet¡eI to càuse extensiue phg=ioçtr'aphic chanqEE locaii:¡

çrivirr ç ris.e tc a d'Jnamic depc-''=.if,isneI gg='Lenr in the ='fud'--¡

ãFeå.



3.1 Introduction

Two points of uiew exist

the term " di aqenesi s" (Lansen
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CHAF'TER 3

DIAËEIIESIS

sehac, I def irres di ag¡enes.i s ås enrbr'ac inq al I F hcsi cachemi cs. I ,

bischemical and phuEical p¡-ocesEes that modifg sedinients at

lour¡ temperatune and Fr'esELrr'e cFråråcter'istic of nesr'-Eur'face

env i ronmen t dur ing the time Epan be tween in i Li aI deposi ti on

and Iithification. The other view r'egands. diaç¡erresis å.s

incanporating all proceEEeE ineluding postlithificatioir ones

that chançie sediments Lrp to the point of the commencement sf

meLamonphism. In the Fpesent studg the IattEn sense of the

ter'n¡ has been faken.

ernc'nq geol ogi stE. in def in inq

& Chillinger'' L?87>. One

Ma.i or diagenetic Frc'cÊs.!-ês oFepafiue

are presented in the fr:Ilor.*ring Eections.

3.?, Bi ol oqi cal Di aqenesi s

Ean ing endol i th i c al gae and fungi , and bunrou-rino

tr'qå.niEms å.pe instrumental in bringing at'c'ut biologicai

diagenesis. The r-esulting features åFÊ micnitization and

sparmi er'i ti zati on, and bunr'ows r'eEpec ti ue I H,

3.2,I Micri tization
bli croorgan i sms such åE endai i th i c aI gae and fungi ,

eEpeciallg in tidal zones, bore meinlg into the surfaee of

ll-l tFr e studg areë,
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hisclasts, The nesulting emFttt tinc hor'ehc'les arÉ irrfilled

bg micnitic aragonite and hi-oh-magnesian caicite affer the

death of the srganisms. The exact procÉs.=' of fhiE infillirrg

is not &.nown. Aecording to Eathurst (L97é, p. 3ó4)

sedimentaticn irrts Lhose bor'ehoies (6 pm diameter) is

unlikelC, and hence pFecipitation is pnot,ablg t,he mechaniErn.

The F,reeipitation of micritic ar'agorrite crF Frigh-rfråQÍres.ian

calcite in the micro-tube is belieued to occnr in a special

pFrgsi cc'-chemi cal enuir'onr¡errf charåcteri zed bH :-ea r^Jå.ter'

enniched in onganic compoundE releaEed durin-o t'acter'ial

decomposi ti sn of al gae or' fungi . Mi cr i ti zaLi on cån al so

occnr bC micrite calcification of the orgånisms Pespongible

f sn Ë'or inçr (Hc'h1uck and Ei =.Þ., Lî77 ) aE r¡re I I år. borewal I

alLenations caused bg recngstallization iLJindl+all' 19ó8;

Herrdai I and Ski Fr*ri th, 1t'ó9) .

The aLir¡ue phenomenon , knonrn as mi cn i ti zati on r i E

pnotablu temç,er'ature-dependent (C;unati lak.r, 197¿'i . It is

presentlg taking place in m.s.rine phnea.tic zone (Longmanr

I lE;tJ ) .

Micnitization iakes place centripeta.l I'J. Micr'ite

coatings anound the gnains resu.l ts f nom incomp I e te

micri tizetion (EathurEt r'/..?6&> | r¡henea=. cornpletel!¡ rnicri tized

gnains possess nû traces of skeietal micnosl;ructun€ and mag

beceme r.ounded or' sLrbr.c,nnded tc te c¿riled pelc'ids (Swincha.tt,

1Fó5). In the studg àrea this pr'lceE= må.inIg qaue niEe to

completel g mier'i tized bioclasfs'
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3, e,2 Sparmi cn i ti zati on

Hahle (1977) fir.st described àn ear.iU

in de tai I u.rherebg spar-pg cal c i te cemen t i s

micnite bH degra.ding Fecr-trstallizstic,n, and

sptsFmi cr i ti zati on fon i t.
É¡ceor'dinq to Kahie, minor spanmicni tizatiorr is. cau=.e,J h,J

micrite calcifieation of endorithic argae ÐF fungi. rn bu

micnite pFecipitation into the ernplg hor.inqs after the death
of the ongè,nisms. Mogt s'anmicri tization, hor,^reuÊp ! occurs ås
å nesult of micr.itization bC t,or.er¡,¡aIi alteration. It is å

dissoluLion-pnecipi tation phenomenDn u;henebg dissolution of
sFarr'g caicite cÈment takes place r^rif,h c$ncornitant
pnec i p i tati sn of mi cn i te . The reqr-ri si tes fon such

sF ar'nri cr.i ti zati an å.nÈ:

1. Slow hut steadg flour sf epolrndwaLEn.

2,. Gr.c,undr¡ater- enr.iched in orqanic matter. Feleased b,J

the bacter'iar decomposition of aigae op fuirgi.
Accor'dinq to Hahre (r?7Tt, EFar.micnitizatiorr can occu.

in vadose a.s r¡eil as in marine diagenetic environments and is
mûr'Ê csnrmon than Freuions. Ig realized becau=.e of :

1. Small size of algal and fung;.Ì endoliths.
'¿. The endol i ths wÊpÊ be r i eued to hp ne_..tr.i c ted tc,

allochems (e.g. Bathunst, lgó6),
rn the studg å,rea, spar'rnicnitization i=. c,È,=.er.ved in tFre

algal facie=, and is belier.¡ed to hare taken pla.ce in Lhe

uadsge zc¡ne ås equent carcite filling feneEtnae and

desiccation voids has been sparmicnitizerJ (prate 2,7-àj.

di aqene ti c pr.ûeÊ=.3

conuer Led in to

coined the ter.m
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3,2.3 Bunn*¡inq

Bunrs¡¡E are onlg observed in the pseudostrsnata

subf ac I es. Burrurring i s an ear I c di agene ti c pt*ocess that

honogenizes the sediments, and is caused bc mud-eating and

gFezing organisrns (e.9., r¡¡orms, mollushs) in thein seanch for
food and pnotection,

In the drill cores, tubulan sediment f¡lled structuneE

differing in colon frsn the adjacent sediment were

interpneted as burrows (Plate I t-A). These burrs¡¡s shq¡¡

orientations which al.e dsninantlg vertical (Plate l1-E),
trJpical fon bunro*¡s that develop in partlv lithified
intertidal sediments, as opposed to horizontal orientations
characteristicallc found in subtidal sediments (Freg in
Penkins , l?71, quoted bc tJi l son ¡ 1975, p . 84) .

3.3 themical Dl¡qcncEls

Chemical diagenesis incorponates the majoritg of

diagenetic Froces=,es observed in the MC-3a beds. These

processes are : cal c i te cemen tati on , necrîor*ph i sm, formati on of

dolomite, anhudrite, and other authigenic minenals, leaching,

and pressure solution.

3.3.1 Calci te Crmentetion

Cementatitrn is the formation of neu¡ crgstals into pre-

existing uoids of eng oPigin.
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ïn the studg ar-eå, calcite cernent, whicËr is of ee.rIH

diaçenetic onigin (see section-3.3.1.3), has been obsenued to

be c¡ne sf the por'ositg neducers as well å.s the principal

conLributon to lithification. The laf,ten a.ttribute is

FeEponsible for' presenvation of sc'rne pr'imarg paros.itg in u.i el,r

of the fa.ct that atherwise the nock-framewoFk r¡ou.Id ha.ve

collapsed giuing r-ise to nsn-Fo¡*olrs nockE under. hurial

condifioirs' In the studu å.neå. cements prÊcipitated frorn toLh

mar'ine water and fr'e=.hr¡ater h¡.ve heen ot,=.er.ved.

3.3. I . I Man ine Cemen t

Fit,r'ou=' a.raqani te (later neûmsFphosed into radiaxial

calcite) and high-Mg micnitic cement (le.ten neomonphosEd inta

micritic caleite cement) ar-e the tr,,.¡o tupes of mar'ine cements.

Radiaxial calcite cement-.. tPl¿.tes 16-E; Z7-E; ZE-A) have

heeit ot'served in tFre vadolite facies and triocla=.tic

gra.instone fac i es. These inc I usi on-r i ch cemen ts. are

char'aeterized Ë,9 hladed nronpFr c¡lrçr'J, aligrrnrent of c-axis

penpendi cul ar' to the porÈ-boundanu, and undul ose ex tinc ti on .

These cements å.r.e belier.¡ed to pet¡r.esent a neornrr.phic

alteration pnoduct of a fibnoLr,E FreeuFEor- (HendaIl s: Tu.cken,

I97'i). TFre precur'sc're were araqonite fitres (A=.sereto and

Folk, L976) which had É,een suhjeeted ts åggr-adin.¡

rÊcrgstallization in hCF,ersaline r¡raters (Ha.hle, L?74J. TheEe

cements haue been intenpneted to correspond to ciffenent

sut'env i nonmen ts:

I . Marine phneatic, and



7,. Þ4ar'irre vadúse.

The high-Mq micriLic calcite, Ëror,,rle(/en' has fonmed in the

ve.dose marine zone and is found onlg in the vadolite facieE.

3,3.1 .1.1 Manine Phreatic Cement

This cement is fsund onlg in bioclasfic grainEtone

forming a minor. pÊrcenteqe of the over'aIl cÊff¡ent cc'nrpc¡nÊT-r t of

the facies. The phnea.tic onigin iE inferned bc the unifornr

( i sap¿.cFrou!-) di =.tri Eutian ãFoltrrd the ptr-etrral I (F I ate ZS-låi,

It tccu.ns in the intraparticle pePeE sf the bioclasts..

e,E.¡ Ê¡r-!¡ozEiã. I for'aminifera. The cau=.e af the Faucitg of

th i s cemen t ma.g be exF I ained bc:

1. Later fnesFrwater' leaching t^rfrich leaues onltJ the

srnaller intnapaFticle Fiot-ÈE (PIafe ZÐ-ê). and¡'ot'

Z. hlaten chemistng of the ppecipiteti'r-rg fluid hauitrg

inh i bi tons (Longmàn r 1 FS0 ) .

t,<

3.3, l.L.Z, VadoEe Marine Cement

Vadose marine cement deueloped onlg in ttre uadal i tp

frcies. Ae discussed in =.ection Z.'¿.2, the vadolite facie=.

is principal lH formed in vadose marine enuinonmenL, this

facies fc,nmed nrair¡ 1H bH the åcct-etionar-'J gr'ou,tfFr of

al ternating Iaminae of high-Hg micni tic ca.lci te i laLen

reeFgstallized into mienific ealcite), and 5p.3.rFg laminte of

fi brous aragon i te ( I ater inuen ted in to radi ax i al cal c i fe )

tPl ate l7-Êt) .

In the vadolite faeies r'adiaxiai calcite mo=.aic ha=. als.o
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been found fonming microstalactitic cement (prate l6).

3.3.1 .2 Freshw¡tcn Cement

3.3. l .Z.l Fneshwater V¡dose Ccment

The main vadose cement tgpe is the meniscus cement of
Dunham <1971>. It developed onlg in the bioclastic
gnainstone facies (Plate zz-B¡ zB-B) and is chanacterized bc

patchg habit of uneven cementationr âs opposed to
isopachous,/even cementation characteristic of the phreatic
zone' The cement preferentiallg developed in srnall-scale
pores as opposed to easilg dnained large ones. 6rain contact
cement is abundant, and shou¡s poFe rounding character,
especiat lc in the wel l-developed smal l-scale Fore Ereas.

The cements ane conposed of blochu, rathen than acicular
crgstals (Plate Z?r. This is In egreement wit,h the

morphologu of the uadose cement produced in a simulated

enviFonment in the laboratoFc b'J Thorstenson et al. (lg7l>.
Fneshn¡aten vadose cements ðre chanacteristicallg csnpoEed of
blunted crgstals due to the fact that the water-air interface
cauEes undernounishment of the cpgstal tips (Dunham, lg7t).
rn the studg årea, holeuer, the cements shoùr sharp crHstal
feees. rf uadose cement is placed in the phreatic zone

euhednal crgstal faces will form on the ppeviouslC blunted
crsstal (Dunham, l97lr, Accondinglcr it is liftel'J that the

obsenved sharp tenmination of the vadose cement grew in the

succeeding phneatic zone.

The other tupe of freshwater uadose cement ie micritic



cål c i te wh i ch forms

18-A). This cement

napid pnecipi tation

3.3. | .'¿.'¿ Ssntaxial 0venonor¡th

Sgntaxial ouepgrourth is commsnlg found

t-4t

pan t oS the vadol i te fae i es

is capable of forming as a

in th i s enu i ¡-onmen t (Fol k,

grainstnne facies ehar.acteristical lg develaped ar.ound

ech inodermal f naqmen tg (Fl ates 27,-E.z Z? j . Th i s cernen t

tcpical c'f fr'e=.hwater phreatic envirorrff¡Ênt. Sgrrtaxi a1

ouÊt*çtror^rLh, whene present, fills lanqe proporLions of the

FoFe=. - r¡hieh is sLrggestiue of its faster. gr-ûu.,th. The rapid

rate of qr'owth of this cement is ma.inlg due to the lanqe

er'gstaI nuclens (echinodermal fr.aqnrent) aFcund which it

prec i p i tates in op ti cal con tinui tg (Longman , 1 Pgû ) .

(Pl aLes 17-E:

resul t of

L?74> .

3.3, I .2.3 Equan t Cemen t

Equant cement deueloped mainlg in Lhe fenestrae and

desiccation er's.ck:. of the strornatolite and ps.er-rdas.tr-omata

gubfacies (PIate 30-A). A minor arnoLrni. of it is also found

tn

in the bioclaE.tie gnainstone facie=.. This F¡tr,r8 filling

cemenf shows coansening tswand the centre of the pone (FIate

3tl-A) t¡tFricF¡ is char'acter'is,tic c'f earlg fre=.hr¡.rater phneatic

diagenesis (Longmån r 1980),

the bioclastic

tg

3.3. I .l+ Timinc of Cemen t,ati on

Alt the calcite cemenLs obserued in the studg apeà are

pnodue ts of eer.l -q di agenesi s bef or.e hur i al . In the
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binclaEtic Qnainstone faeies the meniscLrE cËmËiìt is found to
he enc I osed bg srrn tax i al oueFgrüwths wh i ch , in turn , are

enclosed bc equant calci te cement (Flate zgi. Hence, the

meniEcns cement is infer.red tc, Ê,e first to ppecipitat.e,

followed bH sgntaxial ovengr.owth, and finallc Èguant calcite.
No br'eak has been obser-ued in th i s fres.hwa.ter. c€rrrÉn t
stna.tigraphc.

The rnar'ine gFrr'eatic cement, hor,,.rever.r is leached and tFr en

oveplain bc eqr-rå.nt caleite cefûent (plate gû_E). This
ot'ser'ued hreak in the cÉment stratiçraFhc r¡ith marirre

phreatic cement belo¡¡ and fneshwaten cemênt aboue is
sligqestiue c'f earlien qnowth of the fc,r.men.

The mar ine ve.dose eemen t as r¡e I I å.s f r-eshulater vadose

micr'itic eÊmÊnt fsr.rninq tF¡ e vadc, lite facie=. pr.e=.umahlg

deue I oped ear I g in the di aqene ti c h i stonu.

'r.?.2 Neomonsh i sm

Folk (iFé5, p. ?l> defined neÐmorphism å.s:

"åIl tr'ansformation between ene nrirreral and it=etf
on å pr:l gmonph - r¡he ther' inuensi on on Fecncstal I i -
zafion, wFretF¡er. the new cr. llEtals ar.e larqep c,F.

smallen on simplg differ in shaFe fr.sm the FFevious
CrfleS. n

A number of neomonphic changes ape identified in the stltdu
ånea.

Eor'ewall alter'ation associated r,.rith micr.itization is. å

nÈomùFph i c process that occunned inrrnedi ate I c af ter deDursi ti on
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r'{herr the sedimentE u,eFe stirl in the mar.ine phr.eatie
enuironment- tJith the aduent of fnesh¡¡ater phnea.tic
enuinc'nment, invension af aragonite that srlr.vived reachinç¡ ,

åF¡d l.ecFustaltization of high_rnaenesian calcite gåue nisE to
ealcite es. the nermc¡r.phic pr.oduct.

As the f neshLuaten phneati c env i ¡-onmeiì t con Linued EomÊ

micnite sr-rffered aggrading neomor.phisrn. This åggr.adinçi
neÐmol-Fhism is sFàrrsÊ, and developed mainlr¡ in the a.lgai
grains- ccnver'ting the nricrite calcified argar firå.ment inttr
micnosFaF (4 rü pm) with some pseudospan () tû pm) (prate
5-A)' However'r alt hr'gozoan fr'aqnrents that ar.e present as a

minsr cÐmpûnÊnt of biocrastic gnainslone a.e eonuentpd into
mi cr'úsF ar wi th súrre psendes.par due to th i s agqr.ading
neomopphism (plate A4_A).

observed in the algal facies
dlte tc degnading neoffropphism

cerneììt into micrite. This is

Eor.ewal I al ter.ati c,n asgc,c i a.ted

the fr-esht¡ater. vadcse environrïrent sr_teceedinq the fr.eghr¡ater.
phreatie one eanlg in the diaqenetic histong.

Aggrading neomcrnphisnr of eanl,J manine f ibr.ous araqoni te
cement in a h,Jpersarine enuiF'nment hnought about the
fonmati on of radi ax i al car c i fe eÊmÊn t (pr ate z7_EJ . The
precise time of the aggnading neomoFphism eiuing nise to
nadiaxial carcite is not documented in the riteratur.e.
Hendall and rucken (rgz3), on petroçraphic gnounds, s*specLe,J
that this trangfonmation "occur-Fed at sc,me (penhaps

iPl ate

¡¡hich

r.rri th spar.rr icri tizatic,n

Z7-A) is inferned to be

eonuer.tE ÊqLrå.nt calei te

believed to haue occunned in
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3.3.3

3.3.3.1
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time efter burial

The altered zone, i.ê., the zone of cornplete dorqniti-
zation with anhgdrite bands, occuns where the Mississippian
subcrop is overlain bg Junassic tJatnous Red Beds on
euaporites (Kendalr, rg25). This zone deveroped i¡rmediaterg
belor¡ the Mississippian unconfonmitg which constitutes an
effective caprock that can be readilg identified on logs bg a
lu¡r sonic reading (interv*l trangit time, /T) as welr as e
high resistivitc kick irmediatelg belq¡¡ the Jurassie *nananth
Red Beds.

Fuller (l?5óa, b), Fuzess (19ó0, 196é), Martin (l?éé,
and MiIlen (r?72> berieved that the altered zone is
geneticar lg related to the Hississippian unconformi tg
(Fig'-t¿14). Eq¡reue'*, Kendall (rgzs) considers their
hupothesis inadequate es it faits to explain the thickness
pattern of the altened zone as well as the deveropment of the
zone under Llatrous couer. onlr¿.

Mccabe (rgsg) found that there exists an inverse
relationship in southwestern Þranitoba betr^¡een the altered
zone thickness and the thicrtness of Jurassic anaranth Red
Beds. This nelationship is observed to be varid in the studg
å,ree. The sårne relationship has been observed bg HcCamis
(1958, quoted bg Kendall, r??s) in the Hisgissippian suÞcrop
region of neighboring saskatchewan. Ee arso noted that the

Fonmation of Dolqnite rnd Anhudrite
Formetlor¡ of êl tened Zsne

of the sediment',



Fig. t4 Diagramatic nonth-south seetions thnough south-
eastern Saskatchewan illustnating vanious

hgpotheses suqgested fon the origin of the

al tered zone. (Fnqn Kendal I , I?ZS> .

51

Fis. ts Stabilits fields of gspsum and anhgdrite at
101.3 KPa total FreEsur*Ê. (Fnqn Bernen , lg?1,

after Eardie, l?é7,.

Fig' ló stabititc fields of gspsum (G) and anhsdrite (A)

as a function of temperatune and pressune. The

G-â curves with negative slope correspond to
cases where pressure on the solutes is litho_
static and that on the gurrounding water is
hgdrostatic, The G-A curves with positive slope

is for the pure lithostatic situatior¡. The

geothenmal gradient is Grand saline Dsne, Texas.
(Frqn Bennen, l?Zl, af ten l.leDonald, lg5g, and

Bandie, t?é7) .
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altered zone was absent begond the limit of lJatrous

Fonmation. McCamis postulated that the fonmation of the

altered zone postdated Èhe deposition of red beds, It

occurred contemporaneous with üpper [Jatrous (lJatrous

Evaporite) deposition when Mg++ and CaSOç-rich brine

pencolated through the red heds into the uppermost

Mi ssi ssi pp i an carbonates (Fi g. -t 418) .

Kendal I ( 1975) geve the poin ts against the dou¡nward

percolation hupothesis of Beng (195é) and McCamig (1958):

1. lJatrous Red Beds are not permeable enough for

the do¡¡nwand percolation of bnine suggested for

al tenation.

?,. Downward pencolation of bnine would have

convented the uppermost ltlississippian

canbsnates into an impenmeable supenficial

lauer which rrrould prevent further alteration.

3. The thick altered zone in the Eroadviet+ aFea

(McCami s' studg area) ref I ec ts con tac t t¡li th

brine derived fnorn belq¡¡ rather than frqn above.

Hendall (1975) himself developed å hspothesis for the

formation of this altered zone (Fig.-14C)" According to thiE

hgpothesis groundu¡ater carnging the ions required fon the

formation of the altered zone originated duning or after the

üJatnous deposition in the mone centnal portion of the

tJi I I i ston Basin . These grounderaters wene dn i ven out bg

cornpaction and u¡ere fonced b'J the impermeable lJatrous red

beds to flGr northwand beneath the ÞlisEissippian
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These qPoundwaters

MississiPP i an sedimen ts

ned t,eds and tFre Ior,uen impePmeable Eakkan For'mstisn qåvÉ ni=e

tû Lh i cker aI tered zones '

Hendal I , s. (L?7=) hcpothesi =. seems to be mr-rst I c'qi ca'I irr

deal ing wi th fhe çetre=i s of al tered zones in the

Hissi==.ippian sut,crop reqion of tJllli='Lan Ba=in' Hc'r¡euÉr'I in

uiew sf the facL that in soulhweste¡'n t'!anitot'a red beds ere

quite Frr.tr,uE (HarrEerr, Fersc,rr a1 conrmunication, 1994)t the

hgFtLhesisofpercolationofhupensalinebrinefr.oniab(jueis

t,elievedtc,heamajoncomFoneÏ|t.fonthefor.rrratic.r¡c.ftFre

altered zone in the studc aFea'

The Fr.eEence c,f ir'neçrular'patche!-r bleb'=' ar¡d strinqÊr'E

of dolcmite in anhgdnite bands iplate 31), the occLr,Frentre of

replecement anhudriLe (Ftate ã2-A) t and the fr'aeture

inf i I I ing of anhgdr i te (Pl ate 3?-Bi in the dol omi Li c matn i x

clear'1g demangtnate tËrat dolorrri tization pne-dated

ai-¡hgdr i ti zati on .

tra.pped trri th in the nor thward th inn inç¡

between uPper' ot/ersteÞp ing lJatrous

3.3, -J. Z TgPes of Dol omi te

InthestudgareadolomiLemagbedividedintoft"ro

cateqsries:

1. MicroeFgsLalline

bdi cr'c'er'9ÉtaI I ine

facies helow the

åE di ffuse smal I

dol omi te :

dolomite is obser'ued in aIl

alLered zone. It deuelsPed

scale patches within the
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rni cl*ocpgstal I ine cal e i te fonminq L,sth mi cr i ti zed

grains (Pl ate Zl-E) and carË'ona.te mud (Pl ate

33-A) aE u.rell as an intimate mixture r¡rith

mi erûeFHstaI I ine cal c i te (Pl ate :{3-E) .

2,. Intrstal I ine dolomi te :

å. Dintg dolomi te rhomhs.:

TheEe f ine l,J to medi um cFgEtal I ine rhombs ål*Ê

character'ized bH inelusisns crf black insc'lut,le

nesi due ä.s much as 2,t7, of the cngsLal E and

åFFÈår bra¡¡rnish r-tnden microscc¡Fe (FIate 34-A).

The extinction is not sharpl Eome rhombs shot^t

di=cernihle zoning wi th nt apparent charrqe in

dirtinesg (Plate 34). XenoLopic to hçpidioLopic

fight inter'lÊ'ck af these rhonrt,s (Plate :{4*A)

that pesul ted from the aduancemÊn t c'f dol omi ti -

zation trÊlrÊ¡rr d the F,tr'irr t of cnE¡stal inhiÊ'itiont

consti tute the al tered zoììÈ ' Thes-e ct-HEtal I ine

dolamites alsa oceur' constitr-rtinq Erar't af

sca.ttened clustens af nhombs (PIate iS-A) a.s

well as. dispersed indiuidr-tals in LFre matr'ix of

micnocrHEta.lline calcite r¡ith some smaII-scale

patches of mier'ocrgstallirre dalorrrite irr the

seetion below the aÌteneC zoìrÊ (PIate 34-Bi.

Here the r'honrbs åEsume euhednal =-FråEe 
(Plate

34-B) . Howeue¡' , fhe quå.n ti tH of th i s tgpe

decneases r^¡ith the increàse in depti¡ belot¡

the al tered zone.
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t', Limp i d dol omi te rhombs:

Inthesectionsbelor¡thealteredzclnerclear

u¡hite sFaFFg limpid dolonrite r'hcrmhs ÚcctJt* aE do

the dirtc ones (Plate 35-B). The quantitc of

these cr.HStal I ine dol omi te, É¡owever', increas.es

with the incneaEe in the depth below the

c,

aI ter'ed zone.

Inc i p i en t dol omi te Fhombs:

These dolcmite r'homhs ê.Fe characterized bc veFg

faint, neanlrJ imperceptibte extinction and vePg

'gr'anttlar' apFearance (PIates 33-A; 35-E; 3ó-A)'

Thec ane alr¡ass asEociated with mienocrgstalline

doi ami te uri th t'oth of thern he inqr bor-inded bC

rhombic outline. Mattes and b{ou-ntiog (198tt)

neported this. tHpe c,f dolsn¡ite and named it

"moËð.ic doIomite".

3.3.3.3 Fonmation of Dolomite

b,li crc¡crgstal i in i tc of dol omi Le i s charac ter i sti c of

pr.imang sF Fenecontempor'å.nec¡us dolonr ite such aE crecLtr'€' at

prpEent in csor.ong La.qoon, Pensian Gulf , Eahama Banks.

[:c,nsequentlg, tire micrQcr'gstaIlirre dolcnrite irr tFI e stLtdU ar'eå

is thouqht ta be a ueng eanlg pnoduct'

The tu*rc most commorrlrJ aecept'ed wegc of fsr'minq dolornifet

suggesf ed bg Foi k and Land ( 1F75) r ar-e :

1a. Sahkha model.

i. SuPratidal floading' or
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ii. Euaparatiue Pur¡'rping; or'

b. Seepage reflux '

Za. Nean-sur face env i ronmen t chaFac ter i zed bc

h,Jpen-saline brines subiect ts peniodic mixing

wi th freshweter' the Echizc'ha1 ine enuir'oÌ-rm€rrt;

b. Mixing of Ehallow-subsunface hichls saline

brine with fres.Fr ¡¡rater'ì

c . Mi x ing of nonmal sear¡ater Ð¡- i ts conn¿'te

eqr-rivalent r.,rith nrÊteonic ¡¡later'ï and

d. Mg-punging bs meteoric waten from Mq-calci te

duning ear'lt¡ diagenes.i s.

Dolomite is also betieved to be preeipitating direcLlLr

fr.om hHF,erEaIine Iakes, e.Q. r Coor'onq år'Êa Sc'uth åu=tr'alia

(uon der Eorch ef å1., 19ó4).

In tFre studH aFeå., the textutnal Pr'c,F,er'tg sf the ÞenÈ-

coi'itempora,neoLr.E dolomite, i.e., the diffuse errìall scale

patclrÊt rrrithin the r'icrÊcr.gstsrlline ca.lcite is sL(qges.live of

M-q-punç¡ing as the pnincipal mechairignr of fonnration.

eåeeor.dirrg ta SteFrli & Hower' (1?é1)! Lrr¡conEc'lida.ted mixtur'es.

of anagoni te and high-b{q calci te give rise to eemented

lirnesLc,ne cÐmDc'sed af lor,rr-magnesiar¡ calcite havinçr lacal

concenLr-ations of dolomite. Folk and Land (1975) recogrìized

the for.nration of n¡inc'r- amsLtnts af dalomite confined ta F1g-

calcite allochems oF Lhei¡ intennal ÞBr'e5. Hor¡euer'r the

infer'red fc,r'mation oI vadolite dietates the pnincipal

meehanism fon this facies to be schizohal ine.

The incipient dolomite r'hombE Pecognized bc Mattes and
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Mountioc (1P80) ("mosaic dolomite") uras intenpreted to be

secondarUr.eplacementdolomitebecauseofitsgbserved

ineonsi stencg wi th penecon LempoFåneous dol omi te on

qeoci¡emi cal graund=. Er-tt geochemi cal dat¿' al one i s not

enoughtoconfinmthegenesisofådolomite.Accondingto

Land ( 1?gtt) r a.nc i errf dol omi Les are qÊochemi cal I c ver'g

different from Lhein modenn analogs'

Fetr-.ographic s.tLtdH r.eveals that all FosEitrle gradaticr¡e'

exigt amoìrg micnocngstalline dolomite' ineipient dolomite

nhornbs. and dolc,nrite rhamhs (both dintc and limpid) (PIafes

35-Bi3ó-Ê1)agl¡ellasbet¡¡eenmicnocFHgtallinecalciteand

dolorrriLe nF¡on¡bs (h,oth dirtc and limpid) (Flates 35-E; 3d-Ai'

Hence,theinferredprocÊsseEaFenÊomoPphisniofmicro-

crrgstalline dalomite to dolomite r'homt's via irrcipienL

dolomiteandseeondargreplacementofmicrocrHstalline

calcite to dslcrniLe nhcrmbs resEectivelH'

I,Jit,hnegandtoneomorphismofmicrocrgstaliinedolomiLe

itiE'åE.lil.-elctcÚceura-Þr.eplacefÏ|Êntofnormalmar.ine

carbonateinalaterdiageneticrealm(Land.l9Bti'

Alorrg stclc,lites and qr'ain contact sutuneE mosaic= o{.

f inelc crgstal I ine dintc to clear' euhedr'al dÚIomi te rhombs

Fr ä.vÊ Ê,eerr ohser-ved. In tFre nraior'itg c,f nock tgpes, tF¡e

pFeEenceofalargeamountofdolomiLerhomb=elser¡herein

ther.ocksugçres.tsthatthefc'rmatignofdolc'mitewas

independenf of these ÞFessure solution featunes'

Accordingl u ¡ dol omi tes al ong pres.EunE sol ttti ar¡ f eatunes

(PIate 3ó-B) haue been infenned as å eumulate productt i'e't
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i,e., fsrmed alon,t Lhese sur.faces during pFegsur'e solution.

Hor¡euer! irr the str'omatolitic and p:-eltdoetr'onrata subfacie=t

where overall the åmsunt of dolomiLe rhombs iE usuallg verg

lor,,.r, å large åmrlLrnt of dslsmite nhomË,s has. been obs'enved

adjacent to Etglolites, This is Iikelc to tre a reactate'

Accor.ding to LJarrles.=. (197?) the rnagnes'iun¡ FeqLtined for' tFri:-

tcpe of dolomitization is of laca.l onigin' zençteP aì-ìd Dunham

(19g1-l), hi-rwevÉr, called for fur'ther Le=tirrg of this

hupsthesis'

úr, Iumite ir¡ thiE studg lrå=. also been fc,und to Fråve

formed par.tialls (PIate 37-A) o|- eomPletelg (F1a.te 3F-E) bc

FeFlacing calcite Cemerrt. It alss occtlr'E as late Fc¡r'É lining

cemÊn t (FI ate 38-Ai .

frclamitization in the cc'r'es of t,his s'tud'J is FtÊr'uåEivÊ

aE oppcse,J ta fahric selective' This mag be becau'se of

ïr ec¡mor.phic cÊ'rr trihutic,n c'f the Frerr econtempsr'ã'nec¡Ltå

mieroeFgsta.lline dalc,rnite. A signifieant arnount of

er.g=.talline dc,lornite wås far'rned bH the neGnrtf-phisrn of

mi crGcrgstal I ine dol on¡i te . These dol omi te rhonrbs haue Lhe

di=.per.sed dis.tr'ibution of their pFÊeL¡.r'3Gr's (='ee seeti¡r¡-

3.3.3.2> .

In liç¡ht of the at,crue dis.cusEion fc'r'mation of dc'lornite

in the studg aFeå. iE belieued to have taken pla.ce bc the

fol I or¡inq FF0ceEEes. :

I' PenecontemÞ'rt*åïreoLts nepla'cemeri t to fonm micra-

cI-gELallinedolomiter¡hichlaterunderwent
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nÊomcr.phism giving r'ise to cFgÊ.Lalline dolomite.

?,.$econdarHneplacementbchcPensalinehr.inesthat

bnoughtaboutthefcrmatic'nofanalteredzone.

This pt-oceES consLitutes the prineipal phase of

dc, lsmitizatic,n in the st¡-tdH aFeå, and is

reEponsible fon the formation of atl dolomites

in the alter.ed zone together.with ãÛme t'eiow it.

3. Secandang replacemÈnt du.e to mixing of the near-

Eur'face r^tater' r¡i f,Fr hcper'sal ine t'r'irre trecaus'e r å9

sugqested bc Fol h and Land ( 1F75) , di I ute wa.ter

is necesgarg for tFre far'matisn of limpid dclornite.

This probablg has taken place since the

COrfimencefftent C'f CensZAiC erC'=.i On .

4. secondarg replåcÊmÊnt due to pnesEur'e Eolution

t^lhich i= r'eEEons.it,le for tFre for'ma'tian of a

minor åmount of dolomite along somÊ of the

stHloliLe=-'

3.3.3.4 Tspes of Anhsdni te

Arr hgdrite Wâ.s. ot,=er'ved in the alter'ed zone as uJell åE in

the rest of the secLion belor¡ it. Primarilg there a¡e tr¡a

tgpes af arrËrgdrite:

1. Ër.eg white (Plates 12-A; 31-A).

Z, Ër'own colcr'ed (Plate 7-E)'

The gpeU urh i te anhgdr'i te can f ur then be di v i ded in to tt¡o

tupes on the baEis c¡f their c'ccunFence ås:
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å.. Bands of anhgdni te (PIate 31 ) '

t.' Vaid-fitling anhgdr'ite (Flates 3.¿-E; 3s-E; 39-A).

The bnor¡rn anhgdrite mag also be diuided into tr¡ro categorie=:

a.XenotopictohHP¡diotc'pic(Flates??_Ê;40-A).

b, Poi ki I otoP i c (Pl ates 3?-ê; 4Û-E)

The gr.eg wh i te bands of anhgdr i te af-Ê r'esLr i c ted tc' tFre

al tened zûne onlg, trrheFÊas Lhe oLhers occul- throughout the

=.ection in the stltdH ar'ee.

Trair=lucent greg r¡hite bands sf anhudnite bounded t'u

r¡.relI defined, mc'r'Ê or' les.s par'alie1 gide=' å=' mLtch as 39 trrfr

th i ck rtrcer-r.r in the al tered zone . These bands àPe inf err-ed to

t,e cluEtered nadules Fraving displacement or- eoff¡Fractional

or i gin in a host nock r.*rher.e indi v i dual nudul e-q had been

sqLteezed aga.inst one anc'tfrer'.

AIthouç¡h this anhgdrite ig nelatirrelg free frcrn

cart,onate mater'ial, ir'r'equtlar patches, hlebs, and strinqer's'

of host dol onii te (PI ate 31-E) have beetr f ound Lo " f I GeL" iir

i t Euqqes.tinçr nodul ar. gnowth. Tlri E fno--ai c nodnl ar' anhudr i Te

shor^Js chara.cteristic tightlg infenlocking fabric of needle-

like to tutular'crgstals' (PIate 31-E)'

Hor¡euerr this tgpe of anhgdnite grades into replacernent

t,HpÉ alsnq its margin witFr hcs't dc'lc'rrrite'

void-fiIIing translucent gl*eH white anh-qdf ite i=- fonnd

mainIg irr fr'actur'es as ìÀreII å'5 in moldie Fcrr-ee (FIa'te 4i-A)

and in the I eached stcl ol i tes (Pl aùe 41 -E) ' The anhsdr i Le

cr'H=.Lals sccLtr aE clear' indiuidua.ls iFlate 4t-A) filiing the

pne-existing 5Þàce: howeuen in langer uoids the development
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rf aggr.eçtãtes of clear. tabular cngstals (Plates ?z-E; 3-fi-E;

3F-å) ane al so f ound. The vui d-f i I I in,; anhsdn i te exh i bi ts

tr.ansition tc, replaeement tupe alsnq the nrarqin of the void=''

Murrag(19ó4}definedneplàeemei.ltanhgdriteashauinq

formed r^liLhin the nock and úccLr,[rCing the sFå.trÉ Fr'evicus-lc

oecupie,l bc other minenals and fine pare space' This is ts'

di sgol uti sn-pFec i p i La.Li on phencrmenctn r i . e. , s'in¡ul tanÊc¡u3

dissolution of parent nock and pnecipitaLion af Lhe

ar¡ hgdr.ite. Hor¡ever., the dis=.slution i=' sften inconrplete åË'

sL\qgested bc the ne i i c ts of the rep I aced mater i al . The

ct¡ aracter.istic brsuJn color- is irrpanted l;o the r'epIåcÊtrrÊrr t'

anhH,Jr'ite bc this included material '

Cr.g='ta.lhabitofther'eplåC€ff1Éfitanhcdritei=c'ften

con troi 1e,l bc that of the maten i a'i be ing rep i aced ' Th i s

situatior¡ results. in fhe far'matisn of mainlc xentr¡topic to

hcpidioLopicreplacemÊntanhgdr.itecomposedofct'gstalgr¡hich

shsþJ a1I gr'adation fronr rectanqular ha'hit cfr år'a'cteristic c'f

anhgdr i te to nhombi c habi t pseudomonph i c afLen dol onri te

(Fl ateE 39-Ê; 4Cr-A) . A1 though th i s tCF,Ê of anhsdr'i te i E

found ts replaee bioclasts as noted bH va.rious FeEeå.Fchers

(e.g.,},lunrag,1?ó4)'r.eplacement.ofother.grainsandmatr.ix

as well hae been found.

Paikilotopic replaceff¡ent anF¡gdrite fc'urrd in the s'tud'j

åFee àt-e pnesumablg formed when the ånÉa being replaced ha='

fine pore sFace connected enc'uqh to allow thp qror'uth of

singl e ct gEtaI s. Enc l osed in the poi ki l otapes are marginal l g

eor.r.oded dslamite rhomË,s hauing the s.arfre onder' of .Þize e5
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those of the matnix and patches of matrix (Plate 32-e^> as

well as corroded equant calcite cement (Plate 40-B) (in the

strsnatolite and pseudostnomata gubfacieE), The distribution

of enc I osed mater i al wi th in th i s anhgdr i te shs¡¡s that the

enclosed material is not in three-dimensional contact, and

consequentlc are not capable of forming a Fore-Egstem bg

themselves. Eence, theg are the leftover particleE remaining

within the replðcement anhgdnite. This tcPe of anhgdrite

develops mainlg in the fenestnae of the algal facies whieh

wene eanlier filled with calcite eement and partiallc

(strsnatol ite and pseudostroßrata) oF cdnpletelc (cncFtalgal

I amin i te subfac i es) dol orni ti zed. The reason for th i s fabr i c

selectivitg is probablg due to Èhe fact that the requined

minimum connection of the fine pores is more likelC to be

present in these fenestrae than in the matrix'

3.3,3 .5 Fonmati on of âr¡hsdn i te

The stabilitc of anhsdnite and gupsum is mainlg

controlled bU the tempenature and salinittJ ("""o) (Bennert

l?71>. Fig. l5 shou¡E the stabilit'J fields of anhsdrite and

gupsum as a functisn of temperature and a*"6 r but the

thermodgnamic predictions are not eonsistent with the

exper imen tal resul tg. t'lurrag ( 1964) Fepor ted prec i p i tati on

of g'Jrsum nather than anhcdrite during evaPoFation of

seawater at temperature rånge of 50o - 80oC. Ggpsurn can be

readilg converted to anhgdrite in the ls,boratorgi but even in

the presence of anhgdniÈe seeds direct pnecipitation cannot
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be achieved (Bardie, l9ê7r. Thus gspEum

highlg saline waters.

tn Feaction kinetic Arounds Conleul

concluded that Pnimang pFeeipitation of

improbable becauEe:

l. GsFsum is capable of cngstallizing in itg meta-

stable state.

Z. Activatons pFesent in the Eeawater such aE

Na¡SOe and K¿SOç cåuses inrmediate hudration of

Frec i p i tated anhgdn i te cnsstal I i tes in to ggpsum

at temPeratuFes belcx¡¡ 4Zç8,

In the field also, metastable assemblages of halite and

gHpàum in modern sediments is relativelg cornmon (Phlegert

L?6?>. But, KinEman (19é9) reported anh'Jdrite fnsn the

sabkhas of the Trucial Coast of Arabia which Ehor¡s primarg

anhgdrite in the interstices between pseudornonphic anhgdnite.

Berner ( 1971 ) , hor¡ever , suggested that both of the anhgdr i te

tCpes mentioned b,J Hinsman can be the dehCdnation product of

pr imar i I 'J prec i p i tated 99Fsum '

Most of the ancient evaPorites huried to a considerable

depth are cornposed of anhCdrite rather than ggpsum which is

in egrÊement with thermodgmamic pnedictions' Fig' lé shoters

the stabilitc fields of anhgdrite and gupsum as a function of

tempenature and pressuPe, This figure depicts that the

intersection between the geothermal gnadient curve and the

P-T equilibnium curve for seawater evåFonated to guPsum

satunation is at P = 20.3 MPa which is equivalent to a depth

is metastable in

& Bunds (1958)

anhsdniÈe is highlu
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of abÊut g30 metePE. TFre inteFs'ectic'n reFrr'e='errtirrg tFre

ggFELrm-anhgdrite tnansition depth decreä.ses r¡ith the increå'ee

in csncentration of the bnine. As pointed sut bg MurnaLt

(1964), the value of the depth of intersection rnust be a

min imurn sinee the rate of chan-ce c'f ggPslim to anhgdr'i te å=' å

function of Eubsidence is not hnor¡n. Thus the deepe=t

c'Ê,=.enved gHFsurrr in the field at a depth of absut ltl¿Cl rn

(ÞlurFå!'r 1Fó3) eä.n be shoicn to be cotrsistent r¡i th these

pnedictitr'ns.

Irr 1.i gFrt of tf¡e abor.re disctt=.=.icrnr ma=.t of the anFrltdr'ite

in the studg at1Êa, if not all, is the replà'cement pnoduct of

EtLtFrs.r-r¡rr dlte ta pr'c¡tJr'es=.ive hr-tnial int'o the stabilitC field c'f

anhgdrit,e' In his studg of Misgissippian al tered zoì-|e

ar¡ Fr Hdr.i te nf scru.thea=.ter'n Sas.katctrewarr. P'letrda'11 ( 1975)

arn i ved a.L simi I ar cÐnc I usi ons inf er'r inç fr orn the negi ona'l

eE¡ïrsideca.Lions. tÊrat at one tirne t|r e anhUdr-ite zone waË huried

to a leuel considerablg deeper (r¡ei1 within the anhtrdrife

stabi I i tc fi e t d) than that at the pnesen t time '

3.3.3.6 G,JPsi f i cati on

Anhgdrit,e of tFre stlrdc aPea ig åsEc¡ciated r,'rritFr ggF¡='Ltnr'

This gcpsum is found in aII tgpes of anhcdrite and

eonfr.ihutes atrrut 15'¿ of the total euå.Ptr'ri teE.

üsuall¡J, the ggpsum shows the såme crHstai habit aE does

the anhgdr.iLe of r.eEc'ective tupe= (Flate= 3z-E; 3.9-E; 3?-A)'

I t aI so exh i bi ts fi bnous habi t in the vadcl i te fac i es (Pl ate

47,-à) .
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This. gHPsLtm mag be unreplaced Fnecipitated gups'um

Euggesting incomplete anh,Jdnitization or gcpsification of the

replacement arrhgdri te. Hor¡eveF, corPoded anhgdr'i te grains

found in the gsFEum crHEtals (Plates 3z-B; 39-A; 4Z-E) point

to the gecond option. As infer'r'ed bg Hendali (1?75) for tF¡e

nontheFnmost part of the anhgdnitized zone of sar-ttheastern

sa=.kateher,uar¡ ¡ tËre gHF,sunr of the studg aFeä. is t'elieved ta t'e

formed aË a nesu.lt of pantial hHdnation of anhgdnite in the

stat,i t i t'J f ietd sf gHFsurn due tc' enc's'ion and unloading since

the Ter ti arg ' A sirni I ar cÐlrc l usi on had been arr i ued at bc

Zakr-r=. tl'l¿,7) fon tF¡e q'=¡F='ification sf arrhHdniLe in the

anhudr.itized züne sf b{ississippian [Jhitewater'Lake ttlember of

tl¡ e sc'u thwe s te r'n Marr i tot'a .

3. -J,4 Dedol omi ti zati on

frr ti¡e calcitic dolcs.tor¡e irnmediatelU helc¡Àr the alLered

züne in the =ection, calcite occuPs ås di=.per=ed crgEtals

ttrat enclos,e ctr'r.Foded dolomite nhornt'= (Pla.te 43). sorne

calcite cFgstals å,re found to be pseudornonphs after' dolomiLe

r.Frombs (Plate 44-At. These clee.r'lg sugQes't tFral the ce.ieiLe

ct-ustals àre dedolomites, i.e., à rÈPlacement pr'sdt-tct of

dni omi te .

Fc,n tFreFe to Ë,e dedslomitization a solutian u+itFr higrr

Ca,/Mg natio is required (Blatt et al'r 1?8Û' p' 531)'

Accordinglu, this phenoffrentn in the studg ar'eá is believed to

haue occunned hand in hand with the leaching of calcium

=ulpFrate=. due to percslation of gnoundr¡ater thr'ough trertical
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fnactures mainlg due to enosion and uplift since the

Tentiar'gl.

Ai tholrgh dedsi orni tes oecuF main I g in fhe cal e i ti c

dolostone irnmediatelc belor¡¡ the altered zone, theg aFe found

in mincln arrc¡Lrrr t els.e¡¡Jhene in the section heIou,.r the altened

zonÊ. Concentnation of dedolomi tization in the fonmer

pnrLion of tFre sectinn cån be explairred bg tFre char'*cteristie

hiqh intencngstalline ponositg caursing exposlrr e of uenH high

s.lir'face s.reã. to calcifging fIuid.

3,3.5 Othen Authiqenic Minerals

3.3.5. I Hemati te

Elack hematite Fres t'een observed diss.enrinated in tF¡e

matr i x , al ong I aminae and r¡i th in Lhe bi oc I a.sts and ua.doi ds

tFlateE 7,1-E; 44-E; 45-A).

The di sseminated natune i s be I i er,red to be EuqqÈsti ue af

Fr'Ê-lithificatic'n tr'r'iE¡in. The =.tr'Lrr'cÊ 
rtt the ir'on is. a=.surned

tu be organic iron compound ppesenf in the depo=ited

=.ediärents. HematiTe is gta.t,1e undeF r.elaTiuel'¡ higFr Eh and

high pS--. In order to form hematite Lhe oniginal Eediment

r^Jas likelc to be r'elativelu fr'ee fr'om metat,olÍzaË,1e or'qanic

matter othenwise iron would be redr-rced bg iron-neducinq

bacter'ia c'r' H¿5 prodr-tced h-q sulphaLe-reducinq bacter'ia. Tfri=.

is in å.qneement r^rith the obsenued Iack of pre-Iithification

disseminated pcrite in the dr'i1l Etr'eE. Ho¡¿reuer-r per'colatian

of inon-bearing fluid dur'ing initial sLaçes sf deposition sf

tF¡e Amar'ath r'ed beds (Youne, lç'7'f) mag alsa t'e a cantr'ibutor
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ts hematization.

Hematite is also obsenued aE crrrnulafe along st'JIolites'

3.3.5,? Psnite

Erass uellor^l to dark eoloned pgrite c¡ccure a5 patche='

mainlg in the seconda¡'g uoids (FIates 45-E; 46-A) and

irr ter'cr'g5tal I irre t'c'F eE (Fl ate 4¿'-E) ' Some pgr'i te i s a'l =o

found to Far'tiallu fiIl fnaetures (PIate 47-A) '

The char.acteristic åsscrciatiorr wr ith cil ='r-tgç¡e=L 
that

pgr i te fonmati on post-daLed oi I mi gnati on (PI aLe 35-A) '

Three F,rirrcipal fe.ctor's for' the ftr'rmatian of pur'ite are:

I . Concentration and Feactiui tc of iron compounds

Fr'e5ent in the sediment'

Z. Avai labi I i tlt of dissolued sulphate '

3. Concentr.ation ûf me tat,ol izable or'gan i c cÈrrrpc'unds''

The second and third requirements åre fulfi I ied b9 abundant

calcium=ttlpFrateinthes'edimentandrrrigratedcil

regtrecLivelH.Thesou.nceofreâ.ctiveinonighelievedtobe

hematite for'med earl ier.

The pgr'ite fsrmation is infenred to pre-date PFeEsune

sslutic,n ae rt Ls found ae cumulate alc'n-e the stclc'litE'

3.3,5 ,3 Limon i te

Yellow limorr ite Fr as been ot'ger'ved c'ften

FHrite (Plate 45-B). It is characLerized bg

occurFence witF¡ in t'gr'ite pafches'

McCuIloch-Smith (1984) p¡-oposed that it

å33c¡ciated t^litFr

di ffuse

mag be àn
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oxidation ppoduet of ir'on sulphide. ghe alsa noted that the

documentation of this tcÞe of mechanism is not pFesent in the

1i ter'ature.

It is Fos.EiË¡le that pur'ite mag be corì\'er'Led inta

limonite late¡- in an oxidizing environmÊnt created bc the

rXHÇerr-ricFr pencolating gr'OLtrtdr¡ater thr'ough vertical cc'rrdtti L=

du.e to uplift since the TentianH'

g.::.5.4 Silica

Silica iE faltr¡d c¡rrlg in the ar'gillacec'us dolo=-torr e

deueloped in the 2-13-3-U? tJl r¡elI at the toF sf the section'

F,lc,st of tFre silica pr.esent is detril;aI qltar'tz grains

i^¡hich is a cc,nstitr-rent of the depositiolral facies

crHFtalgal Iamini te. $ume =.i I ica GcÊLtPs. å.-- fracture f i l l ing

{Ptate 47-B> and void fitlinç (Flate 4g-A) cerrreirt' These ä'PÈ

iderrtified aE chalcedonH hLl their char'acter'istic fihr'nus

extinction (Flate 48-A).

Infitling of fractur'es and uoids. in the altered zc¡Íre

indica.te= that the fsrmation of this chalcedons post-dated

dol cnr i ti zati c'r¡.

Thefor.matic.nafs.iiicaisfauc'redb'HareIa'tivelglot^l

pH and Ior¡r temperatune. Hence, it is thouqht tu he vePU laLe

in the dia-oerretic hisLor'g r¡hen tF¡e coffrbinatian cf pH arrd

tempenatur-e became I ow enough å5 a Fesu. I t of pÊFcoI ati on of

tt¿-changed qrorrndwater' tF¡Fcrugh ver'ti caI f rac Lur'es due ts

upI ift sinee the Tentians.

The EouPce of silica is Ë,elieved to be or'iginal detrital
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quåptz which t¡ent into solution under the Preceeding

environment ehaFacterized Ë'c hiçrher pH and ternperaLure, and

satunated the Þore uuater.

3.3. & Leach ino

Leaching of the rockg of trre =.tudEt ar'Ëa t{åE iikelu ta

haue taken Þlace duning the exPosu¡e in the pre-Jurassie

eroqion per.iod ås sligçrested bg Eer'g (195ó) fnr' tt¡e Lodgepale

suberurp in the llinden aFea, Manitoba. Groundr¡ratens

pÊr.colated tFrnolrqFr LFre t'lississippian sutbcrop r'eslr.ltirrg ir¡ the

I each ing of the I imestone . The percol a.Ling groundwatens

penetrated datrrrr dip fi"orn tF¡e pr'e-Middle =Tltragsic outcroP.

Fnaetunes resul t,ing from pre-eposional stnltctutral r¡lovement

weFe al=.c, likeIc ta ha,-re contnibr-tted to this Fr'c¡ceE5 E'c

au.iding fhe lea.ching waters into the fonmation'

There i=. alsa a later' phase af leaching Pre=.unråb1g dr-te

to enosiorr and unloading in this reqion since the TentiarC

(Kendall, 19?5), This leaching nÊãr-rlted ir¡ pr'eferential

di ssol uti on of cal c i te in the dol omi te ma,tr i x and remoual of

calcium =.uIpFr 
¿.tes.. The Fer'cslating tlater's eE='c¡ciated with

leaching aF.e belieuÊd ts be FesFonsible fcr dedolornitization

and gLtt=.ifieation. The fnacLu'r'e s'gstem= related ta tFre

Devonian salt solution also conEtitute pathwags fon the

leaching watens.

3,3.7 Pressure Solution

Fressur'e sslution is caused Ê'H col-rrpaction in deep t'urial
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stage (see section-3.4). The pnincipal stCle in the eÛr.es is

gr-ttnr.ed-seårn sclution af [Janles.s <t9?7] w|rich qå.$e nise tc

stUl ol i tes and gnain-ctn tac t sutures immedi a.te l s adi aeen t to

them. Llsing the terminologU of Logan and Sernerriuk (I97á,

cited bc Flugel. 1978), eonf igur-ation of indiuidual

stglol i tes and patter.n= of sLglc'l i te sets r¡ri i 1 b'e discr-ts=.ed

in the next paràQraph.

Four. tHpes. of stglolit"e coì.¡fignnatisns. É¡ave teen

obsenved:

l. Tr'ar¡=.iticnal Ë,ettueen peak hiç¡h ånrplitude arrd

z.

3

4.

coI umner (Pl ate 19-A) .

Irr'eç¡ul ar' (Pl ate 4-d-F) .

Peaks low ampl i tude (Plate 4P-A) '

At thougrh stcl ol. i tes haue heEn deve I oped main I c a-E

iîrdiuiduals, Etnre crceLtF åE set='' Tt'-ro tgpes sf ='ets have trÊÊi-r

faund:

1, ton.iugafe set sf peaks lsr¡ amplitude (Flate 49-E).

Z. Irnegular anåstorncsing sets of hummockc with

peaks lor¡ amplitlrde (Piate t0-A).

Stul o1 i teE charac ten i sti caI I u deve I oped wi th in Lhe

faeies as well a=. alorrçr the facieE bourrdar'g in the section

belor¡ the altened zonÈ. In the altened utne lìçi stCIoIiLes

haue t'een obser'ved pr'cË'abIU bece.u=.e of the cürnFaction

inhibitio¡-¡ ppopentg sf dolomi tization (gee section-3.4) .

Hor¡euerr! an enaetomosing swa¡m of fine claH seanrE (Plate SCl ).

developed eE a neEult of non-sutured -crain solution ([^'lanles=t

Hr-rmrnockg (PI ate 10-A) '
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l?7?), has been found in an argillaceous dolostone within

this zone in one wall.

The dol on¡i te concen trated al ong the stcl ol i teE as we I I

as grain-contacts is mainlg cumulate which suggests that

strJl ol i te f onmati on post-dates the pn inc i pal phase of

dolornitization. Occurrences of pgrite and hematite ag

cumulateE also point to their formation prior to the gro.*rth

of stgl ol i tes. Dead oi I al ong scme sttJl ol i tes (Pl ate 48-B)

indi cates that stcl ol i tes post-date oi I mi grati on .

3.4 0or¡sac ti ott

Csr¡paction mag be defined aE the phenornenon whenebg bulk

volume of the rock decreases due to mechanical processes that

result in gnain deformation or cloger packing and presslrre

solution (Flugel 
' 1978).

Pnesumablg, the limestone in the studg aFeå suffered

g,rme ccHnpaction inrrnediatelg after deposition. Zankl (19ó9)

noted that in the f irst feuu tens of centimeters of bunial t

coar.se-gnained carbonates suffer non¡inal corrpaction in

ccmFarison to substantial compaction exPerienced bg fine-

grained canbonates.

Ho¡revepr Flugel (1978) pointed out that mång carbonateg

experience r*elatiuelg littte ccxnpaction oF å.ne onlg subiected

to deep bur i al compac ti on . The on I H ear I g di agene ti c

csnpaction that has been observed in the studg ape¿ is the

vadose c6¡lpaction in the vadol i te facies (see section ?,.?,.2> .

Subaenial exposure as well as flushing with fneshwaten is
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Fequ¡rÊd foF uadose ccrnPaction of carbonate sediments. âs a

result of this corîpaction, the rock structune becsnes Facked!

the grein contacts becsne fitting due to selective

dissoluÈion. The vadose cornpaction oceurs' because of the

unstable minenalogu of the sediments.

In the dr i I I cores, the prominen t si grnature of deep

burial csnpaction haE been observed mainlg in the form of

stglolite and irmediatelg adjeeent gnain-contact sutureE due

to pressune soluÈion (Plate 3é-B). The bioclastic Arainstone

f ac i es, wh i ch i e devoi d of stCl ol i tes, shorrs the al tennati ue

effect of cornpection via grain defonmation in the form of

breakage of sqne grains (Plate 45-ê) and rare stresEed

delicate brachiopod shellE (Plate Z4-B)'

Except for these spa¡se features, the section epPears to

have undergone inEignificant ccmPaction. This eeemE to be

mainlg due to the l¡thification ås a result of earltJ

diagenetic cemerìtation. It is to be noted that the altened

zone sh(]{¡¡s ns deuelopment of PFessuf.e golution features

except for one anastsnosing swarm of fine clag seam=' (Plate

50) in an argillaceous dolostone. This is because of Èhe

probabl e ccmpac ti on inh i bi ti on ProPen t'J of dol crni ti zati on

suggested bc Flugel (1978).

3.5 Frrctunine

All coFes examined shm¡ fracüunes which are mainlg

vertical, hauing lengths up to one metne. The fractures are

usuallg infilled with anhudrite (Plate lZ-A). All of the
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fnactunes in the alLened zone ä.Fe infilled r¡ith anhgdritet

r¡her.eaE the =.eetion belaw the alter'ed zone exhit'its open

fnac tures as wel I .

Fnac tures wi th oi I sf ain (FI aLe 7,á-E) and f nac Lures

pantiallc infilled with Pcrite (Plate 47-Al. haue also been

ohser'ved in the :-ectic,n belor¡ tFre altered zc'ne'

The fnactur.ing euelrt is a post-lithificaLiorr onÊ' In

the stnd,J år.ea it is not confined withirr å =irrçr1Ê Fer'ic,d,

Fe troçrraph i c ev i dence shsr¡rs tha.t the upPÊn I inii t' of the time

rårrge for' tFre fr'actur'ing episades is post g'JFì=ificatisn

(Plate 50-E).

The fns.ctur'ing ie mainlg âe--ociated t"rif'h s'lump faulting

(tiilne & tlickotoff , 1955) and slump fc,tds (b1ctabe, iFdS) due

tc the FÊffrc¡uå1 af Lrnder-lcing f)evc'nian Fr'air'ie Eva.por'ite and

subsequ.e.riL collapse sf the oveFlging Etrata. McCulloch-Srnit'h

(1?g4) ¡,ç,q.tu.1ated inter'rnittent salt'.c'Iutiiorr ir¡ this r'eQic'rr

occu.rr.inç ovel- å long period of time rançr itrg frorn at Iea.st

t'li ddl e Cr'e tacec'Lt=. ta Þli ==-i =.='i 
pp i a'n .

Significant fnaeturing also occunred due tn Fre-

enc,eìc,tr¡. I s.tr'ltctuna. I mtr'vemert t related ta t'1 is='issippiarl

uïrconformi tc (EerQ, 195S) as r¡el I as enosion a'nd unloe'dinq

since the Ter'tiar''J.

3.6 Summans of DiaqenesiE

The lar.ge number of dia5-renefie enrrironrnenfs, the

variabi I i tu of pnoducts in each orìe, and the poEEible

r.eBetitive nåtur.e of thEm make the chronc'1og'J of diaç¡enetic
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Èvents uel.g complex. Hor¡eveFr sufficient euidence usu.¿. llg

exiE.t:- fon interpr'eting majon events, fr'am which a wonkahle

di agene ti c EÊq¡rence can be eonstnuc ted (Longman r 1980 ) .

TabI e I Ehchrs ne I af i çe chronc'l oçtg of the pr'inc i pal di agene ti c

events il'r the sediments of t'he sLudg år-ea ås a fltnctisn of

time.

å1 I s.edimen ts. cc'mposed af Mg-eal c i te and anagon i te r¡,ere

fir'st depoEited in å shallstl-water environment. In the aiça.I

facies slrndepa=itional bur'rot.rinq of tFre =.fron¡atolite-- tdåÉ the

finst =tage of diagenesis, This reEulted in the fonrnaticn of

p=er-rdo=.tr-omata. tJith the adrrent of a fr'esht^Jater phr'eatic

en'.r i nonffrÊn t ara.çon i te wås Euhi ec ted to di ssol uti on . The h1g-

calciLe and e.r'aqnnite that sl(r'vived tÀJer'e r'ecr'gslallized and

inuer ted pe-qpec ti ue 1H to cal c i te , MS-punqing nesul Èed in the

forrnation c,f nr icrocr'gsllalline dc, lsrnite' Equtant calcite

cements formed in the fenestrae and desiccatisn eracks. The

r'ack:- trJer'e then expased tc' a fr'eshr^rater' v:{dts.e e'nvir'cnmenT

r^,rhere sp¡.nmicni tization t,ook plaee'

Irr the ma.rine pFr neatic envirc'nñ-tÊnt bic,cla=.tic grains.tone

first expenienced dia.genesis. Micnitization of bioclasts'

and ftrrrnatic'n of ear'l!¡ ma.r'ine cernent tosk place befor'e the

f ac i es passed in to a freshwaten uadose zone where meil i s.cus

eerrrentati or¡ sccur'r'ed. The sLr.eceedirrq fr'eE.htrtaten phreatic

enuinonment caused the gno[',rth of sgntaxia. I tuÊl'gnowth cement

follc'wed Ê,U ÊqLranL calcite ceÍr¡ent. The chanqe fr'om a maFirr Ê

to freshwater enu i ronmen t al so br'ough t ab,-rltt di sgol u.ti on of

eornÊ ar'ã.gcrn i te , nesmoF pFr i sm of Mg-cal c i te and ELtrU i ued
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TABLE 1 RELATIVE CHRONOLOGY OF THE IMPORTANT DTAGENETIC

EVENTS TN THE SEDIMENTS OF THE STUDY AREA.

MICROCRYSTALLINE DOLOMITE
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EQUANT CALCITE CEMENT
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CHALCEDONY

LIMONlT;--.

FRACTURING

SECONDARY REPLACEMENT DOLOMITE

LEACHING

TIM-E

cr\

LATE



åFå.gen i te in to cal c i te , and fonmati on of mi crocrgEtal l ine

dolonrite due to b{g-pur.ging. b{icrite calcified filamentE af

algal gnains as well as bngozoð. wene neomorphosed into

microspar wifh eome PseudosPar.

The peloids.l gnainstone facies underr¡ent micni tization

in ühe mar.ine phneatic environment. LJith the corrnrencernenL of

a freshr¡rater phneatic environment, lea'ching of Eome

ar.agonite, rr eomc'Fphism af Þlg-calcite and ='Ltr*uil¡ed ara'r¡nnite

into calcite, and the fonma.tion ûf micnocngst¡.lIine dolomiLe

ås å. r.esLtlt of t"1g-pltrgirrg took place. A1 tFraugh thie fe'cie='

iE char.actenized hg e lack of calciLe cement, it is helieued

thaf ea.rIg diaçrenetic cernentetian mLtst haue taken plaeet

otherr¡i se the fnamewor.k of th i s çtra.instone woul d haue

cni l ap=.ed gi v ing r i Ee to íi gh t, ntn-pc'l Ûus nock unden bur i al

eonditions. This eanlg cement was likeIC to be compietelC

leacFred later in the diagerretic histor'g'

The algal facies is belieued to be the Pãltent rock tcFÈ

sf the ear'lg dia-Oenetic vadclite facie='. S¡-tt'aeriai exFo='Ltre

af th i s f ac i es in the suPFaLi ds.t negime caused the

schizahaline envir.clnment tha.t t'r'ought ahor-tf the fc'rrnaticn of

uadol i te , Mi crocngstal I ine dol omi te fonmed as one of the

char.acter'istic pr'oducts of tlr is envir'onment. The fresF¡r'çater'

eonfrihuting to this envinonmel-lt is thought to tre reEponsible

for. the Þr.ecipitation of --DttrÊ micritic calcite, inuergion of

Mg-calcite into calcite and fonmation of minor amounts of

micr.ocr.gstalline dolonrite due ta t'1g-pur'girrq a=' well eg; vads:=È

compac ti on .



7B

TFre onlg å.Lrt.higenic miner'al forroed rnainlg dur'ing fhe

eanlu diagenesiE iE hematit,e. tnganic inon compounds in fhe

depas.ite,J sedirnent are neganded as tFre 3ËLrrce. The sedimenLs

åpe thou.ght to be nelatiuelg free from meLabolizible oPganic

matten in or'der to maintain the required phC=ico-eFremical

condi Li ons.

TfuËs.e earlg diaçrenetic euerrtË. eonstiLute LFre pr'e-

tithific¿.tic]n =Lage. Follorxing this the nocks of the studied

sectiÉrr passed ints the post-tithifieation laLe diagene='iE

realm.

The r'ock=' wer'É uFIifted FrPitr' to the er'c'sion du¡--inq EFÊ-

Juras=ic time. to he truncated at the erssion surface on

which An'ar'anth Eedirrrerr tati sr¡ tcok pI ace . HHper'sal ine brine='

froni bath å. mr¡e bagin-cen tral por ti on of the tJi I I i Eton basin

dnrirr q o¡ afl;er'Anrar'antFr deE,tr,='ition as t{e11 å=; frsrn above

durinq the fsrmation of Ama.r'anth Evapsri te å.re res'pcrnsible

for the pr.incipal pha=.e tr'f dolnnritizaliorr, This' Þfràs.É

brouçht aholtt the fornration of all dolomite in the altened

zone as well a=. sornÉ helor',r lFr is zone.

Formation c,f dslomite in the Eectic,n belor¡ the altered

ZrrrÊ is also attribr-tted to neúrnifr'phism of mier'ocngs.tallirr e

dolomite and mixing of fnesh¡¡ater r,r¡lth hgpensaiine hnine ås

well aE. to FI'es.s.u.r'e 3c¡lutian. The nÊomor'phisrn af

microcrgstalline dolomite is t¡elievEd to have treeir oPerafive

throughout tF¡e late diagenetic r-ealm. The mixing of

frEshwater r¡ith hgpersaline t¡rine howeverr is intenpreted to

have t¿.ken place mainlC after the cornmencÊment of Êenozsic
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e|*c)si on.

The fonmation of pgnite is inferred to be post-oil

mignation. The hgdrocarbsn senued as the metabolizible

organic matter while alreadg formed hematite constituted the

souFce of iron,

formation in view of the fact

hemati te and dead oi I , Þcr i te

stcl ol i tes.

Pressure solution in the

Host of the anhgdnite formed immediatelg aften the

principal phase of dolornitization. This phase of anhcdrite

fonmation pnedates oil mignation as suggested bc the oil-

stained anhgdnite in sclme modified pnimang pores (Plate 5l).

åften the csnmencement of Cenozoic erosion, howeve!-r a minor

announ t of uoi d-f i I I ing anhtJdr i te formed in the f nac tunes as

well as in the moldic pores and in the leached stclolites.

The souFce material fon the formation of this anhcdrite is

studrJ aneå is post-Fgrite

that al ong wi th dol omi te ,

occlrr*s ås e cumulate along the

presumabl u the ear I i er formed anhcdr i te . Dedol sni ti zati on

clccunred contemporaneouslg with the later phase of anhgdrite

formation. This is because, et that time, the environment

was charactenized bg a solution having high ta,rÈ'tg ratio

requi ned for dedol omi ti zati on .

Since Tertiang time the section again has been subjected

to up l i f t. Gupsi f i cati on occunped bc the hgdrati on of

anhgdnite when the rocks reentered the gcpsum stabilitg

field. This uplifting is also responsible for the cneation

of the enviltonment of silicification in orden to form
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ehalcedong and convensien of PHnite into limorrite irr ts'n

oxHgen-n i ch env ironmen t.

TFr e PPocesseS

as multistage onÈs

late diaçieneEis.

The r'elative

diagenetic events

ouerlaç,'

of fr'acturing and leaehing åre interpreted

that heve been oper'ative throughout fhe

chronalogu of the abcçÉ mentiorred imparta'nf'

(Table 1) shows, in genena.I, conEidenable



4.1 Intnoduction

blurrraH (19C,Lt) Fc,inted out that må.nH hUdrc'car'borr

accu.nrulationE in carbona.te rocks è'Pe controlÌed dinectiC bC

the facies cFrå'nge inuolving capiIIaru Pr'Ê'Ferties' of the rrlck'

a.nd indirectlc bc stnuctunal factc¡rs'

[: ,rr.t,unate rocks. ar'É ver'g --tlgceptiË'1e tu dieqer,esis' The

deueloprnent c'f poroEitg and permeabilitC in Lhese rc'cks

resr-rltE fr.am t|r e inter.aetirrr bet¡¡een the or'iginal sediffterrt!'
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CHAPTER 4

DEVELOPMET'IT tF PORTSITY

and di agene ti c processÈs (tJi Ì son r 1 FB0 ) .

Msore (LÇ71) b'elieued that tFre utilizatiorr

depositional niodel as an exploratisn tool is noL

r,..rsnkinq =tr'ategc for' ear'bor¡ate r'acks in vier¡l of

the pFeser'uation of pnimarg pano=itg as r¡reli è-s'

develcp,nrent of secondarLt learhed panositg, and

eFg:.talline porositH agsociaLed urr ith s'LtL'sequent

dslornitiza.tion a.r'Ê gf'ver'ned bg diagene=.i=' Irr tFre ca='e of

ppeser-vation of pnimarg por'asitg, the distribr-rtion of Lhe

t'c'r.Ê st¡åce i=. 1ike1,J to t,e controlled bH tFre Fr'ÊEeîrce or'

absence of poFefilt eement, rather than å. chanqe of

deposi ti onal f ac i es (t"1oor'e , L?7-¡J .

4.2 Pone TgpeE

Themaintct,eofvsidsinLheEtudgåt-eä'ã'Femsdified

pr.imar.g For.es r¡hich include intenpanticle tHpe in the

of the

a va.Iid

the fact tlrat

ìho

i rr te r'-
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uadslite (Plate 52-A)r peloidal grainstc'ne (Piate

3ó-A), and bioclastic grainstone facies (Plates Z'2'-B; 23-A)t

and ferreEtrae (Flate F-A) and desiccaticn cr-acks (Fiate 4-É{)

in the al gal fae i es.

The mcdificatic,r¡s c,f these púrÊÊ. invc, Ived Ërath r'eductiun

ånd enlar-gement, The Feduction is mainlC caltsed bU calcite

cemÉrrtatian duning earlH dia'¡enesis. follor¡ed Ê'C infiiling of

anhLtdr.iLe laten irr the diageiretic histong. EirIar-gement t¡as

pr.incipal1U dure tc' leachirr g af calcite cerrent aE r¡eiI a5

anhgdniLe. This solution enlargËment u,ras sÐrnÊtimes opÈnative

tc, the exter¡t of cr'eåtinq vLtggH parasi t1-r (Fla.te 53-E) out c'f

the inLenpânticte pnFes {-rIate= }l5-à¡ 52-A) and feneetra-e,

and eFr anrr el porositg (Plate 33-E) or-tt c'f desiccatic'rr cre.cks'

CIther- irnportant tupes of porositu ar'e inter'cFgstalline.

mnldic, and solution enlarged inLr'å'Fìar ticle F'c'r'c'=-i tg'

InteFcr,gstellirre porositg tFiate 53-A) a=saciaLed ttrith

dc, lomitizatic'n ofterr deueloped in a tFr ir¡ t'ar¡d af i-'ccks'

inir¡edia.telc beiow the alter'ed z'f,nÈ.

I,lc, ldie Fror.es år.e cr.eated t,t pr.efer.ential di=.soiutir:r¡ c,f

eaI c i te in the dol omi te matr'i x as we I I åE I each irrg tr|f

arrh'Jdr.ite, The=e nriner-a. 1 selective Fc'res ma.-u te either'

fabr ic selectiue in giving nise to vadomÐldic oìle=' {PIatee

3S-A; 53-Ë) on micr.o=.capic molds iPlate 41-Ai independent of

textural elements. Howeverr a Lr'aie amûunt sf moldic

poro=itg is contributed bH t,iomsldic Fc'PeE (Fiafe 54) ¡¡hicF¡

årÉ inLenpreted to have formed blr pnefenential digsolution of

ar.agonite within the bioeIas.L in the fr'eshL.rater r'eqime dur'ir¡q
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ÉåFIg diagenesis-

Leached intr.apår'Licle pÊFes r¡ithin the hioclasts iPlate

?3-A)arÊmä.inlcrestnicLedtothebioclasticgnainstone

faeie-q rÂrher'e thec er-e c'ne of the corr tributor's ts the

porosi tH '

Fr.ac tur.eg (PI ate 52-Ê) in the studg aFea ar'e a'Iso ån

impar.Lan t porosi tu tcpe , A1 thou.gh thec eoneti tute I i tt'l e of

the qrc,s5 ponositg, fractur'eÉ, comt'ined r¡itFr ffiatr'ix

püro=ities, aFe Iikelc t(] raise the effeetive pÐ¡-ositc of the

rc'chs consi der'ab,I c.

frr the dr'ilI eor'es leacFred stclolites (Plat'e 3ó-E) F¡åvÉ

been found to be e uerH minor tuFe of ponositg'

4.3 Porosi tg As A Func ti on of Dol omi ti zati on

DurinqdÛlomitizationmå.qrresiumisderiuedfrornthe

r.eplacing fluid; caleium ma'J he trror-tght ta cofrre frc'rn thiE

fluid r¡rhere it is replaced bu diEsc'luLian of calrium

car.t,crrate r'sck (Ëlatt et al .r 198t1 r p. 53t')' Over =r7'/' of

flatû: b,¡ uolume of the neplaced nock is FÈquirec to EuppI-q

sufficient e¿.Icium to produtee a Eslid dc'lsnrite if'lur'FåHr 1îÉ'tl ;

tleul , l9ó0).

Accor'ding

sH= ìenr i n or'de r

¡¡ta te r.. c on ta i n

ã.nd Mg++ '

Eased ol-r tF¡e súuFce of car'bonate, dol onri ti zati on mali be

cateqonized into:

tc' üJecl (1?é0)' car'hanate mutst be added tn the

fon dslomitization ta occun beeause netural

=.rflal1 arfiLrunfE c,f tatal Cil a å5 comFar'ed to Ca++
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Local sour'ce dslomiLizatian t'{Frene eå.r't'ana.te i=.

deniued fnom the nock it,self that is being

replaced.

I

Z. Distant ssur'ce dslomi tization urhere cår'bonate

is deniued from othen nocks.

fn the for'mer' cas.e Fc'rcÌs.itg cFÊå.tiorr r,,ri1l Êccu.r. The final

pnoduct of this dolomi tization wi I I have poroEi tc which i=

eqLraI io the Fono=.iLg sf the or'iginal caleinnr car'bonate r'c,c.l.l ,

plus 1? t?.)í of the volurne of the replaced ssiid due to the

faet that dolomite Fras a molar' uolume lZ 1Sti s.maller' than

caI c i te , Hene inh i bi ti on of doI orni te qnsr,çLh occups as å

r'egnlt c,f exhausfian of calciurn carbc,nate.

In the latter tHpe, where carbsnaLe ig deniued frorn

other' nc'cks, por-tsi tg wi l l decr'eå=.e at f i r'st due tc, tíe

uoI ume fon vol ume qnar.+Lh of dol onii te . Th i E t¡ri I I con tinue up

to å, pc,int rz.lhen tF¡e uc, lu.me c,f t:aCCt 3 is i-ro lc,rrger sufficierr t

Lo supplu enough calcium for' dolomitizatioir. Accordinçlu.

r¡hen tF¡e dolomitizatisn attain:. a hiçrh derrr'ee ()SCl:,{ dolnn¡ite)

exceEE digsoluLion of c+lcite t,rill beqin to maintain

sufficient su¡, plg of calcium and coïrsequentl,J por'trEitLr uriil

stan t incneasing. MunnaH ( I 9ó0 ) noted that Lhe r'e I afi onsh i p

of por'osits and deçrree of dolon¡itizatian in the l'Jidale heds.

(3 ?0'1, dolomite contenL), Mida.le Sield, Sa=katcheu.¡anr rån

be altennatiuelg exF,lained in thi=. me.nner.

Fowers (L?éZ) found that, when dolami tiza.tion became

>Fty, in Arabian tJpper Jltrassic carhonate r'eser'voin rocks,

ponosi tg and pe¡ meabi I i tg began decnea.sing.
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The mc,de of dol c,mi te ergstal ç¡r'owth F¡ åc. heen Frr'opoeed aE

a reason fon the change in porosi tg and peFmeah,i I i tg wi th

ineneasinq dc,larni te content (tJardlaw, 1,?79) . Úc,1omi test

coÌlsisting of euhedral cFHstals that nÈsulted frorn the gnouith

of dolsmite r.hombs limited bH the cc,nüact of adiacerrL r'homb=-,

haue high ponositg a.lrd per-mÈslbiIitg. If fhe gnor,.ith of

dalornite goeE begsnd the cc'ntact inhihiticn staqer crH=.LaIs.

becor¡re ffrûr'E and mr:re euhednal forming contpnorni=e,

interlocking t'surr dar'ies, and the r'e=.LtItirrq r'c,ck I¡iI1 he nc¡n-

ptPous.

l,1ur.r'ag'=. i 1?¿tl) oL,s.eruati on=- in the Mi dal e beds doeE nc't

åppËa,F to hal d tnue in th i E studg a.reê. in genenal beca.use Lhe

pc'r'ÊBitg tuag sLrbjected ta later' a.rr F¡ Hdrite it:rfillinC ir¡ tFr e

pnesen t caEe .

The in ter.r-e I ¡.ti on=Fr i ps af Fer'cen teqe oI dal r¡nri te r'horrrh=.

iDûL) I petrceir ta'¡e tf anhHdr i te (Al'i) r porosi tg in percen t

(FIIåI), natcrr-al laqarithrn st'the nrearr dolomite rFrornb size in

micFons tLb.JEAtl), na.tunal IoqariLhni of the standand deuiafion

of dslsrnite rhûmË, size in micr'ons (LStl)r and r¡a.tr-tr¡. 1

I,f,ear.ithm of the peFmeabiliLies in miilidarcc (LHt"lè)t' LKFD'

and LI{U) in the section below the alter'ed zsrre sf the dr'ii1

coFe 1-18-3-28 tll ureFe calculated in the for-m of a

corFÉIation rnatrix (Tat,1e Zj '

Ther'e Eeems tc' be no aFipår'ent nelationship between thp

porsEi tH and per.cen tage af dol arni te nhornbe and standard

deviation oS the dolomite rhomb size. HsweveFr significatrt

pCrsitive cc'Fr-elatic,ns exist bettçeen mean rFr srnb size e'rrd



VARIABLE

DOL

AN
PI.IAI
LI',IEAN

LSD
LKHAX
LK9O
LKV

TABLE - 2

TNTERRELATI ONSHI P OF PARAT4ETERS

RESPONSIBLE FOR PORCISITY DEVELOPî4ENT

B6

N

t0
l0
t0
t0
l0
l0
t0
10

MEAN

27.32
5.92

t2.72
3 .4?
0 ,39
?.4?
2.25
t.t7

STD DEV

18.84
5 .01
3,77
0 .09
0.tB
2,29
2.té
2,29

DOL AN

DoL I .00 0.52
AN 0.52 t .00
PHAI 0.û5 t.4B
LHEAN 0.30 0.41
LSD 0,26 0.07
LI$4AX -0 . 45 -0 .07
LK90 -0 .50 -0 . I 0
LKV -t.20 0.07

SI-F4

273,16
59 .25

127.2Ð
34 .9t

3 .94
24 .88
?2,46
l1 .73

CORRELAT I CIî.I COEFF I CI ENTS

HINIMUM

4 .00
1 .00
ó.90
3.3ó
0.10

-l .ó1
-1.ól
-2.21

PHAI

0 .05
0 .48
t .00
0 .44
0 .02
0.43
0 .42
9.7é

l-4AXIl''ll,$,1

57 .50
17.50
r8.00
?.67
0 .71
5.óB
4.80
4.2?

LMEAN LSD

0.30 0,26
0 .41 0 ,07
0.44 0.02
1.00 0.10
0.10 r.00
0.28 -0.44
g ,?6 -0 .3?
g.?4 -0,18

,/ N = l0

LK}.IAX

-0 .45
-0 .07

0 .43
0 .28

-0.44
I .00
0.?9
0 .79

LK?O

-0 .50
-0.10

0.42
0 .2ó

-0 .39
0 .99
t .00
9.76

LKV

-0 .20
0 .07
0 .7ó
0 .24

-0.18
0 .78
0.76
I .00
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porositg, and meån rhomb size and pencentage dolgrnite rhomhs'

On the othen hand, significant negative cor.Felation exists

between Fepcentage of dolornite rhornbs and PermeabilittJ'

In the studg area, except for intercngstalline Porositg

that deueIoped often in the calcitic dolostone inrnediateIg

below the altered zone, dolor¡itization has been intenpreted

to have contributed little to the porositU. The minor amount

of porositg associated with the dolonritization is believed to

have been f ormed main l,J bg pref enen ti al di ssol uti on of

calcite in the dotornite matnix as a result of leaching.

4.4 Porosi ttJ âE â Func ti on of Anhsdr i ti zati on

Porositr¡ destruction bg anhgdrite porositg occlusion is

verg cg|rmon in the dr i I I cores. Holever , anhgdr i te I each ing

is believed to be one of the maior contnibutors to pnesent

porositU. This dual FroPertg of anhgdnite ås a modifier of

ponosi trJ was noted bg Murrag ( l9ó0) '

The significant positive correlation betr¡een percentage

of anhUdrite and porositg substantiate the important role of

anhgdrite leaching in bninging about Fresent porositu

(TabIe 2). A significant correlation also exists between

porosits and vertieal penmeabilitrJ (n = 8.76r. possiblu

suggesting the anhgdnite leaching in creating porositg oceurs

as a result of pencolation of water through vertical

condui ts.



õö

4.5 Summang of Ponositg Development

ålt facieE in the studg aneå dernonstrate sonre degree of

ponositg, Yet, no single facies has been fsund ts pneEerue

pc,no=.i tg +t al I times.. Accor'dingl U, deve l opnrerrù of por'o='i tU

cannst be categonized eE tnue facies selective. Ûn the

contr'ar'g, it is infer'r'ed tF¡at the FtFeEer'uatian sf pr'irnar'g

pono=itg tike the development of leached poro=itg and minor

in ter'crHE tal I ine porosi tg, r,,.ras. eon frol I ed Ë,C I ate di aqene ti c

alterationE.

Har¡lever'r facies havir¡ g rnc'r'e Frirrrar'H por'ositg (e'g't

vadolite) ane moFe likelg to sh,lw highen porosittJ

deueioprmg¡¡, and cc'nsequentlÈ¡ thec reFr'esent tFr e principal

r'Ëseruoin facies.



The bJi EEi ssi pp i an t{t-3a beds, the pnoduc ing in tenval of

the str-rdied pool, cå.n he coF¡-elated into the adjacerrt fJasea.,Ja

å,¡'Êa,

The tranping meehanism of the Etudu areå ig pr.irna.rilg

stnuctunal; this is true r*ith the limitation of the updip

and./or' iater'al facies changes involving ponos.i tg derrelopnrent.

rn the studg ar-ea., the MC-3a beds neppegent a canbonate

tidal flat enmplex. Drill cor'e=. shaw deueloprnent of fc,ur-

lithr-¡fa.cies, These å.Fe: aleal r va.dolite, biocla.stic

çrrainstcr¡e a.nd peloidal grainstone faeies. Excec't far the

uadol i te r al I othens nefer to depo=i ti onal enu i ronnren ts

char'acter'ized bH Ehor'eline feature=; namelg å tidal flat

eompl.ex. The uadolite is belietred to ha.r,¡e fonmed dne to

suba.erial exprEupe in a str'andline Ênuinsnment durinq ear. Ig

diagenesis. rt wå.8 pneviouslg neganded åE ooliLe bg ea¡-liei

wor'kers ( e ,9. , Ghaza.n , t?Zirl) formed in agi tated ¡¡ater.

submarine shsalg on å platfonm edge far awag fnom the

shor'eline tourard=. the basin.

The pnocesseE of di agenesi s f a. I I under two domains:

earlg and late. The earlg diagene=.is is cha.racterized

pn inc i pal I u bg bi ol ogi cal di agenesi s, formati on of uadol i te ,

and ealcite cernentatisn. The late diagenesis includes

dol smi ti zati on , anhgdnati zati on , fonmaLi on of othen

authigenic minenals, comFactionr FpeEsur-e solution,
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frae tur.ing, a.nd I each ing. The re I ati ue chronol açiu of the

in¡F,c'rtant diaçrenetic euentg shou,r=', in general , cc'rtsiderable

oven I ap .

The deve l opmen t of pc,rosi tg i s rrot true f ac i e='

se I ec ti ue . Late di agene ti c al tenati nns con Lrgl I ed the

pFeeer'vation c,f primar'g pnro=itg as ¡,*JeIl å.Ê the deuelcprnent

of leached porositg and rninor intencFHstalline FGI*ogitg.

HolueeÊr-r facies with highen prima.rg ponc'sit-H (e.9. t vadolite)

is nior.e likelc tc, sho¡¡ highen p,:ro=itg developmentr and

cc¡nEequentlg reF, rEsent the Principa. I t*eeer'vc'ir' facie='.

inal lg, this sLu.dH mau be helpful ilr selectilrg ef*ea5 of

hiqh F,or'osiLg and FermÊabilitu fr-'r f¡-rtu'r'e deuelor'ment c'f the

pooL Fr-tr ther studi es of th i s tUÞe arÊ recornmended usinq

gcanninq electr'on micr'c'sctpH a'=' r¡eII.
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Ê. FhoLograph =.hcr^rinçr the Èr'c,Eional cc,rrtact (1) teft¡een
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PLâTE - T

TEXTURAL ROCH TYPES

the upper' bioclastic Ar'ainsLsne facies and Iower'

==.tr'c,rrg.tolite =.urhfa,:ie=., The latten i=. ci-rmEssed c'f LHH

tupe (2i -..tFomatol i te r,r'i th inf i I led sedimented micri te.

Sarnple ntrr. 1.,5 I , palished c¡fr'e =1at' F,erFendicul,rr' ta

sïratificatia¡ =-1a.b, Bai- Ecaie eq¡-rals 1 cm.

E. Fhc,ttr,'-_¡r.aFFr 
=.hc,r¡.1 

inçr =.tr.crnatolite s.ut,facies. ccnrpnsed of

SH tHpÊ stromatoiite ii) wifh infil,ieci =e,limerrteci

rnicrite, [:Frar'acteri:-tic ir'neqnlar' ferresfr.ae i;) .3.r'e

¡.tturdant, Sa.rnpÌe nÕ. 4,43, pÐlisheci ctr¡i-e siab

Fer'Ferrdicular' ta str'atifie-itiorr . Ear. scale equals

1 cm,





A. Fhofagr'aph nf str'onrgtoi i te -=¡-rt'faciea sFrowirrq SH fupe

stromatolite. Sample na, 4.41 , polished c'lre slah

F,Èr'F,endict-tlar' to s.tna.tificaìion. E-rn sc¡. 1e equai=.

I crn.
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PLATE - 2

TEXTURAL ROCK TYPES

E. Fhotagr'aph of sLrc'ma.tolite s.lttrf¿.cie= =har¡.ring :lli tHpÈ

i1) sLromatolite. -Ëa.nrpIe ns, 4.4i, pi:lished cßFÊ slab

p¡.r'a11eI tc str'atificstion, Ear scaie eqn.i.1=. I crn.





Ër. Fhutomienopra.ph of stron¡afolife subfacies showinq

laminnid fenestr'ae tetr¡een s.tr'oniatol i tic la.minae,

Sample no. 4.41r, thin s.ectialr Fer'pendicular to

=.Lratification. Ean gcale equals 1,5 nrrn.
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PLATE _ 3

TEXTURAL ROTH TYFES

FF¡ottËr's.ph ehor.+ing er'ùsional conta.ct i1) betr¡reen uppEr

Etr'ome.talite sut'facies. and 1Ê,r¡rer uadalite facies.

The Sonmen i s cha.r-ac Ler-i zed bH shee l: cracks ( 2) .

Ëarn¡'ls rr È1 . 3,5ilr polished cúr'Ë Elab per'Fendicurlar' t¡

str'atification. Bar-sc.rle equ.slE 1 cn-',





A' Fhc'íc,micr'oer'apFr af gtr'ûn¡atot i te sut'facies =hor,,rinq sÍ¡eet

crack-.. (t) partie.llc infilled with Êquånt calcite

cÊrftÊrr t. Samp, 1e nc', 4.51 . tF¡ in secticn Fer.F,endicular

to stratifica.tion, eFo-qsed nicols, Ear s.raIe Êquals

ü .5 rnrrr.
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PLATE 4

TEXTI,TRAL ROCH TYPES

Êl . Phc'tamicr'c'qr'aph of s.tr'omatslitic suhfacies s.hc'nrirrçr

filamentE and nenalis str'uetune of er-ìcrusfina blr-re-

gFeÊn alq¿.e. Sanrple nr, 4.43, fhirr =ectinn Ferpen-

di cu.l ar to sfrts ti fi cati on . cr ÐEsed n i ecl s, Bar sca.l e

e,tu¡.i s ?tt mi er'rn=..





A. Fhc,torni crognaph of stromatol i te subf ac i es shou+ing

Gir'r'ranella. The ririerite calcified alqal filament=
i I ) haue been nÈcmsnphosed in to mi enosFàt- r.rri th some

p=.eudo=.par'. ga.mp, 1g ncr. 4.52, Lhin sectian Frer.perrdi_

cular to stn¡.tifica.tiorr, Far. sc¿, Ie e,¡uals 0.s mni.
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PLATE - 5

TEXTURAL ROTK TYPES

E. Fhaturnr i cr.ogr anh of

en trapped pe I oi dal

qr ain=. ( Z) . Samp I e

tu =.tr.atification.

=. tF rrrna ts I i te sut'f ac i e =. =.h 
ar.u i rr q

pockets (1) a.nd biu.e-eFEÊì-¡ a.loa.l

rr c¡, 4,5'2. tFr j.rr :.ecLi¡n F,åreliel
Ban scale equa. ls 0,ZS mn-¡.





ê. Photqnicrograph of strsnatolite subfacies she*ing

entrapped ostracod (l), dasgclad (Z) and foram (3).

Sample no. 4.43, thin section parallel to stratifi-
cation. Bar scale equals to 0.25 nm.
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PI^êTE - 6

TEIffI RAL ROCK TY?ES

B. Photornicrograph of strqnatol i te subfacies sho*ing

entrapped bnachiopod (l). Sample no. 5.32, thin
sec ti on panal I e I to strati fi cati on . Ban scal e equal s

t.5 nm.





A. Phntornicr.oqr.aFh of cr.'JFfa.1'¡a.I lamjni te =.ut'faci e=.

shoulring a.Iqa.l. laminae. $ampIe no. 2.44, thin secf iair

F,Êt-Fer¡dicu.lar to =.tr'a.tifica.tic'n. Ear. -=caie ËqLi¡.i -

i .5 nrm.
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PLATE - 7

TEXTURAL ROCK TYPES

E, FFr otaqraph c'f cr''JF, talqa. I i-r.rr;irr iLe ..u.bfacie.. 
=.hr-rr.',: 

.i r¡c¡

alçal larrrinae ¿.nd brown nepIaeernenL anh_qdrite (I),

ãarrc, le nÐ. 2.44 r FÉ1i=.hed cor.e slab t'er.pendicul¡.i-

to =tratifica^çioir, Fa.r seale equs. ls 1 cm,





å. PF¡ r,Tc,',lr'ai l¡ c,f er',-JFt ta.i gaI

l aminoi d f enestna.e ( 1) .

cc¡rÊ s1 at' pÊr'p,endi ct-tI a.r'

equa. l= I crn.
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PLATE - g

TEXTURAL ROCH TYPES

E. Fhc,Lc,gra.F,Êr cf cr.'JF,talga. l la.nr ir,ite su.L'facie=. irr the

;. lLerec zBì-re shoi.rrinq vaqnel-q pFeEerved a. lge.i Ia.rnirrae'

sa'irrpIe n¡f,' 3'11t pc'iish*d cÐr'È =IEL' ErÊr'p'e'ri 'jirr-tla¡- üc'

s.fratifica.iion' Ear =ealE equa.Is I cni

1 arn i r¡ i te =ut'{ ae i e =. ='h 
c,r¡í i rr çt

Sanrple nc'. 1.?iar Polished

to str';.tifira.iinrr . Ëa.r' :-c.3.iË





å, Phntor¡icr'c'qraE, h c'f p=.er-r-di'=Lr'nmaLe =.r-tt,{aiie=. shat,,rinq

fer¡estrae (1) pantiallu infilled urifh Èquåìit calcite
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PLATE - ?

TEXTURAL ROCH TYPES

trÊií¡Êìit, 5;.rrrple no. 4,Ail, thin sectio¡ panallel tc,

stratificatia'¡r rrossÊ,i nicol=.. Ear's.r¿. 1e eau.als

û .5 nrrrr,

E; , FFr ntar_¡r'.rph c,f pseudastr'c'mata s,u.h'fa.cie=, s.Fr t¡t/.i iirq

feirestr'a-e (1) and sheet cna.ckE (2,J. Sarnple no. 4,4'2,

pniished ccrr'e 
=. 

1at, E¡er'F¡endicr-tlar' ta str';.tific.r.tion.

Ear scale equal=. 1 cm.





A. pþcr.|;s'qr'apFr c't tseud':,=.tr'or¡ata sut'fa.ciÊs EF¡sLÅJinr-.t verficsl

desiccation cnàck= (1), ir'r'egurIar. anà.Ë.Lonros.ing s.et Ë,f

hunrnrc,ckg {2) and peaka lor¡.¡ ånrErlitu.de sfglolite=. (3}.

S;ripLe nr', 1"ó?r Foli=.hed core =lab FErpendiculan tc

=Tr¡.tifica.tic,r¡, Eer'=.cale e,tuå. 1=. I cnr.

IL7

PLâTE - 1 O

TEXTT]RAL HTCH TYPES

E, Phc'tomi er'ognaph of pseudo=tr'si-r¡at¡. Eu.bfat i t= =.hnt,rinç¡

t, l,r-te-cir'eËn alçral filá.fi¡Èrr ts and r'erra. 1i'=.:-tr'uctit-,'e.

Sarirple'¡ro, 4.4'ì, thin s.ecticti pepFeüdicu.Ì.¡.r to

=tr'atifica.tioir. Ea.r Ecaie 7ii fr'r ic¡-'¡rr=..





A. Fhotogr.aph of pseudostrornat¿. subf ac i es =howinç bunr'c'r.,¡g

(i). Senrpie rrc¡. 4.4t1 r pÊIis.F¡ed ccrr'e =, 1e.t, par'aiIel tc'

str'atifica,tion. Ear sc¿.ie equals. I crn.
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PLATE - 1 T

TEXTURAL ROCK TYPES

PFratcçr apFr c'I' F,=er-ida=.tr'ornats. =.uL,{a.c i e= 
=.frc't\t 

irr q tFre

r.rertica.i nrient¿.iion of burno¡,',r (1). Sample no. 4'4û.

F,a1 i =.hed =1 ab perF endieltl a.r' ta str'atifi cafi c'n . E'i.r'

sc¿. 1e eoue. ls 1 cm.





A. FËrntagnaph of rrå.d¡lite facie=. shtrurinq ua,Jtr'=.e cnLi=.L (1),

invensÊ-graded grains (?), ¿.nd fr;.cLur'e iîrfiiie'j u.:ith

gr'e1-r-wh i te vsi d-fi I I irrg arrFrHdr i te {3), Ê-i.inr l. e nr-r,

?.34 ¡ Fol i shed cÐFe sl ab perpendi cul ar to strati f i -

c¡.tir'i-¡ , E:ar =.caie e'f,r-ia1=. I crrr.
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PLATE - IZ

TEXTURAL ROCI( TYPES

B, PhoLognaph of vadolife fa.cie= Ehou,'ing vadose cl-U.3t (1)

a.nd irr verEe-qr'aded r-.lr'å.i r-rs. (,'¿i , S:..nrF,i e 'rrc¡. 
=.:ì:l ,

pcl is.hed cLìr'e si¿.b ter-'pendicu-l¡.r tc' str'a.tific;:Lion,

El;.¡-' s.c ¡. 1. e e tr ,r.a. 1 .. 1 cnr .





A. Fhaton'ricrr,qra.ph oS va.d¡life faeies showinq va.doid

coa.ted witF¡ aiter'na.tinq la.rnins.e cf rnicr'iLe i1) arrd

radia.:': is. I sBår-(2). therr fr'acfu.r'Ei i3) Cue ta

d*':.iccation, LFrÊt-r rÊcc'å. led t¡litÊ¡ t,cìFr tFiÉ Ia.rnin==,-e. .3.ï¡,1

i;h¿n aç;.in fractur'ed (4). Saniple rro, 5,34, fhin

s.¿ctia¡ Fer'Pendicular' tr s. l;i-'-r.Tifir¡.tir,rr. Ear' s.ca. 1e

eqlrals. D.?5 cm,
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PLATE 13

TEXTI.TRAL ROCH TYPES

Fh,:,ir,in j ¡¡¡"¡r-.;.pFr c'f rra.dtr'l i te fa.c i e=. shçr¡.rirrr___r f 1 ;tiì;e¡-red

qr-iins t1), shar'inq af the ou.ter' larnin¡.e (Zi, vsdria:

ha.r.rj¡¡ q br'akerr u;rCciid .1€. r-rurcleii i-1 j, ninlti=.t.rqe qr'airr

(4), polggana.l fill,inç- ã.i-id uertical a.s-qrnmef,n-q sf the

qr'a.irr ing. Êa.nrp,ig nc,. '¿.'.j4r pËr 1i=.hed cor'Ê s. 1at,

pÊr-peirdicular to st¡-atificatisn. Ear' scale equ;.is

I rnrn .





A. Cisse uF uier.r of PIaLe 13 Fig. El' Flattened Qra.in i1i,

sharing of auLer la.nr inae {2). rnu. lti=-ta-ge qra.irr (3)'

pc, lggnnal fittingt and verLica. 1 â-=r=lffrrrÉïr''J al LFr e

erains. Ëamrle nü' '¿,34: Þtl ish*d core slab pÊr'Fendi-

cula.r tc, s.tr.afificaticn, Esr' scale eqr-tals ll .ó nrrrr .
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PLATE 1 4

TEXTURAL NOCH TYPES

B. Fhotomicroçnaph of uadsl i Le facie=. s.hci¡ring conl:.inttati.cri

cf c'uter. lanrinae i1i intE the =.u.r'rc¡Lti-rdirr Q =ediment.

ËampIe no.5.34, Lhin section per'penCicular to -=trati-

{ici+"iorr , ii-'c's.=.Êd nicalg.. B:rn scale eqr-tal=. [t '5 mrer.





A, Pholonii cr'uçrr.r.ph af vadol i te f a.c i es shoi+ing per.ched

inclusians ili in ihe gr'a.irr=. a=. å. r.e=.r_rl.t of qr.s.ding

sf uadoiC Ian¡ina.e into geoptal =.iÌt. ànd doL...mr,*r¿i.d

thicherr irr q c'f tir e c'uter' la.rnj.n¡.e af ve.dr' id (: -¿,i. S¡.nri, Ie

nn. 2.?4. thin sectinn pËr'F'errdicu.la.r to str.tstific¡.fi¡l:,

Êa.n =.cale e'lual=. [i .5 rnra.
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PLATE - I 5

TEXTURAL ROCK TYPES

E. Fhgtornicr.cqr-aph of vadc,lite facieE shor^ring ventical

as.'_-tfntirÈtr.'_-l çt tri e qr-ain=.. Êarnple rr c¡. ?.?4, FilIi=.hed

ct¡-Ë =lab FÊr'perrdicular Lo sLnatifica.tinn. Ean sc¡,Ie

equal=. 1,5 rnrn,





o

A. Fhc'Lorir icrnqraph of u¿.doiite facie=. shou¡ing micnostalac-

titic cemÊr¡ t i1). -ÊaniE, 1e no. 5.34. ïhii-, =.ecLion

FÊrpendicu. 1a.r to stratifica.t.ionr cnùsEÈd nilci-q'

Ë'.¡.r' 
=,ca. 

Ie eo¡-teLg. û.?5 nrrrr.
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PLATE - I é

TEXTI]RAL ROCH TYPES

i.lnse LrF vier,.r of Flate 1é Fig. è, t'iicr'o=.talactitic

cÊrnenL comEosed cf na.di¿.xial eFsr' (1). ãa.nrpie r¡o.

5,34, thin seetian FerF,e;idiiular t¡ stra.t¿fic¡.tinn,

cF.Ês.!-Éd nicol=., Ear' =.cale eqr-rals ?tl micr'rrr =.





A. Ph':tnmiennqraph of vadolite facies shor.uing continue.ticn
¡f r.3.diaxial EFå,r to far.m tFre cerfient (1), sanrple no.
5.34. fhin section pÈr.pendicu.Ia.r Lc, strafific¿.finr-r.
rr'cr='='Êd niec,rE. Ea.r' =ca.ie eqr-rar=. û,25 n¡rrr .
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PLÊTE - 17

TËXTURAL ROCK TYPES

E. Phnt*rnicraqnaph of vadolite fa.cie=. 
=hor".ring

i'.=.d¡id i1i F¡ s.uinrr r-edial f:rb,r.ic eoffrFc,sed of
micrite (Z) e.nd nadiarial spè.r {E) lårririã.e,

eeiiche r.¡adc¡ id (4), îample nc¡. =.?4. tFr in
per.per¡dicl,,.l.a¡ tn straLification, E¿n sc¿.le

U , ¿:¡ fflrfr .

ma.r ine

al lernatine

anC micnitic

=¿¡fins.

equals





A. Fhr:tnrnr cr'oqr'aph oS uadoÌ i te f ac i E=. shcr.{ing qr-.ada.ti o¡-r

t'etr,t¡eer¡ rna.r'ine ua.doid ii) and nr icr.itic caliche va.daid

{2). Sample Irs, 5,34, thin ..ectici-r Êer'F,en,jic,-r. I¡.r-- to

=.tr'atificatio¡'r. E¡.r'scale Êeualc. 1,5 nr¡-ri ,
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PLATE - 1 8

TEXTITRAL ROCK TYPES

Ë, Fhutomi ci ognaph of va.dal i te fac i e:- shor,,.riirg ã uacioi d

Fr ar.rir-rg c,hscu.r'e rnicr'itic t,adgr a.'= nurleug (1), Sa.nrple

no,5,?4, thin secti,:i¡ Feppendicnlai to stnatifi-

c¡.ti an . Ëar' =.cal e equal =. 0. ZS nrm.





A, Fhotograph shor.ring the qr'adxfiorra,l contact betr,,reen
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PLATE - 19

TEXTURåL ROCH TYPES

u.Fter va.dolite å,r¡d lower' elqal facie=; a =.tgl¡lile
which i=. àra.nsit.ional between ÞeahE hiqh amplitude

and cc, lun¡nar tgpe=, markE this bounda.r.H. Sarnple'r¡c¡,

t"-r.L r l-UI l>!lHL

catic'n. Ea.r'sce. le enuå1E 1 crn,

E. FhnLornicragnaph shot^ting the qnade.tion conLact Lretr^reen

Lr,[rpsr'vadniite aïrd 1or,*ier' alqal facies, er¡d t,Fr e

developmer,t Lìf first vadoi,j (1) itr thi= =.ectio¡,
Se.nrFie no. '¿.4il, thin sertiar¡ pÉr'¡rei-¡dicr-r.iar' t,¡

-+-.-.+;¡i^^+i^,-- E-.^ -^-t- -.^,,-t.- r q...-..
5Ul õv¡¡¡Lq+¡Ultr Uql 5LG¡E EUgÞ.¿= ¡ rJ l¡lrtr.





å. Clo=.e uFt viet^.r of Plate 1? Fig' E. The qr'e'ds'tionel

cor.rtact bett^;een LrDtrer'uadnlite and Iou,¡er a'Iç;i facies.

¡rn,J the develnprnerrt of firs.t va.daid 'i 1) irr thi=. =.ertic,n-

sampie n0. -¿.4?,, Lhiir =.ertioi F,=rFen¡icul.an Lo Etr'ati-

firEfion. Ea.r' =cale equal=' Ú.5 nrr¡.
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PLATE ?g

TEXTURAL ROÊH TYPES

E, PhË,tomi crogr'aph of vadnl i te f a'c i eE ='hoi'¡itr'f å' t¡adrrri d

Frauirr g ån os.tr.acnd (1) å5 iT= rrr-tcleus. $anrple n8'

5,33. thin ser:tj.¡n pÊr-.Feirciicular ta qtn¡.tificaLion'

Ear' ..cale equals [t 'ZF mrn'





A. Fhstomicnoqraph of uadolitE fscie= =hcv;iirq å ua.doid

h¿.r.¡ir¡Ër ã. for'a.rninifer'a (1) a=. it=. rr ucleu=.. S;.i-nple r¡Ë.

5,33. thin =ectior-¡ per'pendicu.lar io =.tra.tificati¡n,

cr'c'=.=.Éd nicol=., Ear' sea. 1e eelta. l=. t.î5 rnrrr .
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PLATE - 2I

TEXTURAL ROCH TYPES

E. Phatnrnicrogr-aph c'f u¡.d¡ii Le f;:ies =hor.rinq'.radoid
h¡.çinq a çra=.trapod (1) as it=. nucleus, =.ffr.r11 =.cale
pa.tches qf micr'ocrgEtalline drlsmite (Zj within the

gr'airr =., and di=.seminated herrratii;e i:: ) r¡iLhir¡ fhe

uadaid=.. Sanrple ìlÐ,5.ã4. thjrr s.ertion pÈr.pei-rcjicu. lar.

tc s.ëratifics.tian. Ear. s.ca. le equ*ls ú.5 ¡-nrr'¡ ,





A. Fh'f,t*rnicr'ûqr'aE,Ê¡ of r,,adc, lite facies s.h'.--,1Áinû å. va.,jÊ,id

hauinq ã. da,sgclad (1) aE its nucleuE, Sarnple rr¡f . 5.33.

PLATE - ?2,

TEXTURAL ROTH TYPES

14i

thin :-ection FÊr'per¡dirular. ts =.tr.s.tificatic'ri . Ear.

si .:. l. * e'q u-. i s Ð . 15 niri; .

Ë. Fhc,toirii cr'aqr'aF h û+ h'i oc l asti c er'ain=.tone f ac i es c.htr'ruirrci

alq¿. I gra.in= (1), echinoderma I frEen-'eir i:= i?), ffrÈi-r i=.cr-rs

cEffiÊnt (3). sgntaxial GUÈr'grc,wth i4)r ã,rr d r¡'rc,difiÊd

in¿çEr'ps.rticle prr'ÈË (5), SampIe 'i-r ü, 1,é. 1 r thilr

s.ectioi-r pa.ral lei tr-, =.tr.atifi,:¡.Tion r cr'RE=.Ed nieals.

Ear' sce. Ie equaÌ= ü.25 mrn.





A.
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PLATE 23

TEXTURAL ROCK TYPES

PFratamicr'ogr'aph c,f hicclas.tic qr'a.irr=.tc'r'e fa.cie=. s.Frc't-r irrcl

algal gnains (1), fonaminifera iZ), echinndenrna.L

fnaenientE (3), ff¡erriscLrE csrirÈriL i4), ffrc'dif .i ed ir¡ter'-

penticle Þùr'eE (5). vuggH FrÐrÈE (ó), å.T-¡d leached

intr'ap,*rticle Frc,r'e=. ¡¡ri thin fc,r's.ririnifer'a (,7i . Êarrrpie

llË, 1.ó1 , thitr secficrr per;.lIeL t¡ =tr¿.tificå.tiGi-r.
trr'c'EÊ.Êd nicoIs.. Ear scale equais Ü.î5 nrr¡,,

E. Photomirroq¡e.ph of bioela.sfic gra.inEt¡ne faiies.

=.Fr 
üwinq eir'',rarr elia t1) and da=.'-¡ci;.d iZi, Sertrple rr¡f .

1,51 . thin section parailel to s.trs.tificatin'n. E¿.r'

=.cale eqrial= [t .5 nrm,





A. Photsni crognaph of bi oc I asti c gnainstone fac i es shtx¡¡ing

brgozoa (t) that has been neomorphosed into microspar

with stlne pseudospen, Sample no. 1.51, thin section

parallel to stratification. Ban scale equals t.S nrr¡.
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PI.^âTE - 24

TE¡ffUNâL BOCK TTTES

B. Photqni cnograph of bi oc I asti c grainstone shq¡¡ing

stnessed bnachiopod shell (t), and red algae (Z).

Sample no. 1.51, thin section penpendiculan to strati-

fication. Ber scale equals 0.25 ¡rm.





A. Photomicraqr,a.ph trtf bioci¿stic grainstsrrÈ sFouJing seeLoi

af r'LrqË'=.Ê cor'¡. I . Ëarr'rple no. 1.51 , thin =.ectitrrr

par'aiIel Lo =.tratifics.tionr crc¡sse,j nicols. Ean ssale

eqr-taI=. ú.ZE nrnr .

1 /,-7

PLATE - 23

TEXTI.TRAL ROCK TYPES

¡.{ Fhu*"oqr'a.ph =hor,,rirrg biocl¿.=tic qr aj.i-¡ÈtonÊ far i es.

Samp I e no. I .51' , F,al i shed cor.e El ab F,er.Þerrdi cu.l ar tc,

sLnatification. Fa.n sca. 1e eou.s.ìs 1 cm.





È. FF¡otc'r¡i cr'c'qr.aph of F e I ai dai qr a.in:-tone f ac i e=. ccrtfrlra=.ed

of fecal Fellet=- (l), pseu.dopel. letsids iii, a.nd

micr'itized. rcu.r¡ded å.r¡d e.hr..:(ded t'iocl-i=.ts. (:r i.
I'Jodified interparticle pLrr'ÈE (4) åFe atrundar¡t. Saniole

ï-rÈ,. 1.41, thin s.ecLic'n F,Ér.F,endiculai- to str.atifi_
catiiln. Ear. EcaÌe eqr-ra. l=. 0.5 rnrn,
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PLATE - 26

TEXTURAL ROCK TYPES

E. FFrotugrapFr =hairrinq peloidal qrain=.tc,rre f.r,_-ie-- =FrLìr,{ing

fr¿.ctur.e r,rith oil stair¡ (1i. 5-+mple nc,. I.41, pcli=hed

c¡fr'e 
=. 

1au1 Fer'Fe'i¡ dicuiar' to str'atifieaticr¡. E:ar :-cale

equ.als I cm,





A. Phc,torrr icr'ograph sFr úr^Jir¡q Epå.Fifricr'iTi=atic,n rEFr-e=.err ted

t,-q 'spikes' (i) of micrite extendinq inta the sFå.png

c-r. lcite cÊrrrÊì-¡ t. Sample no. 4.A2, thin sectic,'i¡

r,arallel to strafificatisn. Ean scale equal= iü

micrc'nã.
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PLATE - 27

DIAGENESIS

t 1c's.e uF, r.¡ i ew of Fl at.e 1é Fi g. E. Eadi a>; i al cal c i te

cemel-rt (1), Sampie i-ro. 5.34, thin =ectior¡ pÈr-Ftendi-

c¡-rIar' to str'atificatisn! cr'rs=.Éd nicc, ls. Ear. =.caie

eoual s 3û mi crong.





A. Phc'tsmienoçr.rph sho¡,'rinq

nadi ¡.>t i aI r¡. I c i te cemen t
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PLATE - Z,E

DIâGENESIS

hH eqLi:{nt calcile cernÊnl, (7,i. SampIe rrc', 1.51, thirr

s.ect-ion parallrl to stna.tific¡.tiolrr ÈrossÊd nicsls.

Ea.r' =cale eqLta.is. 0,25 nrrrr.

B. Phr:toriri cnoçr'aph shar¡ring merr i scus cÈruen t prefer'eir ti al l Lt

develaç'Ed in e.rna. ll-s.cale inter.E;.rticle Fc'pÉ=. (1) a=.

oppa:-ed to ea.silH dr¡.ined 1ar'ge onÈÈ (Z), Êarnple no.

1.,i1, thin sectiarr par.;,liel to str'atificatic,n.

cnüs=Êd nicols. Ê¡r. scale equ.al= 0"5 mm.

hr''--.lc'z tr.i. bor-tn d i E.oF *c h c'ug

( I ) Lluer' i a.in unca'nfc¡rma,hI u





A. Photomicrograph shorring meniscus cement (cønposed of
blockg crgstals (l)) is enclosed bg s!Íntaxial over-

gntr,rrth (Zr, which is in turn enclosed bg equant

eement (3). Sample no. 1.é1, thin section panallel

to stratification, crossed nicols, Bar scale equals

70 mi cFclns.
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DIAGENESIS

B. Photsni crognaph sharring men i scus cemen t ( cønposed of
blockg crgstals (l)) is enclosed bg s,Jrntaxial over-

gro.*rth (21 , r'rhich is in tunn enclosed bg equant eement

(3). Sample no. I .ól , thin section paral lel to

strati fi cati on , crossed n i col s. Bar scal e equal s

30 mic¡.ons.





A. Fhc,tsrr icr'ogr'ar'h 
=.FrBr.ÄJ.i 

nË cc'ar:-errirr q nf ÉQuårrü ce¡rrel-¡t (i)

tav,:ard the ceirtre ,ff the Þ'l¡-e, Sample n'f,. 4.q2, th jr¡

s.ec tiair pÊ¡-'F errdicul ar' ts =.tr'atifice.tiorr, cio=.=.ed

nic'rls, Ear sca. le eL-1 L(ã. 1s i¡ ,î5 mm.

r57

PLATE 30

DTâGENESIS

Et . tl: lÈ,..e uF¡ vieuil c,f FiaLe

rÉment i1) is t:vÊrIain

(ii. Sarirple nE¡. 1.5i,

.-+-.-.r i -Èi.+-.+; -...-. -*.-..-.--.-{
= 

bt o. b¡ ¡ a LA. ç¡ L¡,t 9 Ll LrÞ=C.J

./¡-l fnICiC'l-t :..

3g FirJ. È. I:atrF,achouE radia;<ia. 1

unconform¿hIg -hU equ.å.i1 t cenrent

+ts. ;,-. --.^+', ^.-. -¡e.r.al leI to¡.tl ¿ tt =,E!_ 
,¡¡ ¡_¡tt 

l_

'r-¡ i cc, l. s. Ear' g.¡al e eqr-raI s





A. Photurgra.ph of gre_q ¡¿rhiLE anhgdrite fr'nm å be.nd nf

e.iihgdrit* irr tÊ¡e aiter'ed zorr p 
=Fr 

c'r^¡nq nfloa.ti*,rq"
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PLATE - 31

DIAGENESIS

patches (1) of påpÊîrt dolumite. Sarnple r-¡c'. 1.ãi.

¡c,ii=.fr *d cc¡r'e 
=. 

la-h pÊrF,endict-tls.r ic' =.tr'åtifice.fic,rr .

E¡.i sc¡. le enu.a. Is I cm.

Ë, Phc'itrrnirr'aqr'aph s.frc'rÄ,rin¡-t mcsi ac ì-rc'dLrleF a.r¡hgdr i te

(cornposed of tightlg interlockir'q teea'le-Iike i.o

tatu.iar' cFg=.tals ( 1 ) ) fc'r'rnirr_q anFrgdr.i Le Ê,and=. irr

the altered zolre, and enclosed palches (i) af pei-'ent

dc, lonr iLe iZ), S;.¡irçle rrc¡. 1.Zl:l . tl¡ in =.ectic'r,

Fer'pendicular to stia.tific;.tioir r crc's.sed nicale.,

Ear' =.c*ie ea¡-r.r. l.s. û,35 nrrn.





å, Photomicnagraph shor,+ing the deueloprnent nf poikilniopic

anhgdr'ite (1) in å fenestnae, and enclosed marqina.llc
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PLATE - 3?,

DIAGENESIS

ctr'Foded dr-rloniiLe r'hsmbs {3) ha'.rinq the sâmÊ onder' of

gize å.s those cr{ the ma. lr'ix {:ì ), and enclo=.ed patche=.

(4) af dr,loniite. =ìample rro, 7,.41, fhin section

pÊr'F,endieltlar' ts sùr'atificatian r cFos'sed nicsls..

Ear scale Êquals [t ,5 nrni.

E. Photurnicraqraph =.hc,t,rring'.raid-fi I I irrg a.r¡Fr!,Ji- i te

{composed nf Labulan crgsf.als (1i) infilLir¡q Lhe

fr'acture in the dolo¡rr ite matr'i>r. arr d cË¡i-'ì-'gde,J a.rr hLldr'ite

rain= t7.i in a Ë¡Hþ¡sum ÈÍ-!--t=Lal= i3i. bìa.rr'¡Fie ì-rc,, 4.-?lLl .

tÊr ir¡ sec t i orr F Ei-F,err di rnI ¡.r' tc, str'ati f i ':a.ti c,n , ci G9=.Éd

¡ricr:ls, Ear' s.c¿. 1e equals 70 nricr''fì'r=.,





å. Fhotanr icr-nqr'apFr shor,'.r inç¡ :-maIl =ce. 1e Få.tcÊrec. of micr.c,-

cltgsta.I I ine dslorni te i I ) r,,ri thin micr.c¡cr-g=-teI I irre

ealcite (red ctr'lnr-edi fonminq cår.t,sr¡¡;fp rfrLtd, ãi-¡d

iricipielrt dolarnite nhonit's i?). $arnple i-rû, 5.33, tFriir

sect.i c,n FÈr'Fei-rdiculan tc =.tr.¡.tificati¡rr . Err, -<.cir. lÉ

Êqu.å, IE 3tl micr.0r¡e,
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PLATE - 33

DIåGENESIS

E. Ptr c,tc'r-r icr'og¡r'e.ph =.ho¡¡;inq intin¡ate nr irtirr.e sf micr'c,-

Èr'ustaI I ine rjolorni te ( 1) alrd micrscr-Hstal t ine cã.i cì te

(r'ed), s,rrd cF¡årrirel por.c'=.i tg (.7,). Sa.nrple ì-r ú. 4.=2,

ttrin sectislr pÈr.FendiÈulan to str.åtificatiun, cF'f,=sÊd

r¡ icol=., Elar' s.cele eonals. ü.5 nrn¡ .





A. Fhotcmienognaph shou*rinçr xenotopic to hHpodiotopic tiçht

inter'lack of inclusion-rich dirt!¡ dc'lorni te rFrc'mt'=..

16s

PLATE - 34

DIAGENESIS

Some of the dol arni te rhamhs erF¡ i bi t di =.cErn i L'I e zcn inç

wiLFr I-r tr' a.pparerr t cha.nge in dir'titr es='. Sa.rl,¡'ls rrËt ' 1.:l*:l r

thin section pËFpendicular to stra.tification. E;-r

=cale Êqr-ta. Is ltl rnicr'c¡rr s..

E. Fhotornicr'oqre.ph shot¡j.nq Cint'J d'¡Icmife rhonrbs à.=

di..ner':-ed euhedr'al ir¡ diçiduals in Lhe ntå.trix af'

micr.scrgstailine calcite (da.r-k cc, l.aned) r¡.riLh sm¿.iI

scale patches of micrc'cr._us.talline dtr, lc,nr lfe ilir¡ir t

colored). The dc,lomite nhombE exhihit discerrribl'e

zotrirrç¡ r,.rritFr no åppar'errt cit 3.fiqÊ in dir't'in*="=' ãarrr¡'lE

t-¡o, i.41 , thin section Feppendiculai- ta..ti-.¡.tifiratio¡r.

E:ar. s.c+Ie eqr-La1=. ttl rrr iÊr'E¡rr s..





A. Photonrier'ograph shou'¡inq dir'tc d¡lurni Le r'hanrbs cü'ì-¡Eti tu.-
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PLATE - 35

DIAËENESIS

tirrçi par't of =.catter'ed clu=tei'g r'f dcl¿rnite i-.hcrnt,=. (1).

and p'_-rr i te (;) and oi I ( 3) in the uuE. $amp I e no.

5.:14, thin =ectian F,er'F,errdicr-rlar. tc gtre.tifics.tian.

Ës.r' scalÊ Équ.als 0.25 rnm.

Fhc,tc'rni cr.c,qraFF¡ E.hsr,.rirre I imf,id dal omi te r.hc,nrh= i 1 i r

irrcipient dolomite rhombs. (2) r micrÐcpgi,tatline

dc, lornite (:{), and micr.acru=fallirr e ce. lcile {r.ed

colsred). Sample rrrf. 2,44, thin se':tiLìn pEr.Ferrdiir-rl¡.r

to sfr'atific¡.tisn. Ear. s.eale eqr-ra-ls ilt-t ffrict-.Ërì-¡8..





A. Photsnicrograph shurring dirt'J dolqnite rhsnbs (l)t

incipient dolqnite rhqnbs (Z), micnocnustalIine

dolsnite (3), and microcrgEtalline calcite (red

coloned), SampIe no. 5.33, thin section perpendicular

to stratification. Bar scale equals 30 microns.
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DIAGENESIS

B. Photqnicrograph shq¡ring deuelopment of mosaics rhqnbs

along stclolite (1) and grain contact sutures <2>t and

leached stclolite (3). Sample no' 1.82r thin section

perpendicular to stnatification r croEsed nicols. Ean

scale equals 0.5 nrn.





A, Photsni cnograph shuling dol sni te ( I ) par ti al I s

replacing equant calcite cement (Z> " Sa¡nple no. 4.43,

thin section perpendicular to stratification, crossed

nicolg. Ban scale equals 0.25 rm.
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DIâGENESIS

B, Photsni crognaph Ehs¡¡ing dol sni te ( 1 ) cqnp l e te l g

replacing equant calcite cement. Sample no" 3.11,

thin section perpendicular to stratification, erossed

nicols. Bar scale equals 30 microns.





A. Photuni crognaph shuring geope tal dol orni te ( I ) , I ate

pone lining dolsnite cement <Z) in a vadqnoldic pone

( 3) . Sar¡p I e no . | .AZ, th in sec ti on perpendi cul ar to

stratification, crossed nicols" Bar scale equals 7E

mi cFons.
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DIAGENESIS

B. Photorni crograph shorrling voi d-f i I I ing anhgdn i te cornposed

of tabular crsstals ( I ) . Samf le no. 2.33, thin

section penpendicular to stnatification, crossed

nicols. Ear scale equals 0.25 rm.





A. Photsnicrograph shuling void filling anhudrite cunposed

of tabular crgstals (t)r and corroded anhgdnite grains

(Z> in a ggpsum crsstal (3). Sample no. 5.34r thin

Eection penpendiculan to stratificationr cnossed

nicols. Bar scale equals_ 7O microns.

175

PTåTE . 3?

DTâGENEEIS

B. Photqnicrognaph sh*ring xenotopic to hcPidiotopic

replacement anhgdrite which exhibits all gnadation fnqn

nectangular h¿bit (t) to rhqnbic habit <2, pseudo-

morphic after perent dotomite. sample no. 1.11, thin

section perpendicular to sÈratificationr crossed

n i col s. Bar scal e equal E 0 ' 25 rmt.





â. Close up view of Plate 3? Fiq. B. Xenotopic to

h,Jp ¡ di otop i e nep I acemen t anhgdr i te shot,ring al I

gradati on frsn rec tangul an habi t ( t ) to nhornbi c habi t
(Z) after Får-ent dolqnite. Sarnple no. l.llr thin

section perpendicular to stratificationr crossed

nicols. Bar scale equals 30 mierons.

177

PI.âTE - 40

DIâBENESIE

B. Photqni cnognaph sh*ring poi lti I otop i c rep I acemen t

anhgdnite (1) enclosing corroded equanü calcife cement

(1). Sample no. 4.43, thin section perpendicular to

gtratification, Bar scale equals 0.ZS rm.





ê " Phoùorni cnograph sh*ring mi cnogcop i c mol di c pore ( I )

infi I led wi th uoid-fi I I ing individual anhgdri te

crgstal s (2,, . Samp I e no. t .33, th in sec ti on

perpendi cul an to strati fi cati on , crosEed n i eol s.

Bar scal e equal s 0 .25 rrn.

179

PI.âTE - 4I

DIâGENESIS

B. Photsnicrograph shoruing void filling anhgdnite (l) in

leached stclolite (Zr. Sample no. 2.42, thin section

perpendieulan to stnatification, cnossed nicols.
Ear scale equals 0.5 nm.





A. Photsnicnograph shu¡¡ing gcpsum of f ibnous habit (l).

Sample no. 2,22, thin section penpendicular to Etrati-

fication, crossed nicols. Bar scale equals 7O microns.

181

PI.âTE - 42

DIâGENESIS

B. Photqnicrograph of gupsum (l) shor,¡ing encloEed cornoded

anhgdrite grains (Z). Sarnple no. 1.11, thin section

perpendicular to stratification, crossed nicols. Bar

scale equals 7O micnons.





A. Photsnicrograph shorring dispersed dedolqni tes ( t ) in

cel c i te dol ostone irmedi ate I g be I s¡¡ the al tened zone .

Dedolornite cngstals enelose corroded dolsnite nhombs

(Zr. Sample no. 3.20, thin section perpendiculan to

stratification. Bar scale equals 7û micnons"

183

PI.âTE - 43

DIAGENESIS

B. C I ose up v i ew of Pl ate 43 Fi g. ê. Dedol orni te crsstal
encloEed (t) conroded dolqnite rhsnbs (Z). Sample no.

3.Zt, thin Eection perpendicular to Etratification.
Bar seale equals 30 microng.





A. Photorni erograph sharling dedol qni te crgstal s ( I )

pseudornonphic after dolqnite rhornbs. SamPle no' 3'20

thin section penpendicular to stratification. Bar

scal e equal s 30 mi crsr¡s.

185

PI.ATE - ¡14

DIâGENESI$

E. Photsni crograph shorring di sseminated hemati te ( I ) in

the matnix. Sample no. 4.30t thin seetion perpendi-

cular to stratification. Bar scale equals 0.5 rm.





ê. Photsnicrograph of bioclastic grainstone facies sholing

disseminated hematite (t) within algal grains and a

bnoken algal grain (2) due to cønpaction. Sample no.

I .ó1 , thin section panal lel to stratification, crossed

n i col s. Bar scal e equal s 0 ,25 t¡cn.

187

PIåTE - 45

DIAGENEEIS

B. Photqnicrognaph sha,ring patches of p,Jrite (t) and

intimatelg associated limonite <Z> in a secondarg void.

Sample no. 5.30, thin section penpendieular to

stratification. Ban seale equals 30 micnons.





A. Phoüornicnograph shouring pcrite gnains (1) in e

secondang void. Sample no. 4.51 r thin section

penpendicular to stratification, Bar scale equals

70 microns.

189

PI.âTE - 4é

DIâGENESIS

B. Photsnicrograph shorring development of pgnite (l) in

in tercngstal I ine pot*es. San¡p I e no. 5.21 , th in sec ti on

penpendicular to stratification, Ear scale equals

70 mi crorìs.





A. Photqnicrognaph shurring purite (t) infilling a

frac ture par ti al I u. Samp I e no, 4. ¿10 , th in sec ti on

perpendi cul ar to strati fi cati on , crossed n i col s.

Ban scale equals 0.5 rm.

191

PT.êTE - 47

DIâGENE8I8

B. Photsni crograph shq¡ring frac ture f i I I ing si I i ea cemen t
(l). Sample no, 3.11, thin section perpendiculec to

åtratification, crossed nieols. Bar scale equals 7E

mi cnonE.





A. Photsnicnograph of veid-f¡lling silica cement (t)

sho¡ring f i brous ex tinc ti on charac ten i sti c of

Chalcedong. Sample no. 3.11, thin section perpendi-

culan to stnatification, crossed nicols. Bar scale

equalE 7fi micnons.

193

PIåTE - 48

DIAGENESIS

B. Photognaph shq¡¡ing dead oi I ( t ) al ong an i rregul ar

Et,Jlolite (l). Sample no. 4.41 , polished coFe slab

perpendicular to stratification" Bar scale equals

I cm.





A. Photognaph shqting peaks lerr amplitude Et,Jlolite (l).

Sample no. 3.31r polished cone slab perpendicular to
stratification. Ban scale equals I cm.

195

PI.âTE - 49

DIâ8ENESI8

B. Photograph shu,rring a csnjugate set of peaks ltr¡¡

amplitude stclolites (t). Sample no. l.?lr polished

eoFe slab perpendiculan to stratification. Bar scale

equals I cm.





A. Photognaph shuring an anastsnosing surarm of fine clag

Eeerns (1) developed aE a nesult of non-sutured grain

sslution stcle of pressure solution. Sample no. 5.11,

polished coFe slab perpendicular to stratification.

Bar scale equals t cm.

r97

PI.ôTE - SO

DIâSENESIS

B. Photsni crognaph shorling a fnac tune ( I ) cutting across

gcpgum crgstal <Z>. Sample no. 4.51 r thin section

peppendicular to stratification, crossed nicols, Ear

seale equals 0.5 ¡rm.





Photorni cnograph shorring oi I -stained anhgdr i te ( I ) in å

modified intenparticle pope of the hioclastic anainstone
facies. Sample no. t.é1, thin section parallel to
stnatification. Ban scale equals ?B microns.

199

PI.âTE - 5I

DIAGENESIS





â. Photsni crograph of vadol i te f ac i es shs¡¡ing modi f i ed

interparticle (l) and uuggu (2), and fnacture (3)

porosi tg. Samp I e no. 5.3f) , th in sec ti on penpendi cul an

to stratification, cnossed nicols. Ban scale equals

ü .5 rrm.

201

PI.êTE - 32

PffiOSITY

B. Photorni crograph of strornatol i te subfac i es shaling

uuggc pores (l). Sample no. 4.52, thin section

penpendicular to stratification, erossed nicols. Ban

scale equals 0.5 ¡rm.





A. Photomi cnognaph shu¡rs oi I -f i I I ed in tencrgstal I ine Fores
(l) associated with dolomitization in a thin band of
rocks irrnedi ate I g be I æ¡ the al tened zone . Samp I e no.

4.30, thin section penpendicular to stratification,
erossed nicols. Ban scale equals 7O microns,

203

PI.âTE - 53

Pf}ROSITY

B. Photorni cnognaph shouling vadornol di c pores ( I ) , Samp I e

ño, Z.ZZ, thin section panallel to stratification.
Bar scale equals 0.5 rm.





Photsnicnognaph shuring biqnoldic pore (l). SamFle no.

2.44, thin section panallel to stratification, cnossed

nicols. Ban scale equals 30 microns.

205

PI.âTE - 54

POROSITY





207

APPENDIX ê

DESCRIPTIfi\¡ tlF CORE SLâES



Samp I e

No.

208

lB-3-23il1

K.B. I545 FT

t .10

Dep th

?ZA?', I 1'

- 3?'Û3', 3'

DeEcription

preJuraEsi c unconformi trJ be tween

upper Jurassic Anaranth red bed

cunposed of anhcdrite infilled green

dol omi ti c si I tg shal e and I q¡¡er

dolomitized cFHptalgal laminae.

The latter is a lithographicr gFeU

buff anhcdri te infi I led dolostone.

Vaguelg Freserved cruptalgal

laminae obserued. Porosi tc is < l7'.

Lll 3210' ó'

- SZlg' 9',

t.zo

LiÈhographicr greH buffr anhgdrite

infilled with dolostone. Vaguelu

Fresenved crcpiatgat laminae'

Anhgdri te infi I led fractures

present. Porositc is < 11,z..

32r l'
- SZll' z'

tlppep FeFt conrposed o:f lithographic

gres buff, anhsdrite infilled

doloEtone. Vaguelg pneserved

cnHptalgal laminae pnesent.

Porositg is < l"/..



| "zl

209

Lor¡¡er part consists of greg white

nodular anhgdri te '

3Zl l' 4"

- SZll' ê"

t.3r 32t7',

- 3217', 3u

Gìreg wh i te nodul ar anhgdr i te .

t.32,

Lithographic, gl*e'J buff , anhudrite

infi I led dolostone. Vaguelu

Freserved crgPtalgal laminae

obserued. Anhgdri te infi I led

fracture present. Ponositg is < l'1"

3ZZ5' ll"

- 3??.6', Z"

L33

Lithographicr greu buff, anhsdrite

infi I led dolostone. Vaguelu

preseFved crgptalgal laminae.

ânhgdrite infilled fractune present'

Porositg is < L7..

3227', 4"

- 3227', 7'

r ,40

Lithographic gnes buff, anhgdrite

infi I led dolostone. Vaguelu

preseFued crcptalgal laminae

obserued. ânhcdri te infi I led

fractune present' Porositg is < 17"

32?7', 7"

- ?zz7' 9"

Enosional contact between upper

dolqnitized cFHPtalgal laminite and

I q¡¡er dol sni ti zed pe I oi dal grain-



2ro

stone.

The fonmer is a lithograPhicr buff

gl*eg, anhgdri te infi I led dolostone.

Vaguelg pneserued cruPtalgal laminae

present, Anhgdni te infi I led

fracture observed. Porositg is

u ?,.î/..

The latter is a lithograPhie to

subl i thognaphic, gres bufft

partial lc anhgdri te infi I Ied

calcareous dolostone. The

consti tuent panticles are peloids.

Anhgdrite infilled fracture present.

tli I stain observed.

I .41 3?'28', Z'.

- ?ZZÊ'. 5"

l.5l

Sublithographic r gres bufft

pantial lc anhgdri te infi I led dolo-

mi tic I imestone ' Consti tuent

particles are peloids. Ventical

fnacture with oil stain observed.

3230', 3'

- 3 38', 6'

Subl i thognaphic, buffr Partial lc

anhudr i te inf i I I ed dol orni ti c I ime-

stone. Constituent Particles are

bioclasts of sand size. Light oil

stain present.



1.é1 3.23ã' l'

- 3235', ê'

2TI

EroEional eontact between upper

dolsni tized bioclaEtic arainstone

and I æ¡er dol onri ti zed stnqnatol i te .

The former is a sublithograPhict

gneg buffr påtrtiallg anhgdrite

infilled dolornitic I imestone.

Consti tuenÈ particles are bioclasts

of sand si ze " Li gh t oi I stain

presen t .

The latter iE a sublithograPhict

buffr partial ls anhsdri te infi I led

dolqni tic I imestone. LLg tcpe

strorîatol i tie stnucture recognized.

Irnegulan fenestrae ås well as

I aminoi d fenestrae be tween I aminae

of algal structure obserued. Light

oi I stain presen t.

l "62 3?48',

- 3249', Z'

Eanthg, buff white, massiue,

pantial I'J anhgdri te infi I led

dolsni tic I imestone. Encrustation

bu algal filaments observed unden

microscope. Vertical desiccation

cracks abundant. Stglol i te present.

Light oil stain obsenued.

r.7L 3?lt ', I l' Sublithographic, tan, massiuet



- 3¿42,' l.

r.7z

2I2

per- t¡ al I g anhgdn i te inf i I I ed dol o-

mi ti c I imestone. Encrustati on b,J

algal filaments obserued under

mi croscope . $tgl ol i te presen t.

3245'

- 3246' 30

I .81

Sublithographic to eanthg, gFeg

buff to buf f wh i te r Fâr* ti al I s
anhcdri te infi I led I imestone.

Consti tuen t par ti c I es ane vadoi ds

( pe I oi d si ze through 4 nw¡) . Li gh t
oi I Etain present.

3.25¿' I l.
3253"

1.82

Subl i thognaphic, buffr paFtial lc
anhsdr i te inf i I I ed dot orni ti c I ime-

stone. Constituent particles are

uadoids (peIoid size thnough Z nm).

Stctol i te present.

3?34' ó'

- 325l' 10.

l.gl

Sublithographic, buff to gres buff,
par ti al I c anhsdn i te infi I I ed dol o-
mi tic I imestone. Consti tuent
particles are vadoids (peloid size
through 4 rrn). Associated uadose

erusts obsenved. StrJl ol i te presen t.

3Z5g' l.

- 9¿5€' 4.

Subl i thographic to

pantial Ig anhgdni te

earthg, buff,

infi I led dolo-



213

mi tic I imestone. Consti tuent

panticles are vadoids (peloid size

through 2 rm). âssociated vadose

erusts observed. Stclol i te pnesent.

Ponosi tg ¡t 7.îL

t.?la 32ófl' ó'

- 32é0', I'

l.?lb

Li thognaphic, cFeamr patrtial lg

anhgdri te infi I led dolqni tic I ime-

gtone. Crgptalgal laminae

obsenved. Laminoid fenestnae

abundant" porosi tC n g;4"

3?62', t'

- 3zê2', 3'

Enosional contact between upper

dolsnitized cngptalgal laminite and

Itr¡er ¡4C-2 bed,

The former is a sublithographic,
gFeg buff partiallc anhgdrite

infi I I ed dol sni ti e I imestone "

Vaguelg Freserved crHFtalgal laminae

present" Porositc is < l'¿,.



Samp I e

No"

274

-zt-3-zgJt
K.B. I553 FT

z.l l

Dep th

SZgl' Li thographie, gres

- SZOI' 3" infilled dolostone.

z.t2

Description

32t8', 4'

- 3208', 5'

presenued crgftal gal

observed.

2.Zl

Li thograph i c r gneH buff ¡ påtr ti al I c

infi I led dolostone " tonsti tuent

buff, anhudri te

panticles are vadoids (peloid size

through 2 nwn). Anhgdri te infi l led

uertical fractune pnesent. Light

oil stain obserued.

Vague I u

I aminae

3Zt0'5'

- 3210' 7"

z.zz

Li thograph i c r gneH buff r patr ti al I c

anhgdr i te infi I I ed dol ostone .

Constituent particles are uadoids

(peloid Eize through 2 rrn).

âssociated vadose crusts observed.

3Zt0'l0'

- 32tt'
Li thognaphic r greg

par ti al I c anhsdn i te

stone. Constituent panticleg are

buff to brærn,

infilled dolo-



?.31

215

uådoi ds ( pe I oi d si ze thnough I nm) .

Associated vadose crusts observed.

Light oil stain Present.

32|2'. 7'

- ?Zlz'. ?'

Lithographic, buff r Partial lH

anh,Jdrite infi I led I imestone.

Constituent particleg are vadoids

(peloid size thnough 4 ¡rsn).

êssociated vadose crusts observed.

AnhHdr i te infi I I ed ver ti cal

fractune Present.

2.32 32t3', 7"

- 3213', 9"

2.33

Lithographic, buff to greu bufft

par ti al I c anhgdr i te infi I I ed

calcareous dolostone. Constituent

particles are vadoids (peloid size

through 2 rrn). Agsociated vadose

crusts present"

321S', 7"

- 3215', 9'

Subl i thographic, buffr Partial lc

anhgdr i te inf i I I ed dol orni ti c I ime-

Etone. Constituent Particles are

vadoi ds ( pe I oi d si ze thnough 2 ¡run) .

AEsociated vadose crusts recognized.

Anhgdni te infi I led vertical

fractune present. $tglol i te

obsenued. Light oil stain present.



2.34 3216',

- ?Zlê', 4'

216

Lithographic, buff to greg,

pan ti al I c anh'Jdn i te inf i I I ed dol o-

stone . Consti tuen t par ti c I es ace

vadoi ds ( pe I oi d si ze through 4 nm) .

âssociated vadose crugts present.

Anhcdr i te infi I I ed ver ti cal

fracture observed.

2..41 3218', 7'

- 3?le' ?'

Subl i thographic, buff r pårtial lc

anhgdri te infi I led dolqni tic I ime-

stone. Constituent panticles are

vadoids (peloid size through 3 ¡rrn).

Associated vadose crugts pnesent.

StrJl oI i te observed. Li 9h t oi I stain

pnesen t.

2.42 gZZA', Z'

- ?Zzg', 4',

Gnadational contact between uppe¡'

dol qni ti zed uadol i te , and I s¡¡er

dol sr¡i ti zed crup tal gal I amin i te .

The former is a sublithographic to

earthg, buff whiter Fetrtiallc
anhgdri te infi I led dolsni tic I ime-

stone. â fer^¡ uadoids (peloid size

thnough I nm) recogn i zed,

The latter is a sublithognaphic to

earthg, buff whiter patrtiallc

anhudri te infi I led dolqni tic I ime-



2.43

2r7

stone. Vaguelg preserved

laminae observed.

Stulol ite present between

facies. Light oil gtain

3228' 8"

- ?ZZO', 10'

2.44

Li thograph i c r 9r*e9 buff r Pel'ti al I c

anhsdr i te infi I I ed dol sni ti c I ime-

stone. Vaguelg preserved cFHPtalgal

laminae observed.

3ZZ3' Subl i thognaph i c to ean thu r crearrì t

- 3ZZ5' 2' pan ti al l,J anhgdr i te inf i I I ed dol o-

mitic limestone" tJell Preserued

crHptalgal laminae obsenved.

Inregular fenestrae Pnesent.

ergp tal gal

the t¡¡o

obsenved.



Samp I e

No"

2r8

t3-3-28ttl
K.B. T553 FT

3.t0

Dep th

32,3é', ?"

- 3?,3,6', I t'

Description

PreJunasEi c unconformi tc be tween

upper Jurassic *nananth red bed

ccmposed of rust red, anhcdrite

infi I led, dolqni tic si I tstone, and

lq*¡er lithographic to sublitho-
graphic, gneg to buff gPeg¡

anhgdri te infi I led angi I laeeous

dol ostone .

In the latter cnHFtalgal laminae

observed; ponositu is < lZ.

3.11 3237' Z',

- 3?37'. 4â

3.12

Li thognaphic to subl i thographic,

greg to buff greg, anhgdnite

infi I I ed argi I I aceous dol ostone .

Crcptalgal laminae observed.

Porosits is < lZ.

3240',

- 3Z4g' 3'

Li thognaphic r gneu

infi I I ed dol ostone .

Freserued cruptalgal

observed. Porosi tc

bu:Êf, anhgdrite

Vague I v

I aminee

is < 17..



3. 13 3243'. I'

- 3243', I I'

219

3.Zg

Opper part cornposed of lithognaphict

greg buff, anhgdr i te infi I I ed dol o-

stone. Vaguelg preserved crgPtalgal

laminae present, Porositg is < l'1,.

Ls¡¡er pant consists of greu nodulan

anh'Jdn i te .

3244', I "

3244' 3u

tlpper part conposed of grerl nodular

anhgdn i te .

Lou¡er pan t consi sts of I i thograph i c

to Eublithographic, gneg bufft

par ti al I c anhsdr i te infi I I ed

calcareouE dolostone " Vaguelu

pFesenved cFcFtalgal lamin¿e

presen t. Porosi tc ts î/.. Oi I

bleeding obserued.

3.Zr 3244', 7'

- 3244' 10"

3.22

Earthg to subl i thographic r tan t

par ti al I 'J anhgdr i te inf i I I ed dol o-

mi tie I imestone. Consti tuent

panticles are peloids. Porositg is

lZ.ã7.. Li gh t oi I stain Pnesen t.

3252', Z'

- ?252', 4'

Earthc to sublithognaphicr greur

par ti aI I c anhtJdr i te inf i I I ed dol o-

mi tic I imestone, Consti tuent



3.3r

220

partieles are peloids. Ponositg is

? ,î1,. 0i I stain obsenved.

3¿53', ór

- 3253', 8'

3.40

Eanthc to sublithognaPhicr buff'

pan ti al I c anhsdr i te infi I I ed dol o-

mi tic I imestone. Consti tuent

par ti c I es are pe I oi ds. St'JI oI i te

observed, Porosi tg is 7.5.7..

Light oil stain Present"

3256'.

- 3256', 3'

Erosional contact present between

uppeF dolqnitized peloidal grain-

stone , and I q¡¡er dol orni ti zed

cruF tal gal I amin i te .

The former is a sublithograPhict

buffr pårtialtc anhcdritized dolo-

mitic limestone. Porositg is 5:¿.

Light oil stain Pnesent"

The latter is a lithograPhicr buff

greg r paF ti al I g anhgdn i ti zed

cal careouE dol ostone . Vague I u

ÞFeserved crgptalgal laminae

presen t. Porosi ts i s lE?4. Oi I

bleed in a band at toP.

3.51 3258',t0'

- 3U59',

Sublithognaphic

tan, partial lc

to eanthu, huff to

anhsdrite infilled



22r

cel cereous dol ostone . Vague I u

pFeset*ved cFcptalgal laminae

obsenved. Porosi tH i s 4l¿,, Li gh t
oil stain present"



Samp I e

No"

222

14-t3-3-ZgJr
K.B. I5óI FT

4. l0

Dep th

324ï'. 3"

- 3240', 5'

4.Zl

Description

pre_Jurassi c uneonformi t,J be tween

upper Jurassic funaranth red bed

cunposed of rust red anhgdrite

infi I led dolsni tic si I tstone, and

I o¡¡er greg nodul an anhgdr i te .

3243', 3ã

- 3243', 5n

4 "ZZ

Li thographic, gres

infi I led dolostone.

3248', I r

3248', 3'

preseFved cruptalgal

obEerved. PoroEi tg

4.23

Li thograph i c r g¡*eH

infi I Ied dol oetone.

3250', I 1'

- 3251', Z',

buff, anhgdri te

Vague I u

I aminae

is < lf,.

preserved crgptalgal

obsenved. Porosi tg

Lithographicr gt.eg buff, anhsdrite

infi I I ed dol ostone . Vague I u

preseFued eFcptalgal laminae

obserued. Porositc is < lf,.

buff, anhgdri te

Vague I g

I aminae

is < lZ,.



4,30 3?53' 2"

- 3253', 4'

223

Lithographic, buff brov¡n¡ FåFtiallc
anhrJdr i te inf i I I ed cel ce¡*eous dol o-

stone. 9aguelg presenved crgFtalgat

I aminae obEenved. Anhgdri te

infi I I ed frac tures pnesen t "

Porosits is ll. tl¡t bleeding

obsenved.

4.31 3254' 7.

- 3?,54' gu

4.49

Ean thc to subl i thognaph i c , buff,
pantial lc anhgdri te infi I ted dolo-

mi tic limestone. 9aguelg preserued

crgptalgal laminae present. Poro-

si tg is 7.î1. Light oi I stain
presen t "

3254' 10"

- 3255'

4.41

Ean thc to subl i thognaph i c , buff,
massiue dolqni tic I imestone.

Encrustati on bs al gal fi I amen t
observed under microseope.

Ven ti eal burrq¡¡s presen t, Porosi tg

is 4Î4,. light oiI stain observed,

325ê'

- 3256' 2a

Earths to sublithognaphic, buff,
par ti al I g enhgdn i te infi I I ed dol o-

mitic limestone. SE t,Jpe strsna-
tol i tic stnucture Fecognized.

Laminoid as well as irregular



4.42
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f enestrae presen t. St,Jt ol i te f i I I ed

with dead oil observed. porositg

is 5i{. Light oil stain pnesent.

325Ê' Z.

- 3259. 4.

Ear th'J to subl i thograph i c , massi ve ,

pan ti al I g anhgdr i te infi I I ed I ime_

stone . Encnustati on b,J al gal

filaments observed under micposeope.

fnregular fenestrae, and sheet

craefts as well as vel.tical
desiccation cracks present.

Porosi ts is ? "l/." Li gh t oi I stain
obsenved.

4.43 3Zó0' g'

3Z6E' 100

Earthc to sublithographic, buff,
pan ti al I c anhgdr i te infi I I ed dol o_

mi ti c I imestone . SH trtpe strorna_

tol i tic stnuctune obsenved.

Laminoid as well ås inregular
fenestrae, and sheet cracks as well
as vel.tical desiccation cracks

presen t. Ponosi tg is l/.. Li gh t oi I

stain observed.

4.51 3ZêZ' Z.

- 3?,62' 5.

Eanthc to sublithographic, buff,
pantial lc anhcdni te infi t led

calcareous dolostone. r.r.E tupe
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strornatol i ti c strue ture obserued.

Laminoid as well as irregulan

fenestrae, and sheet cnachs as well

as ueFtieal desiccation cnacks

pnesent. Porosits is lOY,. Light

oil stain obsenved.

4.SZ 32ê3', l0'

- 3zé4',

Eanthg to sublithographic, buff,
par ti al I c anhsdr i te infi I I ed

cal careous dol ostone , Strornato-

I i tic stnucture Fecognized.

Laminoid fenestrae present.

Porositg iE lî/," 0¡l stain

obsenved.



Samp I e

No.
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l5-t3-3-zgJl
K.B. I$5ó FT

5.1t

Dep th

3237', 3'

- 3¿37', án

s. l2

Descniption

Lithographic, buff gFegr anhudrite

infi I led argi I Iaceous dolostone '
Vaguelu preserued crgFtalgal

laminae obserued. St¡¡¿rm of f ine

clag seams present. Porositg is

< t7,.

3243' 100

- 3244', t'

5. l3

Lithographicr gneu

infi t led dolostone.

3z47', 7"

- 3.247', l0'

Fneserved crgptalgal

observed. Ponosi tg

5.21

Lithographic, light greu buff'

anhgdni te infi I led dolostone.

Vaguelg presenved cruptalgal

laminae observed" Anhgdri te

infi I I ed fnac tures pnesen t.

Porositg is < 1i/..

buff, anhgdri te

Vague I u

I aminae

i s < l'¿,.

324e', 7'

- 3249', 9¿

Earths to sublithographic, buff,

par ti al I c anhcdr i te infi I I ed



5.30
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celcåFeous doloEtone. Vaguelg

pneseFued crgptalgal laminae

observed. Porosi tH is s l0]z.. Oi I

stain present.

3250'

- 3250' 3"

Erogional contact present between

upper dol qni ti zed crHp tal gal

I amin i te , and I s¡en dol sni ti zed

pseudostnqnata.

The former is a Eublithogrpahic,

buffr partial lg anhgdri te infi I led

dol sni ti c I imestone . Porosi tg i s

* l/..

The latter is an eanth'J to sub-

I i thographic, massive, buff,
par ti al I c anhgdn i te infi I I ed dol o-

mitic limestsne, 9entical

5.31

desiccation cracks obEerved.

Porosi tg i s r¡ Sl. Li gh t oi I

present. StrJlol i te obsenved

the facies boundàPg.

3z5A' ?"

- 3250', ll'
Earthc to sublithognaphic, buff to

gFeg buffr partiatlg anhgdnite

infilled dolomitic limestone. LLH

tcpe strsnatoli tic stnucture

Fecognized. Irnegulan as wel I eE

stain

al ong
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laminoid fenestFae, and sheet

cnacks as well as ventical

desiccation enacks observed.

Porosit'J is n ltZ," Oil stain
pnesen t.

5.32 3?51' ?.

- 3252',

Erosional contact present between

uppeF dolqnitized strornatolite, and

I q¡er dol sr¡i ti zed vadol i te .

The formen is a sublithographic,

buf f to gneg, par ti al I rJ anhgdr i te

infi I led dolqni tic I imestone. LLE

tcpe stnsnatol i tic structure

Feeognized. Irregulan as well es

laminoid, and sheet eracks as well

aE vertical desiccation cracks

ohserved. Porositg is * g¿. Light
oil stain pnesent.

The latter is a sublithognaphic,

gres buffr patrtiallg anhgdnite

infi I I ed dol sni ti c I imestone .

Csnstituent particles are vadoids

(peloid size through 1,5 rrn).

Ponositg iE n¡ 7.î¡,. Oil stain
presen t.

5.33 3Zã4'9. Sublithognaphic, buff to buff gFeg¡



- 3234' I t.
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per ti al I 'J anhgdn i te inf i I I ed dol o-

mi tic I imestone. Consti tuent

particles ane vadoids (peloid size

through I cm). Associated vadose

crusts obsenved. Porositg is n¡ lî¿,.

Oil stain present.

5.34 325?', 4.

- 3259' 7.

Sublithographic to eanthg, buff,
par ti al I c anhsdr i te infi I I ed dol o-

mi tic I imestone. Consti tuent

panticles are vadoids (peloid size

thnough 7 nm), Associated vadose

enusts observed. Porosi tg is n rc]/,.

Oil Etain present.
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êPPENDTX B

CORE Aù$LYSES DATA



Company - KING RESOI-RCES COf\¡pANy
l',lel| - K-R ET AL PIERSON t-l8-j-28
Field - PIERSON, MANIT0BA
Localion - LSD t-lB-3-28 9J¡

'sAl'FLE DEPTH FOOT. PERMEABILITY To AIR PERM. PoRostTY PoRoslTy DENslTy VÍSUALREPRESEN'IED HoR IZONTAL) X ¡

CORED INTERVAL 32061 - 32571

/coRE 
N0. | 32O6t - 32571

2

4

5

o
7
S58

t0
It
IJ

t4
t5
lÒ

3206.0-3228.7 22.7
3228,7-3229.7 t.0 gz. 49.
3229.7-3230,5 0. B 6.7 3.7
3230.5-323t.3 0.8 6.8 6.5
323t .3-32)2.0 0.7 t5. t5.

3232.0-3233.0 1.0 t23. il4.
3233.0-3233.8 0.8 222. 222.
3233.8-3234.7 0.9 to. 7.5
3234,7-3?35.5 0.8 t4. O.2
3235.5-3236.3 0.8 56. 42.
3236,3-37j7.3 | .0 292. 122.
3237,3-3238.5 t.2 t.7 1.4
323A.5-3239,4 0.9 | ,7 | .6
3239.4-3240.4 ¡.0 4.0 3.2
3240.4-324t .7 | .5 2.3 | .9
3241 .7-3242.7 t.0 t,9 t.4
3242.7-3243.5 o.B 3t. 26.

CORE LABORATOR IES-CANADA LTD.
REG INA SASKATCHEI./AN

Date Report - DECEMBER lO, 1965
Formation - MlSSlSSlpplAN
D. Fluld - GYP BASE
Ana lys is - FULL D l/\tETER

(Rec. 50.4')

I7 3?43,5-32M-5 l.o 87. tf .
I B 3244.5-3245.4 0.9 | 6, I 5.19 3245.4-3246.4 l.o 49. 49.
2ß 3246.4-3247,3 0.9 25. 24.2t 3247.3-3248. ¡ 0.8 15. I | .

ß: ezlo
lnqaÉ,
3.6 5.M
o. | | 10.5

o.69 t23.O
| .4 177.6
o.29 9.0
0. f n.2

27. 44.8
15. 292.0

| .7 ?.o4
na" I qa

2.4 4.00
| .3 2.99
0.56 t.90
19. 24.8

| 4. 87.0
13. 14.4
8.6 49.0
2.8 22.5
o.l2 tz.O

re]o re]oo 2.24 zl,n
f 0.0 8.00 2.53 2.Bl
9.8 7.U z.5t 2,18
6.9 4.83 ?.64 2.83

15.3 15.30 2.3O 2.71
t4. | 1t.28 2.34 2.73

7 . | 6.39 2.59 2.78
6.5. 52.O
12.9 tO.32 2.50 2.87
12.5 t2.50 2,54 2.90
9.9 | t.8B 2.52 2.æ
ll.B t0.62 2.48 2,81
lB.t tB.t0 2.27 2.78
16.6 2t .5A 2.58 2.85
12. I t2. to 2.50 2.84
16.8 t3.44 2.3t 2.77

19.0 t9.00 2.22 2.74
| 8.0 | 6. 20 2.23 2.72
| 4. B t4. B0 2.34 2.74
lz.t t0.89 2.43 2.76
8.9 7.12 2.52 2.17

Page - lofS
File - CNP-3-4229
Analysts - GP:DP
Cores - D lAl'ÐND

l{cf analyzed by request
Intergran.PPV.anhydr lte, VF.
Inlergranu I ar, few SV.PpV.anh
Intergranu I ar, SV.PPV.anhydr
Intergranu I ar,PPV.anhydr I le,
shale breaks

lnlergran.PPV.anhydr ile, VF,
Intergranu lar,PPV. anhydr ite
Intergran. fen SV.anhydr lte,V
I ntergr an u I ar
Infergranular, PPV. anhydr lt
lntergranular, PPV. anhydrll
lntergranu I ar, few SV.PPV.anh
fn*orgranular, PPV.
Intergranular, few PPV.
Intergranular, few PPV.
Intergran. few PPV.shale brea
Intergranular, PPV. VF.sly lo
anhydr lte

lnlergranular, PPV. VF.
lntergranular, PPV.
Intergranu I ar,SV,PPV.anhydr I

I nterþranu I ar, SV.PPV.anhydr I

I nfer gran u I ar , SV.PPV . an hy dr i

NJ



SAIæLE OEP'IH FOOT.. REPRESENTEO

22
?\

25
26
LI

29

:r-

). I c0NT' D

3248.t-3248.9
3248.9-3?49.8
3249.8-3?50.8
3?50.8-325t.8
325t.8-3252.7
3252.7-3253.6
3253.6-3254.5
3254.5-3255.6
3?55.6-3256.4
3?56.4-3257.o

PPV

SS

PERI\EAB IL ITY To A IR
t-roR lzoNTAL)

0.8 2.1 t.90.9 0.57 0.54l.o 1.2 0.85
f .0 ?.2 t.90.9 2.2 t.50.9 t.7 t.20.9 0.97 o.9l
l. | 0.67 o.4B0.8 0.2 0.2
0.6

Pin polnt vugs

Smal I sample

n*ffiru
PERM. POROSITY POROSITY
xx

<0.0t t.68 7.2<0.0t 0.513 to.o<0.0t t.2O to.B0.59 2.2O I t.B3.5 l.9B il.7
0. 16 l ,53 t0. I

<o.0 | 0.873 9.2o.25 0.737 9,7o.2 0. 16 9.2

DENS I TY

5.76
o rìn

10.80
11.80
1o.55
9 .09
8.28

| 0.67
t.)ö

2.57 2.77
2.50 2.79
2.50 2.æ
2.46 2.79
2.50 2,A4
2.52 ?.el
2.53 2.19
2.54 2.Bl

Page - 2of3
Fl le - CNp-3-4229

Y I SUAL

sv-
vF-

lntergranular, ppV. anhydrlle
lnfergranu I ar,SV.ppV.anúydr I fe
Intergranu lar,SV. ppV.
lntergranular, few SV. ppv.
Infergranular, ppV.
Intergranular,few SV. ppV.
Intergranu lar, ppV.
Inlergranular, ppV. stylôl lte
I ntergrenu I ar
Lost core

Smal I vugs

Vertlcal fracture

t\)

t\)



Company - K ING RESOLRCES COi"IPANY

Wel | - KR ET AL N PIERSoN 3-20-3-28
Field - PIERSON, MANITOBA

Location - LSD 3-20-3-28 lflM

SAMPLE DEPTH FOOT. PERMEABILITY TO AIR PERM. POROSITY POROSITY DENSITY RESIDI.IAL SATIÂATION VISUAL
REPRESENTED HORIZONTAL ) X x OIL TOTAL IiATER

NII\,IBFR FEET

cmED INTERVAL 3197t - 32321

CORE ¡lo, | 3197t - 3232t (Rec. 35.0t)

I 5le7.0-3202.9
? 3?02.9-3207.3
3 3201.3-3209.7
4 3209.7-3?ll.O
5 321l,o-3212.O
6 32t2.o-3212.9
7 3212.9-3213.4
ss8 3213,8-3214. I

9 32t4.1-3215,1
l0 3zl5.t-3215.9
| | 3215.9-3216,9
12 3216,9-3217.7
t3 3217.7-3218.7
t4 3218.7-3219.7
l5 32t9.1-3?21.2
f 6 322l, .2-322.7

CORE LABORÁTORIES-CANADA LTD.
REGI NA SASKATCTIE|,/AN

REPR. K i"I,AX I( 9OO) VERTICAL FEET PER CEMT FEET BI.JLK GRAIN I PORE Í PORE EXAMINATIC

5.9 <0.o¡
4.4 <0.01
2,4 <0,0 |

1.3 {,01
1.0 <o.ol
0.9 <0,01
0.9 <0.01
o.3 t09.
t,o 0. 14

o.B 0.06
t.o 0, lo
o.8 3.1
l.o 0. l0
l.o o. 18
1.5 0. 17

t.5 0, le

Dato Report - SEPÍEMBER 28, 1967
Fornntion - MISSISSIPPIÁN
D. Fluid - GYP BASE

Analysis - FULL DIAMETER

ssf7 32"2.7-32?2,9 0,2
l8 322?,9-3223.9 l.O
19 32?3.9-3?24.8 0.9
20 3274,A-3225.8 1.0
2t 3225,8-3227, | 1.5
ss22 3227,t-3228. | 1.0
ss2f 32.28,t-3228"8 0.7

<o.ol <o.ol <o.ot l. I

<o.01 <o.01 <0.01 2.4
<o.ol <o.ol <o.ol 1.8
<0.01 <o.ot <0.01 0.6
<0.01 <o.ol <o.ol t. I

<o.ol <0.o1 <0.o1 7.7
<0.01 <0.01 <o.ol ¡.6
75. 3t. 32,7 6.3
0. 14 <0.01 0. 140 2.0
0.06 <0.01 0.048 8,6
0. l0 <0.0t 0. t00 6.8
o,29 0.38 2.96 5.5
0.07 <0.01 0.100 8.9
o. 16 <o.01 o. l8o It.8
0. f 4 <o.01 0.255 lo,2
0.06 o. ll 0,285 9.9

2,7 2.5
1.4 1.4
t.8 1.3
o.30 0. t6
2.3 0.44
o.2 0.2
0.f o.3

Pagê
File

6.49
to.56
4.32
0.78
l. lo

1.44
l.89
2.00
6.88
6.80
4.40
8.90

11.80
| 5.30
t4.85

t^t
7.90
o rìô
8.90

14.82
I 3.80
ó. c9

Analysts - æ HK

Core - DlAt',¡Olü CIRES

-lof2
- cNP-5-5164

)AA 
'AO2,44 2.91

2.A5 2.90
2.44 2.86
2.Al 2.U
2.68 2.90
2._16 2.81

2.74 2.æ
2.46 2.69
2-63 2.82
2.& 2.79
?.64 2,9O
2.62 2.97
2.50 2.14
2.52 2.80

2.53 2.74
2,44 2,7 |

2.52 2.77
2.45 2.76

1,5 0.54
0.97 1.40
o.80 1.62
0,36 o.JO
0.56 2.99
0. I o.20
o.2 0.21

0.0 69.2
o.o 60.0
0.0 86.6

Trace 83. I
| Â c3rl
o.0 æ.6
6.4 æ.2
0.0 69.3

Trace 54.4
2.2 54,7
7.1 59.0
0.0 70.o
f :( Ãc rl
0.0 &.4
0.0 6B.8

19. B 26.7
3.6 55.4
9.7 44.4
9.1 44,9
0.0 5l,.2
0.0 69.5
0.0 59.8

t3. I
7.9

l0.o
8.9

| 1.4
¡5.8
Â7

¡. A.
I. A.
t. A.
t. A.
l. A.
I, A. PPV.
I. A. PPV

F.sand, A,

. A. PPV

. A. PPV

. A. PPV

. A. PPV

I. A. PPV

I. A. VF.
I. A. VF.
Few PPV.
t.
t,
I

I

t.

N)

UJ

A. PPV

A. PPV

A, VF.
A. VF.

tÂ



CORE LABORATORI ES-C'ANADA LTD'
REGI NA SASKATCHEWAN

SAI'1PLE DEPTH

CORE l',1O. I (Conlrd.)

ss24 3228.8-322e.6 0.8
25 3229.6-3730.5 0.9
ss26 32n.5-3231.3 0.8
ssz? 3231.3-3232.0 0.7

lË

cç

PPV.
vF.
ovF.
t,

REPRESENTED
FEET

FOOT.
HORIZONTAL )

K MAX I( 9OO)

PERMEABILITY TO AIR

KtNG RESOIJRCES CCÐ4PANY

KR ET AL N P¡ERSON 3-20-3-28

<0. l <0. I* 0,09
0.1 o. l

o.2 0. I

VERT I

- Broken or fractured core
- Smal I sample
- Pin point vugs
- Vertical fracture
- Open verfical fraclure
- lntergranular
- Anhydr ite

PERM. POROS ITY
X

<o. I
*

0. 1

0. 1

<o. I

0.081
0.oB
o. l4

POROS I TY
x

Page -Zof?
Flle - CNP-5-5164

DENSITY RESIDUAL SATLFìATION VISUAI

OIL TOTAL IIATER

5.t
8.8
5.0
8.6

2.48
7.92 2.61
4.00
6.O2

N I PORE I PORE EX¡J''IINA

- Trace 7l.O
2.86 0.0 58.9
- 0.0 66.0
- 0.o Bl .2

t. A. 0
t. A,
l. A.

t$
UJ
N
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APPENDIX C

STATISTICAL DATâ



DOLü4ITE RHOMB

FROT4 DI FFERENT

CIBS XI

(Xl=3228 .7-32??,7 FI
xþ3231 .3-3232 .0 FT
X5=323ó.3-3237.3 FT
'¡17=3242.7-3243.5 FT

X9=3254 .5-3255.6 FT ,

I 22 ,0g 49 .0é 22 ,08
2 73.58 24.53 39,25
3 24 ,53 41 ,70 ?6,?8
4 31 .89 t9.6? 31 .8?
5 t?.6? ?9.43 34.34
ó 49,0ó 31 .89 t?,67
7 44 . 15 2é,?8 2ó.98
8 49.0ó 36.79 41.70
? 78,49 34 .34 36,7?

l0 24,53 17,t7 ?9,43
t I ?2.88 80.94 73.58
12 49.0ó 4?.0ó 3r .89
t3 53.9ó 24.53 17,t7
14 l? .62 22 .08 24,53
t 5 29 ,43 24 .53 2é ,98
ló 31.89 t?,62 44.15
17 34 .34 36,7? 34 .34
t B 4ó. é0 39.25 24.53
19 36,7? 31 . 89 22 ,08
20 t9.á2 ?6.?8 36.7?

X2

SIZE IN 1'4ICRONS

DEPTH INTERVALS

X3

X2=3230.5-3231 .3 FT
X4=3235.5-3236.3 FT
Xé=3240 ,4-3?41 ,7 FT
X8=3245.4-3246.4 FT

Xl0=3255.ó-325d.4 FT)

x4

24,53 44.t5
r7,é? t?.62
36,79 ót .32
4l ,70 36,79
24.53 3l,89
l? ,62 36,79
36.7? 36 .79
22.08 49.0é
31 .89 34.34
34.34 24,53
39.25 73.59
31,89 4?.0ó
2?,43 34.34
41 .70 4? .0é
22,08 6é.23
?9,43 73.s8
t7 ,t7 36,7?
51 .51 3l .89
24.53 34,34
22.08 2ó.98

X5 Xó

34 .34 44. 15 ?é,?8
26.?g t? .ê7 ó8.68
19,42 41 .70 2?.43
4?.0ó 34.34 24,53
t7 ,t7 24 .53 49 ,06
5ó.42 53.9ó 24.53
24,53 3t .89 39.25
73 . 58 t?.26 t? .6?
5t.51 t9.62 56,42
44.15 ó8.ó8 41.70
3é.7? 73.58 98, t 1

t7 ,t7 24 .53 73 .58
19.62 ?6.?8 3t .B?
3l .89 t7.t7 41 .70
79,4? 53, ?ó 34 .34
24.53 31.89 24.53
36,7? 24 .53 53 .9d
26,98 22.09 3t.89
44.15 29,43 79,49
36.79 36,7? 24 .53

x7 X8 X9

l, ,6? 22.08
53.9é t7 .t7
24 .53 53 .9ó
44.15 31.87
?9,43 24.53
63.77 73.58
31 .89 t7 ,t7
3r.89 31.99
4?.0é 17 ,t7
22,09 4r,70
34,34 44.1 5
3é,7? 17 .r7
2?.43 t9.62
t7.17 4?.06
41.70 t7,t7
22.08 5ó,42
24 .53 24 .53
44.15 51.51
36.7? 34 ,34
2?.43 61.32

xl0



OBS DEPTH IN FEET DOL

r 3228.7 T0

2 3230.5 TCI

3 3231.3 T0

4 3235.5 T0

5 323ó.3 T0

d 3240.4 T0

7 3?4?,7 T0

I 3245.4 T0

? 3254,5 TCI

r0 32s5.ó T0

237

DATA USED FOR CORRELATIü,I HATRIX

32??,7 36.66

323r .3 20.00

3232,0 t 5.00

323ó,3 5.00

3237 ,3 25.00

324t.7 35.00

3243 .5 4 .00

3246,4 20 .00

3255.é 35.00

325ó.4 57.50

AN PHAI LHEAN LSD

10.00 t8.0

3.00 9.8

3.00 6,9

3.00 t?.?

7,50 t2.s

17,50 t6.6

I .50 1ó.8

5.25 14.8

1.00 ?,7

7.50 ? ,2

3.55 0 .43

3.44 0,71

3.42 û .33

3.3ó 0.10

3.57 0.t3

3,53 0.45

3,44 8,47

3,67 0 ,4ó

3.48 0 .35

3.45 0 .50

LKHAX LK9O LKV
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