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ABSTRACT: The Early to Middle Oligocene is missing throughout much of the Arabian Peninsula. Only in the Oman Mountains
and related linear NW-SE trending mountains are these sediments found. In the United Arab Emirates shallow water carbonates of
the Asmari Ponnation (Early to Middle Oligocene) range from 435-481 m (1427·1578 ft), cropping out at the Jabal Hafit area near Al
Ain. Detailed measured sections, sampling and thin section analysis show these carbonates comprise seven distinct facies: 1)
Nummulitic Packstone, 2) Foraminiferal Wackestone/packstone (non-Nummulitic forams), 3) Echinodenn/R.ed Algal Packstone, 4)
Coral Framestone, 5) Peloidal Packstone, 6) Mudstone/Wackestone, and 7) Dolomite.

Diagenetic events which have affected the Oligocene section include early cementation, formation of miaite envelopes,
inversion of original aragenite and high Mg..calcitefabrics (i.e., biogenic tests and early marine cements) to low Mg-calcire, leaching
of tests, dolomitization, stylolitization and fracturing, late diagenetic coarse calcite spar cementation, emplacement of bitumen
within stylolitic seams and finally, hematite and pyrite staining.

A depositional. model has been proposed based on the fossil and lithofacies assemblages which suggests that a deep, outer
shelf, quiet water lagoon supplies peloids to the back-reef, reef and fore-reef facies as well as the shallow open marine facies of the
inner shelf. A short-lived sea 1evel1ow is believed to have occurred; where continental waters manifested their presence in rare
chertification and partial to complete dolomitization of some samples.

INTRODUCTION

The Oligocene carbonates form the main reser­
voir unit in onshore Iran and northern Iraq. Richardson
(1924) introduced the term Asmari Formation, which gen­
erally developed as a massive, dense limestone with rela­
tively poor primary and secondary porosity. However, the
Asmari is one of the most prolific reservoirs in the world,
but thisis basically a result of theextensive fracturing rather
than the naturalporosity of the formation (Setudehnia 1972).
Pilgram (1908) was the first to publish the reference sec­
tion of the formation in Iran. while Thomas (1950) first
published in detail the type section on the southwest flank
of Kuh-e-Asmari anticline at Tang-e-Gel-e Tursh in south­
west Iran. The formation there consists of about 314 m
(1030 ft) of cream to brown. weathered, well-jointed lime­
stone with shaly intercalations.

During Middle and Late Eocene times, a wide­
spread regression occurred and a large part of Arabia and
Iranunderwent uplift and erosion. In early Oligocene time,
a marine ttansgression occurred in parts of Iraq, Iran and
the southern Arabian Gulf. However, some areas remained
emergent until late Oligocene times when a widespread
marine transgression covered much of Iraq, southwest and
southeast Iran and the United Arab Emirates (Murris 1980;
Alsharhan and Nairn in press).

The present study focuses on Jabal Hafit (24002'N
to 24°13' N latitude, 55°44'E to 55°49'E longitude). lo­
cated in AI Ain city near the border between the United
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Arab Emirates (U.A.B.) and Oman (Fig. 1). Jabal Hafit is
an anticlinal structure plunging south in Oman and north in
the United Arab Emirates. This structure is approximately
29 km long, 5 km wide, and reaches an elevation of about
1160 m above sea-level. At its northern end, the Hafit fold
is symmetrical with flank dips about 10° and is cut by nu­
merous normal and near-vertical faults and some reverse
faults. Most of these faults either die out away from the
core of Hafitor show reduced displacement. In the north­
ern part of Hafit overturning toward the east is indicated as
the Middle-Late Eocene carbonates dip about 10° and are
overlain by Oligocene carbonates which dip steeply or are
overturned in the eastern limb of the structure and dip gen­
tly in the western limb. In the central part of Hafit, there is
a tightly-pinched, overturned syncline with a reverse fault
in the overturned limb (see Hunting 1979; Warrak 1986;
Whittle and Alsharhan 1994). The southern part is over­
turned at all exposed horizons and is displaced toward the
east with the overturned limb being cut by a thrust.

Jabal Hafit iscomposed primarily ofcarbonate and
marl, ranging in age from Early Eocene to Miocene. In the
subsurface of the United Arab Emirates, the Asmari ranges
in thickness from 54-108 m (177-354 ft) and can be di­
vided into three units (Fig. 2). The lower unit is nummu­
litic and pellety dolomite and dolomitic limestone with silty
mudstone and anhydritic nodules. The middle unit con­
sists of intraclastic and nummulitic packstone/grainstone
and calcareous mudstone. The upper unit is silty dolomite,
dense and pellety in part, interbedded with pellety lime­
stone and stringers of calcareous mudstone.
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Figure 2. Detailed stratigraphic column/or the Oligocene Jabal Hafit section.

LITHOSTRATIGRAPHY
OF THE ASMARIFORMATION

In the study area in onshore AbuDhabiat JaOOl Hafit
(Fig. 1) the AsmariFormation (Early to Middle Oligocene)
has a thickness ranging from435~81 m (1427~1578 ft). It is
composed of marl with recrystallized gypsum in the lower
part, grading to algal, coral and nummulitic limestonewith
dolomitic marlyand chalky interbeds in the upper part (Fig.
2). It has different rock unit and member names (Table 1),
but in this study, wedivided it into three lithological units.

Unit 1: It is equivalentto TIe7 (Hunting 1979), the
upperpartoftheSenaiyaFormation (CherifandEIDeeb 1984)
and the ZakherMemberof the AsmariFormation (Hamdan
and Bahr 1992). The unit consists ofabout247 m (810ft) of
siltymarl in the lowerpart, grading vertically to gypsiferous
marl with conglomeratic limestone. Hunting (1979) and
CherifandEI Deeb(1984) assignedthe ageof this unit to the
LowerOligocene. Anan et al, (1992)and Hamdanand Bahr
(1992) assignedan Early toearlyMiddleOligoceneage based
on microfossil studyand biostratigraphy.
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Unit 2: It is equivalent to the Tlo, (Hunting 1979),
Lower Member oftheAIJawwFonnation(CherifandEl Deeb
1984) and the MutaredhMember of the Asmari Formation
(Hamdan and Bahr 1992). The unit consistsofabout 153 m
(502ft) of thickly-bedded algal, coral and nummulitic lime­
stone. The age of this unitwas givenby Hunting(1979) and
Cherif and EI Deeb (1984) as Middle Oligocene, while
Hamdan andBahr(1992) assignedamiddleMiddleOligocene
agebased on planktonic foraminifera and nwnmulitids.

Unit3: It istheequivalent of'Tlo, (Hunting 1919),the
UpperMember of the AIJawwFonnation (CherifandEl Deeb
1984) and the Muwaiji Member of the Asmari Formation
(Hamdanand Bahr 1992). The unit ranges in thickness from
35-81 m (115-266 ft) and iscomposed ofpoorly-bedded, marly,
foraminiferal limestone with coralheads, gastropods and echi­
noderms. It grades intoan upper part of thinly bedded, marly,
oolitic andbioclastic limestone, gypsiferous, richly fossiliferous
marland clay. Theageof thisunitwasgivenbyHunting (1979)
as Oligocene to Miocene, while Cherifand El Deeb(1984) as­
signed it to the Middle Oligocene. Hamdan and Bahr (1992)
and Anan et al. (1992) assigned it to the lateMiddle Oligocene
based onnummulitids.
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Table1. Nomenclaturefor the Oligocene
section in the Jabal Hafit area. Note that
this study divides the Oligocene into
three new units based on fossil and litho­
logic assemblages.

FACIES ANALYSIS OF THE ASMARI FORMATION

In onshore Abu Dhabi, seven facies have been de­
finedin theEarly-MiddleOligoceneAsmariFormation. These
include: 1) Nummulites Packstone, 2) Foraminiferal
Wackestone/Packstone, 3)Echinoderm/Red AlgalPackstone,
4) Coral Framestone, 5) Peloidal Packstone, 6) Mudstone!
Wackestone, and 7) Dolomite. Thesefacies are described be­
lowin termsof theirfossil assemblages and diagenetic modi­
fications. There are some similarities between facies. Non­
skeletalgrains are subordinatein all facies savethe Peloidal
Packstonefacies. Thesenon-skeletal grainswereusuallyen­
veloped by a micriteenvelope and showed no internal struc­
ture. On rare occasions, concentric layering of ooidswasob­
served. However, thevastmajorityof non-skeletal grainswere
ellipticalin shapeand are thought to havebeenpelletsorigi­
nally. Whether theyare of fecal origin is difficult to impos­
sibletodetermine. The term "peloidal"isused forthePeloidal
Packstonefacies (described below) because ofthe lackofhard
evidencefor these non-skeletal grains being pellets and be­
cause many of the grains may be highlymicritizedskeletal
fragments. There appear to be roughly twotypesofpeloids:
1)fine-grained « 20 mm) peloids(Fig.3A) whichareagglu­
tinatedintoaggregates, formingbotryoidal grains (intraclasts
which are coated; after Harris et al. 1985)on the order of 50
to 200 mm; and 2) coarser-grained (» 45 mm) peloids (Fig.
3B)which are not aggregated but are cemented within either
a muddyor sparrymatrix. Peloids(referring to both the non­
skeletal pellets and any skeletal grains that have been
micritizedbeyond recognition) were heavily bored through­
out the section. The borings are filled by micrite and are
attributed to the workof boring cyanobacteria. Compaction
features wereconsistentthroughout theOligocene section and
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where filled, fractures wereoccluded bylate-diagenetic, coarse
calcitespar whilestylolites werefilledwitha bituminous resi­
due.

NummulitesPackstone

This facies is dominated by Nummulites sp. with
subordinate uniserial and miliolid foraminifera (e.g.,
Quinqueloculina, Triloculina) (Fig. 3C). Echinodermfrag­
mentsand red algae (e.g.,Goniolithon, Lithothamnium ) are
also common (Fig. 3D). Chertification of one Nummulites
sp. test was recordedand staining by hematiteand bitumen
has occurred. Matrix cementation is primarily byearlycal­
cite spar, but some mud occurs locally. Fracturing and
stylolitization are common and porosityis very low to nil in
this facies due tomatrixcementation and latecementation by
calcite. The high concentration of Nummulites sp. in this
facies suggests a somewhatrestrictedsetting. However, while
the numberof other types of skeletalgrains is small, the di­
versity of species is moderate. This indicatesa depositional
environment which is slightlyrestricted but proximal to an
openmarinesetting.

Foraminiferal WackestonelPackstone

This facies occurred near the top of the section
bounded aboveand below by the Nummulites Packstone fa­
cies. The difference between the two is primarily less
Nummulites sp.and morenon-Nummulite foraminifera in the
Foraminiferal Wackestone/Packstone (Fig. 4A and B).
Quinqueloculina sp.,Triloculina sp. as well as peneroplids,
peneroplids and variousuniserial forams(unidentifiable due
torecrystallization) are abundant. The matrix is cemented by
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Figure 3. Two types ofpeloids occur in the study area: A) fine-grained peloids «10 um) which agglutinated into
aggregates.forming botryoidalgrains on the orderof50 to 200um (crossed nicols); andB) coarse-grained (= 45 um)
whichdo notaggregate butarecemented withineithera muddyorsparrymatrix(crossed nicols). C) Nummulites sp, and
subordinate miliolidforaminifera compose the Nummulites Packstone (crossed nicols). D) Echinoderms (center and
extreme right) and red algae (upper right) are common but subordinate skeletal grains in the Nummulites Packstone.
Despite a high diversity, the overwhelming majority of the grains in this facies are Nummulites sp. (crossed nicols).
Scale bar in eachphotomicrograph equals500um.

sparry calcite(Fig. 4A) with local muddy portions at the top
and bottomof the section,while the middleis predominantly
muddy(Fig.4B). No compaction-pressure solutionfeatures
wereobserved in this facies. The muddymatrixand increase
in foraminifera diversitysuggesta moreopen marine setting
than the Nummulites Packstone.

EchinodermIRed AlgalPackstone

While echinoderms andredalgaeareubiquitous in the
Early-MiddleOligocene section, there isadefmablefacies where
theirabundance ishigher thanelsewhere (Figs. 4CandD). Some
echinoderms showasyntaxialcalciterim(Evamyand Shearman
1965)andall haveneomorpho-sed to lowMg-calcite, Onrare
occasions, red algaehavebeenpartiallydolomitized. Nummulites
sp., bivalve shells andserpulidtubes occur in smallamounts in
thisfacies. Thematrixwasobserved tobebothmuddyandsparry
in places, probably a function of theamount of dissolution and
recrystallization. Extensive hematite and bitumen staining is
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common, Solution vugsand enhanced moldsoccuroccasion­
ally, giving thisfacies lowtomoderate porosity. Solution-com­
paction features are connnon as fractures, stylolites and grain
interpenetration occurfrequently. Due to thehighdiversity and
biomass ofbioclasts inthisfacies, it is interpretedashaving been
deposited in a shallow openmarine setting.

Coral Framestone

In addition to abundantcoral fragments, this facies
also is characterizedby red algae, miliolidforaminifera and
echinoderm fragments. Primaryporositywas probably excel­
lentprior to the formation ofcalcitespar, whichhas occluded
virtually all pores (Figs.5A and B). No cryptocrystalline ce­
mentcommonlyassociated withreefdeposits (Friedman 1985)
was observed. Occasionally, samples show some solution­
enhanced vugs, but the porositycreated is not significant
Cryptalgallaminations arepresent,indicating microbes were
quiteactivein this faciesas well. The coral itselfhas recrys-
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Figure 4. A) The Foraminiferal Wackestone/Packstone/acies occurs toward the top of the Oligocene sectionand con­
tainsprimarilymiliolidforaminifera and is cemented by a sparry matrixat the baseand topofthe layer(crossed nicols).
B) In thecenterofthe layer, thematrixis muddier. Note thatleaching ofmiliolids in thisfacies providedmoldicporosity,
but this is insignificant asfar as reservoir quality(crossed nicols). C) TheEchinoderm/Red AlgalPackstone represents
themostopenwaterenvironment in the studyarea. While echinoderms andredalgaearecommon in otherfacies in the
area. they are thepredominant grains in thisfacies (crossed nicols). D) The skeletalmaterial in the Echinoderm/Red
AlgalPackstone appears to be bimodal: < 10}lmfragmentsandlarger intactfossils (crossed nicols). Scalebar in each
photomicrograph equals500um.

tallizedto calcitespar; if the original fabric was heavilybored
(whichis highlylikelygiven the microbial activityin theother
facies), then these borings were not preserved. The abun­
dance of coral fragments suggestsa reef to fore-reefdeposi­
tional setting.

Peloidal Packstone

This faciesis present in the lowerpart of the section.
It is highly stylolitized and fractured; fractures are filled by
late-diagenetic coarse sparry calcite ranging in size from 70
to 100 mm, which is often twinned. Peloids, defined and
discussedabove, are well-sorted and cementedmostlybyearly
calcitespar and bymicrite local1y. Somegrains are recogniz­
ableas foraminifera and echinoidsas theouterwaIl and cham­
bers have been preservedby recrystallization, but the species
are difficult to determine due to the intensity of micritiza­
tion; someof the peloidsare probablyhighlymicritizedskel-
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etaI grains. Coral fragmentsare distinguishablewithin this
facies, highly micritized and showing a compaction align­
ment, and signify proximity to a reef setting. Fine-grained
pellets (Fig. 3A) aggregate into botryoidalgrains cemented
bylime mudand coatedbya micrite envelopeand sometimes
includesmall bioclasticfragments (mostlyechinoderm frag­
ments). Becauseof the presenceof coral fragments in some
samplestogetherwith pellets(generallyregardedashaving a
low energy environment of deposition), this facies is inter­
pretedas a back-reefdeposit, forming a reef pavement in the
lee of the reef. The aggregationof these fine-grainedpellets
allowed them to be deposited in small quantities in higher
energy shelf settings such as those of the Nummulites
Packstone, ForaminiferalWackestone/Packstone andEchino­
derm/RedAlgal Packstooe. However, the overwhelming abun­
dance of the pellets in the PeloidalPackstonefacies suggests
deposition in a lower energysetting and minor transport to
higher energyregions.
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Figure 5. A) Coralfragmentsarebyfar theprimarygraintype in the Coral Framestone facies and these have recrystal­
lized to low Mg-calcite (crossed nicols). B) Interparticle porosity has been virtually totallyoccluded by calcitespar.
which is the neomorphic product of original marine cements (crossed nicols). C) The Mudstone/Wackestone facies
contains the least amount of bioclastic material of any facies in the study area and has been interpreted as being
depositedin quietwater(crossed nicols). D) Soluiion-enhanced moldsofMudstone/Wackestone sample. Thisfacies has
the highestporosityin the study area, but is considered verypoor (crossed nicols), E) Thedolomite facies is rare in the
study area, appears to follow peloidal packstones, as rhombs occasionally engulf peloids (crossed nicols). F) The
dolomite wasfound to havemoderate intercrystalline porosity, butwasprobably limitedin extentby a lackofdiagenetic
pathways(crossed nicols). Scale bar in eachphotomicrograph equals500 um.
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Figure 6. Compaction-pressure solution features ofthe Asmari: A) Fracturing ofa Nummulites Packstone. Bothfractur­
ing and stylolitization were common in the Asmari and, because they occurred after dolomitization, provide moderate
porosity and permeability for the formation (crossed nicols). B and C) Grain interpenetration in conjunction with
fracturing in Echinoderm/Red A/gal Packstone (crossed nicols). D) Alignment ofskeletal grains in Coral Framestone
(crossed nicols). Scale bar in each photomicrograph equals 500 um.

MudstonelWackestooe

This facies is virtually devoid ofbioclastsexceptfor
a fewmiliolidforaminifera and echinoid fragments (Fig.5C),
a markedcontrastfrom the other facies. Porosity in the form
ofsolution-enhancedmoldssuggests thattheremayhavebeen
a greater numberof allochemsinitially, but these have been
leachedout during meteoric diagenesis (Fig.50). Early cal­
cite spar is also indicative of the presence of prior allochems
which have now recrystallized, but original fabrics areuni­
dentifiable. Thematrixis predominantlymuddy and nocom­
paction-pressure solution features were observed in associa­
tion with this facies. Pyrite staining occurs rarely,probably
related to bacterial activityin a deep lagoonal environment
wheresedimentation ratesarelow(Sugden 1963, 1966). This
facies is interpreted as a back-reeflagoonal depositbasedon
the high mudcontent

Dolomite

Completely dolomitized samples are rare in the
Early-Middle Oligocene section. Rhombs are euhedral and
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inclusion-free locally, but moreoftenengulffine-grained pel­
lets(Figs. 5EandF). Intererystallineporosity wasquitegood,
now filled by a bituminous residue (Fig. SF) and, less fre­
quently, by 1ate-diagenetic coarse calcitespar. This facies is
probably a diagenetic alteration of the Peloidal Packstone
facies, but low porosity due to matrix cementation bycalcite
has seriously inhibitedmigration of dolomitizing fluids.

DIAGENETIC HISTORY

The diagenetic sequence of the Early-Middle Oli­
gocene in southwestern Arabiabegan in the marinephreatic
diagenetic setting withsecretion of micriteenvelopes (Bathurst
1964, 1966;Friedman 1964; Friedmanet al. 1971)and bor­
ing by microbes. Micritization of grainsoccurredduring this
stageandobliterated theoriginal fabrics andsedimentarystruc­
tures. Thus, manybioclastic grains and fragments are indis­
tinguishable from non-skeletal pellets. Regardless, thesegrains
may be grouped together as "peloids", the finer-grained of
which agglutinated during this time period into botryoidal
grains. The microbial coating around these botryoidal grains
indicates theirformation during thisearlystageof diagenesis.
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Figure 7. Depositional model for the Oligocene Jabal Hafit section. A concave shelf shape. typical ofcarbonate plat­
forms, is inferred, where pellets formed in the lee ofa marginal reef (Peloidal Packstone facies). Some of these pellets
were redistributed both seaward (to the reef and forereef environments) and landward (to the mudstone/wackestone
lagoon and shallow shelfsettings).

Meteoric phreatic diagenesis is suggested by early
calcitespar (JamesandChoquette1990)(Figs.3A-D,4A, 5A
and B). No relict marine cements were observed. so it was
not possible to determine whether this is a neomorphic re­
crystallization product or a direct precipitate. Leaching oc­
curred to some extent during this stage, removing many of
thebioclastictestsfrom the Mudstone/Wackestone facies and
providing the only noteworlhy porosity in the study area.
Leaching probablycontinuedinto the mixedphreatic diage­
netic stage, which appears to have been very short-livedas
evidencedbythe rare dolomitization and chertification. The
near completedolomitization ofonethin section suggests that
the lack of extensiveleaching of the earlycalcitespar inhib­
ited dolomitization throughoutmostof the section despitefa­
vorableconditionsfor dolomite formation. Nummulites sp.,
which wasfoundtobe verysusceptible tochertification in the
LowerEoceneRus Formationof theJabalHafitarea (Whittle
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and Alsharhan 1994), was only found to be chertified very
rarely in the Early-Middle Oligocene. A notable absence of
chert nodulesor silica in any form suggests that the process
was probablyinhibitedbya lackof porosityand permeability
in a fashion similar todolomitization.

Perhaps rapid burial interrupted the dolomitization
and chertification processes. Burial diagenesis is indicated
by the fractures and stylolites common in most facies (Fig.
6A) in additionto the grain interpenetration observed in the
Echinoderm/Red AlgalPackstone andNummulitesPackstone
facies (Figs. 6B and C). Somegrain alignment was found to
occur in the Coral Framestone facies (Fig. 60). Fractures
tend to be completely filled throughoutthe sectionby sparry
calcite. The crystal size is probably related to the size of the
fracture as the spar rangesfromapproximately70mm to 100
mm. Stylolites are rarely left unfilled,usuallyoccluded by a
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bituminous residue. Hematite staining is a late diagenetic
feature,occurringwithin some stylolites and microfractures.
Pyrite staining is rareand its timing is moredifficultto pin­
point It is probablya late diagenetic feature formed by the
migrationofhydrogen sulfide-bearing waters(Sugden1966).

DEPOSITIONAL MODEL

Thefossil and lithofacies assemblages suggesta dep0­
sitional model which spreads from a deep lagoon to a reef­
front margin,wherelocal topography probablyplayedan im­
portant role in gradation of one facies to another (Fig. 7).
Mud, in the form of micrite and fine bioclastic fragments,
was initiallydepositedin a deep, outer shelf,quiet water la­
goon. The Mudstone/Wackestone facies occurs within this
lagoon. Seaward, shallowingoccursassociated with the typi­
calconcaveshapeof a carbonateshelf(Kendall and Schlager
1981), leading toa marginalreef,formed byCaalFramestone.
The Peloidal Packstone facies occurs in the lee of this reef.
Fine-grainedpelletsare depositedhere and someagglutinate
to form larger aggregates, some of which were cemented in
place (along with unaggregatedfine-grained pellets) to form
the PeloidalPackstonefacies,while otherswere washedinto
the back-reeflagoonand shallowshelfareas wheretheywere
incorporatedinto the other facies. Landwardof the lagoon,
the ForaminiferalWackestone/Packstone indicatesthegrada­
tion from deep water lagoonal mudstone and wackestone to
themorebioclastic wackestone and packstone in a shallowing
shelfenvironment(Fig.1). Thesegradeintothe Nummulites
Packstone, whose lower species diversity suggests local re­
striction,probably due to topographical changes(i.e., shoals).
The Echinoderm/Red Algal Packstone, withits high biomass
and species diversity, is no doubtan unrestricted open marine
shallow shelf deposit. Peloids found in the Nummulites
Packstone,ForaminiferalWackestone/Packstone andEchino­
dermJRed Algal Packstone were probably transported land­
wardby storms.

CONCLUSIONS

The Early-Middle Oligocene in the southwestern
Arabian Peninsula can be divided into seven distinct facies
which include: 1) Nummulites Packstone, 2) Foraminiferal
Wackestone/Packstone(non-Nummulites forams), 3) Echino­
derm/RedAlgal Packstone, 4) CoralFramestone, 5) Peloidal
Packstone, 6) Mudstone/Wackestone, and 7) Dolomite. Lime
mud and highly micritized biogenic fragments occur in an
outer shelf, quiet water lagoon forming the Mudstone/
Wackestone facies. Seawardof thelagoon, a back-reefPeloidal
Packstonefacies is being cementedin frontof which lies the
CoralFramestone facies of thereefand fore-reef. Fine-grained
pellets, which are the predominant allochem in the Peloidal
Packstonefacies, fonn in the lee of the reef and somepellets
agglutinate to produce larger aggregate grains which were
cemented in place (i.e., in the PeloidalPackstonefacies) or
transportedboth seaward and landward,being incorporated
into other facies. Landwardof the Mudstone/Wackestone la-
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goon facies, a Foraminiferal Wackestone/Packstone facies
grades into a locallyrestrictedNummulitesPackstonefacies
andfinally, an openmarineEchinoderm/Red AlgalPackstone
on the shallowshelf interior.

Thediagenetic pathwhichthesefacieshavefollowed
includes: 1)a marinephreaticsetting, where micritization of
grains,secretionof micriteenvelopes and boringbymicrobes
occurred; 2) a meteoric phreaticstage, whereneomorphic re­
crystallization to equant calcite spar and incipient leaching
occurred; 3) a short-lived mixedphreatic setting, wherelack
ofporosity/permeability, allowedooly limitedleaching,dolo­
mitization and chertifi-cation to occur; and 4) a burial stage,
where fractures, stylolites, grain inteepenetratioo and grain
alignment indicatecompaction-pressure solution,coarse cal­
cite sparprecipitatedin fractures, a bituminousresiduefilled
Stylolitic seams,and hematiteand pyrite staining occurred.

The fossil and lithofacies assemblages of the Early­
MiddleOligocene is suggestive of conditions similar to the
Lower EoceneRus Formation(Whittleand Alsharhan 1994).
However, whereassealevelfluctuation causedshallowingand
even emergence leading to the formation of extensive
supratidal dolomitization and later chertifi-cati.on in the Rus,
theOligocenesection almostcompletely lacks these twopr0­

cesses. The lack of dolomitization or chertification is attrib­
uted to the lack of porosityand permeabilityin the section.
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