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TIDAL-FLAT DEPOSITS OF THE PLATTIN LIMESTONE

(MIDDLE ORDOVICIAN), NORTHERN ARKANSAS

By W.W. Craig’, M. J. Deliz? and K. J. Legendre®
! Department of Geology and Geophysics, University of New Orieans, New Orleans, LA
70148; 2 CLK Company 1615 Poydras St., 5th Floor, New Orleans, LA 70112; ® 5509
Wilton Drive, Apt. A, New Crleans, LA 70122

ABSTRACT
The Plattin Limestone (Middle Qrdovician) of northern Arkansas is a mud-rich rock with a
characteristically laminate fabric similar to that of the Andros Island tidal flat sediments ("Andros-
type” lamination of Hardie and Ginsburg [1977]). This fabric is interpreted to resuit from the
influence of deposition of cyanobacterial mats. The most common Plattin lithic types are
interlaminated lime mudstone and peloid lime packstone/grainstons, faintly laminated lime
mudstone, Hlat-pebble breccia, and Tetradium-bearing lime wackestone/packstone. Mudcracks

and calcite pseudomorphs after evaporites are abundant.

The Plattin is unconformity bounded as evidenced by sharp contacts exhibiting truncation
of beds and smaller features, thin basal sandy zones, lithic and faunal isolation from subjacent and
superjacent units, and overstep relationships.

The bulk of the Piattin was deposited on a nearly featursless tidal flat bordered by a
shallow-water platform of low energy. The distribution of lithic types indicates that the flat was
higher to the west, Although evaporites are common in the Plattin, sabkhas did not deveiop on the
Plattin tidal flat. Seasonal or longer term dry periods concentrated tidal flat brines through
evaporation, resulting in the deposition of evaporite porphyroblasts within the sediment.
Iintervening wetter periods dissolved the evaporite minerals. The tidal flat sediment apparently
became semi-lithified soon after deposition because molds of evaporite crystals persisted to
become casted by calcite.

Initial Plattin strata record high intertidal to supratidal deposition on the eroded surface of
the Joachim Dolomite and St. Peter Sandstone. Continued transgression resulted in the deposition
in the east of the outcrop belt of fossiliferous wackestone of the low intertidal-subtidal environment.
Intertidal and supratidal deposits prevailed to the west. This initial transgression was folfowed by a
progradation that brought laminated, mudcracked, evaporite-trace-bearing tidal Hat deposits over
the subtidal sediments of the lower Plattin. Renewed transgression resufted in widespread
distribution of Tetradjum-bearing subtidal rocks across the area. Progradational deposits mark the
final phase of Plattin deposition preserved in outcrop. The Plattin was gently warped and eroded
before deposition of the overlying Kimmswick Limestons.

INTRODUCTION the major constituent of peloid and intraclast
grains that are either scattered through the
The Middle Ordovician Plattin micritic matrix or concentrated in layers.

Limestonse is a medium-dark gray to light-olive
gray to olive biack, ultra-fine-grained Tetradium-
bearing rock that is characterized by micrite in
the form of both undisturbed sediment and as

Dolomite beds are present, but subordinate. It
is remarkable that unlike many other Paleozoic
limastones in which the texture of the original
sediment was micrite, very little of the Plattin



Boone Formation

Mississippian J St Joe Limestone

Sylamore Sandstone

Devonian Clifty Formation
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Lafferty Limestone
Sllurian St. Clair Limestone
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Everton Formation

Lower Ordoviclan] Powall Dolomite

FIGURE 1. Stratigraphic column in study area.

micrite has been recrystallized into microspar.
Prior to modern limestone classifications,
geologists referred to such texture as
lithographic. In the early part of this century the
Plattin was examined extensively for economic
lithographic stone, but unfortunataly the
abundance of void-filling calcite spar (fenestrae)
too commonly Interrupts the lithographic
character of the rock (Miser, 1822).

The stratigraphic position of the Plattin
is shown in Figure 1. Essentially coeval strata
of strikingly similar character occur throughout
the midcontinent and northeastern United
States and adjacent Canada (Mukherji, 1969;
Walker, 1973; Cressman and Noger, 1976;
Stith, 1979; Amsden, 1983). These rocks
record the presence of widespread carbonate
tidal flats and associated shallow-subtidal
environments during this time.

The Plattin ranges in thickness from 0
to 250 feet (76m) in northern Arkansas. The
thickest sections of Plattin were reported by
Miser (1922) from along Polk Bayou, north of
Batesville, Independence County (Figure 2).
The limestone thins in outcrop to the west; in
central Newton County it occurs in only a few
places as a thin unit, generally less than one

foot (.3m) in thickness, between the Everton
Formation below and various overlying units
(Figure 1). The Plattin has not been reported in
outcrop west of Jasper, Newton County (Figure
2).

Miser (1922) was the first to establish
the Plattin, as well as subjacent and superjacent
strata, on a firm lithic basis. In more recent
studies, the Plattin of northern Arkansas is
included in reports of the super-St. Peter
Ordovician rocks by Freeman (1966a) and
Young and others (1972a). These reports,
which are broad in scope and based on
observations concentrated in Independence,
Izard, and Stone Counties, outlined the general
lithic character of the Plattin and demonstrated
its peritidal origin.

Studies on the formation originating at
the University of New Orleans began in the late
1970's. The objectives of these studies were to
provide a detailed, bed-by-bed description of
the Plattin throughout its area of outcrop and to
interpret whatever vertical and lateral trends
might be present. The results of these
investigations were reported by Jee (1981,
1984), Deliz (1984) and Legendre (1987). The
reader is referred to these reports for detailed
descriptions of the sections on which this paper
is based.

FORMATIONAL CONTACTS

The Plattin is underlain by the Joachim
Dolomite throughout Independence, Izard, and
most of Stone County. At the Barkshed South
locality in western Stone County (Figure 2), the
Joachim is absent and the Plattin directly
overlies the St. Peter Sandstone. With the
possible exception of the section at Gilbert, this
condition appears to persist across Searcy
County and into eastern Newton County. From
here westward, the Plattin is either absent or
preserved as slivers between the Everton
Formation below and different overlying units.
One notable example, first brought to our
attention by O.A. Wise of the Arkansas
Geological Commission, is the roadcut along
Arkansas highway 7 north of Jasper in central
Newton County (Figure 2). Here a few inches of
Plattin occur between the Jasper Limestone
Member of the uppermost Everton and the St.
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FIGURE 3. Outcrop photograph of Plattin-
Kimmswick(?) "welded” contact at Gilbert. Note the
contrast of grain size across contact. Knife rests on
finely crystalline dolostone (lithic type 1) of Plattin.

Joe Limestone. At the Gilbert section,
approximately 2.0 feet (0.8m) of dolostone lies
between the St. Peter and rock of definite

Plattin lithology. If this dolostone is assigned to
the Joachim, then it represents the
westernmost reported occurrence of Joachim in
outcrop in northern Arkansas.

The Plattin is overlain by the Kimmswick
Limestone in Independence, Izard, and eastern
Stone Counties. Reports of Kimmswick in
outcrop west of Mountain View have not been
confirmed, aithough Deliz (1984) reports the
possibie occurrence of Kimmswick between the
Plattin and Fernvale at Gilbert. In Searcy and
Newton Counties, the Plattin is commonly
overlain by the Upper Ordovician Fernvale
Limestone, or where the Fernvale is absent, by
younger units.

There has been considerable
discussion on the nature of the contacts
between the super-St. Peter Ordovician units
(Figure 1) of northern Arkansas (Freeman,
1866b, 1972; Young and others, 1972a,b; Craig,
1975; Craig and others, 1984). In his classic
report on the manganese deposits of the
Batesville district, Miser (1922) placed
unconformitiss between each of the units even
though their contacts appeared "even" to him.
Miser's decision, which was followed by most

FIGURE 4. Negative print of acetate peel of the sharp, scalloped Plattin-Kimmswick contact at
Guion Ferry. The uppermost Plattin is sparsely fossiliferous and the upper surface contains

borings. Baris 6mm.



FIGURE 5. Angular unconformity at Bear Creek between the Plattin and Fernvale. At least 12.5
fest (3.8m) has been removed from top of Plattin at this locality. Arrow points to contact. Thick,
light-colored bed below the contact is approximately 3 feet (0.9m) thick.

later geologists, was strongly influenced by
E.O. Ulrich’s determination that the units were
separated faunally.

The micrite-rich  Plattin  contrasts
sharply with the fine to coarse-grained
bioclastic limestone of the Kimmswick (Figure
3). The contact between the two formations is
commonly "welded"; that is, it occurs within a
single bed with no separation across a bedding
plane. It is universally abrupt, shows small-
scale truncation features at the contact, and can
show small-scale scalloping of the upper
surface of the Plattin. In addition to the
truncation features, patches of Kimmswick rock
type occur within the Plattin up to several
inches below the contact. "Welded" contacts
between the Plattin and Kimmswick are well
displayed at the Guion Ferry (Figure 4) and
Herpel sections.

Freeman (1966b) interpreted these
contact features to be products of a "micro-
karst" surface that formed on a lithified Plattin
during a period of subaerial erosion. Young
and others (1972a,b) concluded that the Plattin-
Kimmswick surface might represent a brief
period of subaerial exposure, lithification, and
reworking, but that it was unnecessary to call on
a prolonged pericd of erosion or the removal of

a significant amount of rock. These authors
concluded that the sharp contact was a "facies
inconformity”  that resulted from the
transgression of the subtidal Kimmswick
lithotope over the intertidal or supratidal
lithotope of the Plattin. Young and others
interpreted Freeman’s "micro-karst" as a
gradational or intercalated passage from the
Plattin into the Kimmswick, or as mixing due to
burrowing.

The Plattin-Kimmswick contact
resembles the scalloped/planar erosional
surfaces interpreted by Read and Grover (1977)
as products of a prograded, early cemented
tidal flat or tidal flat platform. Such a model,
which essentially embodies the ideas of Young
and others, would explain the features seen at
the Plattin-Kimmswick contact without involving
the removal by erosion of a measurable amount
of rock. There are, however, sections where it
can be demonstrated that a few feet, and
possible a few tens of feet, of rock were
removed from the top of the Plattin prior to the
deposition of the Kimmswick. Freeman (1972)
and Craig and others (1984) have described
and illustrated an angular contact between the
Plattin and Kimmswick vividly displayed in a
roadcut on the Love Hollow road west of
Cushman, Independence County. Here it can



FIGURE 6. Negative print of acetate peel of Plattin-
Fernvale “welded" contact at Cave Creek. White
residue separates the two formations. Uppermost
Plattin is laminated dolostone; lower Fernvale is
coarse bioclastic limestone. White area in Fernvals is
phosphate replacement. Arrow points to Fernvals-
filled boring in top of Plattin. Bar is 4mm.

be demonstrated that the Plattin was broadly
warped and eroded prior to Kimmswick
deposition. At the Big Creek section of this
study, a similar angular relationship occurs
between the Plattin and, in absence of the
Kimmswick, the overlying Upper Ordovician
Fernvale Limestone (Figure 5). Deliz (1984) has
determined that a minimum of 12.5 feet (3.8m)
has been removed from the top of the Plattin at
this locality. Although the warping of the Plattin
at Big Creek could have taken place after
deposition of the Kimmswick, it probably
represents the same pre-Kimmswick event
recorded along the Love Hollow road. The
absence of the Kimmswick at Big Creek is
attributed  to  post-Kimmswick-pre-Fernvale

FIGURE 7. Joachim-Plaitin contact at Gunner Pool
(at level of geologist's hand). Note contrast of thick
bedding below and slabby bedding above.

erosion. The Plattin-Fernvale contact at Big
Creek is "welded" and exhibits the same
features as the Plattin-Kimmswick contact in
those places where the Kimmswick is present.

"Welded" contacts between the Plattin
and Fernvale also occur at the Tributary Cane
Branch, Cave Creek and Carver (Figure 6)
sections, and between the Plattin and an
overlying bioclastic limestone, possibly the
Kimmswick, at the Gilbert section.

The contact between the Joachim and
Plattin is placed where the succession
becomes dominantly limestone, a level that is
easily recognized in the field by the change



FIGURE 8. Polished slab of Joachim-Plattin contact at Guion Ferry (arrow). Basal Plattin is quartz-
sandy peloid-intraciast dolomite packstone/grainstone overlain by light-colored, mudcracked,
evaporite-bearing lime mudstone (lithic type 3). Scale is in millimeters and inches.

from thick-bedded dolomite to slabby, thin-
bedded limestone (Figure 7). Using such a
separation of the two units places in the base of
the Plattin some beds containing pervasive
dolomite. These beds are few, however, and
usuaily contain  undolomitized limestone
allochems and lenses. Similar beds also occur
at unpredictable levels higher in the formation.
The separation also results in rare, thin beds of
dolomitic limestone in the upper part of the
Joachim. The uppermost bed of Joachim at
Gunner Pool, as well as a bed approximately 4.0
ft. (1.2m) below the contact at Guion Ferry, ars
examples. Even though this separation does
not result in a complete lithic distinction
between the two units, it is chosen because of
certain physical features associated with it.

One of these physical features is the
change in bed thickness mentioned above. A
high content of detrital mud delivered during
Plattin deposition gives rise to the unit's
numerous shale breaks and slabby bedding,

features which are uncharacteristic of the
Joachim. Other features associated with the
contact as defined above suggest an interval of
erosion between the two units. At Guion Ferry
the Joachim-Plattin contact is marked by a
planar truncation of stromatolites in the upper-
most Joachim. The basal Plattin is a two-inch
(5cm)  dolomitized  conglomeratic  zone
containing subangular to angular dolomite
clasts up to pebble size and fine to medium
sand-sized quartz grains (Figure 8). The
conglomerate grades up into interlaminated

lime mudstone and peloid lime
packstone/grainstone (lithic type 6, described
below).

Similar quartz-sandy conglomeratic
zones of a few inches thick characterize the
base of the Plattin at Herpel and Gunner Pool.
At Herpel the conglomeratic zone is in sharp
contact with dolomitized lithic type 6 of the
Joachim below and grades up into
undolomitized lithic type 6 of the Plattin. At
Gunner Pool the uppermost Joachim is an



FIGURE 9. Polished surface of basal Plattin at
Barkshed South, where Plattin directly overlies the St.
Peter Sandstone and contains rounded quartz grains
and pebble-sized quartz arenite clasts (arrows). Bar
is 4mm.

intraclast-peloid lime packstone/grainstone (like
lithic type 4, described below) containing rare,

thin, disrupted mud-cracked lime mudstone
laminae and quartz-sandy patches. It is overlain
in abrupt contact by a sandy conglomeratic
zone of the basal Plattin containing angular
pebble-sized clasts of dark limestone derived
from below. The conglomeratic zone grades up
into an intraclast-peloid lime packstone/
grainstone (lithic type 4).

The Barkshed localities are interesting
in that 43 feet (13m) of the Joachim is present
between the St. Peter and Plattin at the
Barkshed North section, whereas less than one
mile (0.6km) away at Barkshed South, the
Plattin rests directly on the St. Peter. The
Plattin is approximately the same thickness at
both localities suggesting that the absence of
the Joachim at Barkshed South is not simply
failure to dolomitize the basal portion of the
section. There is nothing remarkable about the
Joachim-Plattin contact at Barkshed North.
Lithic type 6 overlies the dolomite of the
Joachim in a simple bedding plane contact
without an intervening conglomeratic zone. At
Barkshed South the contact is slightly
undulatory and the basal Plattin is sandy and
contains pebbles of quartiz arenite apparently
derived from the underlying St. Peter (Figure 9).
The Plattin and St. Peter are also in contact at
Bear Creek, South Maumee, Tributary Cane
Branch, Cave Creek and Carver. At the latter
three localities a thin shale (1-3 inches)
intervenes between the two units (Plate 7:B). At
South Maumee the contact is undulatory

FIGURE 10. St Peter-Plattin contact at South Maumes. Rock hammer rests on undulating upper
surface of St. Peter. Notice lower Plattin onlapping small St. Peter high to left of hammer. Dark bed
at base of Plattin is sandstone with light-colored discontinuous laminae of lime mudstone.



(Figure 10) and topography on top of the St.
Peter causes a differential thickness of two to
four inches (5 to 10cm) in the basal bed of the
sandy lime mudstone to limy sandstone of the
Plattin. At Bear Creek the contact is sharp and
the basal Plattin is sand fres.

The Plaitin-Kimmswick contact is
almost certainly unconformable. The angular
relationship that the Platlin exhibits with
overlying units indicates that prior to deposition
of the Kimmswick, the Plattin was broadly
warped and truncated by subaerial erosion.
The erosional surface must have been
reasonably smooth because there is no
indication of large-scale topography on top of
the Plattin. A similar history is probable for the
Joachim prior to Plattin deposition. This would
explain the abrupt disappearance of the
Joachim between the two Barkshed localities,
its erratic thickness from place to place, and its
general disappearance to the west. In support
of this, Jee (1981) has iilustrated from his
section at Penters Bluff (Figure 2) along the
White River an apparent slight angular
relationship between the Joachim and Plattin.

Faunal occurrences provide additional
evidence on the nature of the Joachim-Plattin
contact. As mentioned previously, Ulrich (in
Miser, 1922} reported that the two units were
isolated faunally. Ongoing conodont studies at
the University of New Orleans show that the
Joachim is  dominated by selements of
Plgctodina and Leptochirognathus, whereas
Plattin conodonts consist almost entirely of
members of Erismodus and Curlognathus. This
distinctive change in the conodont succession
occurs exactly at the level of the sandy,
conglomeratic zone in the base of the Plattin.
This dissimilarity of faunas could have resulted
from a change in environments across the
contact, but judging from a comparison of their
lithic types, the bulk of the two units appear to
be products of quite similar intertidal and
supratidal  environments, a conclusion that
would seem to rule out ecologic control. The
ocbserved  faunal change is, however,
compalible with a break in deposition between
the itwo units.

Both Jee (1981, 1984) and Legendre (1987)
report the presence in  the Plattin  of
intraformational  "welded” surfaces.  These

FIGURE 11. Polished slab of sharp intraformational
contact (arrow) in Plattin (HER-38). Lithic type 6 is
overlain by lithic type 3. Notice truncation of
intraclasts below the confact.  Light areas are
bleached halos surrounding oxidized pyrite. Scale is
in miflimetars.

surfaces are sharp and exhibit truncation
(Figure 11). Because they do not separate
units that are lithically and faunally distinct,
these surfaces are not believed to carry the
temporal significance of the formational
contacts. They probably represent early
cemented tidal flat surtaces similar to those
reported by Read and Grover (1977).

LITHIC TYPES

The dominant portion of the Plattin is
characterized by features that identify cryptalgal

fabric as defined by Aitken (1967). Prime

among these are fine-scale planar and wavy
laminations and a wvariety of so-called
"birdseyes”, an early descriptive term for
unsupported void spaces filled by calcite spar.
Tebbutt and others (1965) redesignated these
openings as fenestrae, which they defined as
“...a primary or penecontemporaneous gap in



rock framework, larger than grain-supported
interstices... completely or partially filled by
secondarily introduced sedimant or cement.”
Logan (1974, p. 214, Table 2) categorized
fenestrae as laminoid, irregular, or tubular and
turther divided each type into fine, medium, and
coarse, depending on thair thickness.
Conversely, Shinn (1968, 1983a,b) has argued
that the term fenestrae be restricted to two
types of voids:  planar-shaped, generally
unconnected openings that are more or less
parallel to lamination and bubble-shaped
openings that are generally randomly
distributed in the rock. These features he
attributes to shrinkage and expansion, gas
bubble formation, air escaping during flooding
and wrinkling of cyanobacterial (blue-green
algal) mats. Shinn believes that these features
are preserved almost exclusively in upper
intertidal and supratidal sediments and thus
their presence in rock serves as an indicator of
those environments even in the absence of
other diagnostic features. He proposed that all
other calcite-filled voids, which commonly
resemble "true fenestrae" described above, be
called "pseudo-fenestrae”. Because
identification of fenestrae as defined by Shinn
raquires genetic interpretation, we have not
followed his scheme. Instead, we use the term
fenestrae in the original objective sense of
Tebbutt and others (1965). The spar-filled voids
that create the Plattin fenestraes have several
origins, including burrows, desiccation
structures. dissolution of evaporites and
molluse shells, molds of algal filaments and
ameoboid interstices between compacted
peloids and intraclasts.

The lithic subdivisions presented below
are  abstracted  from more detailed
classifications presented by Jee (1981, 1984),
Deliz (1984) and Legendre (1987).

1. Finel rysgtallin | n
calcargous dolostone. Lithic type 1 is a
yellowish gray, brownish gray to shades of light
and olive gray, medium-bedded to thick-
bedded, structureless dolostone. Dolomite
grains are subhedral to euhedral, very fine
grained (decimicron sized) and equigranular,
imparting a "sucrosic" appearance to the rock.
Minor amounts of fine-grained to medium-
grained, subangular to well-rounded quartz

10

sand can be present. Pyrite crystals and
associated Iron staining are common.

Calcareous dolostones {those
dolostones with 10-50% calcite) are also
present, particularly in the western part of the
study area. Dolomitization is selective in these
samples and ghosts of repiaced allochems and
minor lime mudstone laminae (mm size) can be
present. The lithic types commonly replaced
include numbers 3 (lime mudstone), 4
(intraclast-peloid lime packstone/grainstone),
and 6 (interlaminated lime mudstone and
peloid lime packstone/grainstone). Calcite
pseudomorphs after halite and very fine-
grained euhedral quartz crystals can be present
within lime mudstone laminations. Medium-
grained, rounded quartz sand is locally
abundant. Disarticulated ostracode and trilobite
skeletons are of scattered occurrence.

2. Laminated dolostone (Plate 1:A).
Lithic type 2 is a yellowish gray to light-
brownish gray, thin-bedded to medium-bedded,
unfossiliferous, externally and internally
laminated dolostone. Laminations are very thin
{<imm), slightly undulatory, and result from
alternation of very fine-grained and fine-grained
(decimicron-sized) unequigranular, subhedral
to euhedral dolomite.

3. Lime mudstone (Plate 1:B-D).
Lithic type 3 is an externally thin-bedded to
thick-bedded, internally homogeneous to faintly
laminated fenestral lime mudstone. Subtle
laminations are caused by difference in grain
size among coarser mud-size or silt-size
particles as well as rare, thin (<0.5mm),
discontinuous, densely packed peloid laminae.
Fine (1-8cm) mud-cracks, fine sheet cracks,
calcite pseudomorphs after both halite and
gypsum, and fine to medium laminoid to
irregular fenestrae can be present. Angular and
linear boundaries of some fenestrae suggest
that their origin is the filling of molds left by the
solution of porphyroblastic evaporite crystals
that became linked laterally as they grew in the
sediment (Plate 1:D). Prior to filling, the molds
were slightly to grossly deformed by
compagction and caving. In places the rock is
completely shattered by desiccation, imparting
an intraclastic texture to some intervals (Plate
1:B). Fossils include sparse disarticutated and
articulated ostracode valves, and more rarely



trilobite and mollusc fragments. Fine to very-
fine suhedral dolomite is sparsely disseminated
through the rock, or more concentrated along
rare to common stylolites.

4. Intraclagt-pelold lime packstone/
garainstone (Plate 1:E). Lithic type 4 is a thin-
bedded to thick-bedded allochemical rock In
which either peloids or intraclasts are the
dominant grains. Fine to medium, Jaminoid to
Irregular fenestrae can be locally abundant.
Horlzontal tubular burrows are also present.
Peloids are poorly to well sorted and exhibit
open to dense packing. Intraclasts, which
internally are fenestral lime mudstone or peloid
packstone, are fine sand to small pebble sized,
subangular (polygonal) to well rounded and can
have their long axis at any angle to bedding;
many, however, have their long axis aligned
parallel to bedding and overlie medium
laminoid fenestrae. Allochems occur in layers
that can be normally or inversely graded and
can be partially recrystallized to microspar.
Locally abundant are very fine-grained to
medium-grained, subangular to well-rounded
quantz sand, ooids with radial or concentric
tabric and coated grains. The rock can contain
disseminated very fine-grained subhedral
dolomite and iron-stained pyrite crystals.
Fossils include sparse disarticulated ostracode
valves (locally abundant) and rare fragments of
trilobites and pelecypods.

5. Pelold-intraclast lime wackestone
or wackestone/packstone (Plate 2:A). Lithic
type 5 is much like lithic type 4, but has a
greater lime mud content. The muddier
portions can contain fine mudcracks, sheet
cracks, angular spar-supported clasts, calcite
pseudomorphs after evaporites, medium-sized
irregular tenestras, or can be dense and
homogenecus. Medium-grained, well-rounded
quartz, disseminated very fine-grained anhedral
to euhedral dolomite, and iron-stained pyrite
crystals are present to focally common.
Burrowing Is suggested by mottled areas
containing micrite and peloids and by vertical
tubular fenestrae. Fosslls include rare to locally
common disarticulated ostracode valves,
trilobite fragments, and tentaculitids(?).

6. Interlaminated lime mudstone and

id lim t (Plate 2:B- -

D; Plate 3:A-C; Plate 4:A,B). Lithic type 6 is
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externally thick bedded, and internally contains
thin wavy to planar laminae (Plate 2:8). Lime
mud laminae are on the average thicker than
peloid laminae, the former generally ranging
from 0.5-3.0mm, with a maximum of 1.0cm, and
the latter commonly less than 1.0mm, but in
some examples up to 5.0mm. Mudstone
laminae commonly contain fine mudcracks
(Plate 2:C; Plate 3:B), fine sheet cracks, calcite
pseudomorphs after halite (Plate 3:A; Plate 4:B)
and selenite (Plate 2:D; Plate 4:A), and fine to
medium laminoid and irregular fenestrae.
Some of the latter appear to be evaporite casts,
as suggested for similar fenestrae in lithic type
3 (Plate 2:C,D; Plate 3:B,C). Peloid laminae are
laterally discontinuous; mud laminae are of
greater lateral extent (Plate 2:C; Plate 3:A,B).
Commonly associated with this lithic type are
laminae up to a few inches thick of lithic type 4
{intraclast-peloid lime packstone/grainstone).
Very fine subhedral to euhedral dolomite
crystals are sparsely disseminated through the
rock and can be concentrated along stylolites.
Sparse to common ostracode valves and minor
amounts of trilobite and mollusc skeletons are
present.

7. Mollusc lime wackestone (Plate
4:C,D). Lithic type 7 is a medium-bedded to

thick-bedded, unlaminated, burrow-mottled,
matrix-supported rock in  which skeletal
allochems are sparse to common. The most
abundant allochems are dominated pelecypod
valves and fragments (recrystallized to calcite
spar), steinkerns and fragments of gastropods

(also recrystallized), and articulated and
disarticulated ostracode valves; skeletal
fragments of trilobites, brachiopods, and

ctinozoans are minor. Some examples contain
conical fossils tentatively identified as
tenticulitids (Plate 4:D). Some intervals contain
vertical burrows; peloids and minor sand-sized
intraclasts occur in patches that appear burrow
related. Sparse calcite pseudomorphs after
halite are present in places. Euhedral to
subhedral dolomite is sparsely disseminated
throughout the rock and can be concentrated
along stylolites.

8. keletal _lime _ wackeston
packstone (Plate 5:A). Lithic type 8 is a

medium-bedded to thick-bedded, unlaminated,
matrix-tich  limestone in which skeletal
fragments are locally abundant, generally



diverse, and include pieces of the calcareous
aiga Hedstroemia,individual and aggregate
corallites of the tabulate coral Tefradium (not in
growth position), crinczoan plates and spines,
fragments of bryozoans, trilobites, molluscs,
tentaculitids(?), articulated and disarticulated
valves of ostracodes and brachiopods, and fine
indeterminate bioclasts. Mottled areas filled by
cryptocrystalline to very finely crystalline
dolomite and prominent concentrations of
peloids and minor sand-sized intraclasts are
common. Sparse pyrite and very-fine crystals
of doubly-terminated quartz can be present.

9. Qold-peloid lime _grainstone/
packstong (Plate 5:B-D; Plate 6:A). Lithic type
9 is a medium-bedded to thick-bedded
limestone in which ooids with radial or
concentric structure are a common altochem.
Peloids, coated grains, and intraclasts can be
common to locally abundant. Ooids can be
almost totally micritized. Allochems are
generally well rounded, well sorted, locally
densely packed and can be cross laminated
(Piate 5:B). Intraclasts, where present, are fine
sand to pebble size, subangular (polygonal) to
well rounded and composed of lime mudstone
or peloid packstone. Many have their long axis
aligned parailel to bedding. Scoured lime
mudstone laminations are rare.  Medium-
laminoid and horizontal tubuiar fenestrae can
be present, as well as grains of medium-sized,
well-rounded quartz and very fine-sized
subhedral dolomite. The rock is sparsely
fossiliferous, with scattered occurrences of
disarticulated and fragmented ostracode
valves, high-spired gastropods, and
pelecypods.

litle i ton (Plate
6:B,C}). Lithic type 10 consists of medium-
bedded to thin bedded, internally taminated,
vertically stacked hemispheroids of the LLH-C
and SH-V types of Logan and others (1964).
Hemispheroids are of varying sizes, with
amplitudes up to 25cm and diameters of 35cm
(Plate 6:C). This rock, which is characterized by
geometry rather than petrology, is formed of a
variety of lithic types, dominant among which is
lithic type 6 (interlaminated lime mudstone and
peloid lime packstone/grainstone) (Plate 6:B).
Lime mudstone laminge are commonly
irregular, discontinuous, undulose, wispy, and
are thin (0.5-3.0mm). Thicker laminae may be
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present and generally contain fine mudcracks,
sheet cracks, calcite pseudomorphs after halite,
and fine to medium irregular fenestrae. Peloid
laminae, which may be as thin as 0.5mm, are
commonly well sorted, densely packed, may
exhibit normal or inverse grading, commonly
possess laminoid and irregular fenestrae, and
contain subangular (polygonal) to well-rounded,
fine-sand to pebble-sized intraclasts, many of
which have their long axis aligned parallel to
bedding and overlie prominent laminoid
fenestrae. Coated grains, ooids, and
disarticutated ostracode valves are rare, but
may occur in some peloid laminae. Very fine-
grained, subhedral to euhedral dolomite grains
are sparsely disseminated throughout the rock,
but are somewhat more concentrated in the
peloid laminae.

11. Coral lime boundstone (Plate
7:A). Lithic type 11 is characterized by upright

colonies of the tabulate coral TYetradium,
apparently in growth position. The coral

framework is surrounded by a matrix of skeletal
lime wackestone identical to lithic type B.

12, Calcareous shale or argillaceous
llmestone  (Plate 7:B,C). Detrital clay is
admixed at different levels in the Plattin,
forming rocks that range from argillaceous lime
mudstone to calcareous shale. These shaley
units range in thickness from 1/4 inch to 20
inches (0.6-50cm) in the western part of the
study area, where they are most common, to
approximately 1cm in the east.

ANALYSIS OF DEPOSITIONAL
ENVIRONMENTS

The Piattin possesses a multitude of
textures and structures that are similar to those
of modern carbonate tidal flats. These include
desiccation features, such as mudcracks, sheet
cracks, intraclast breccias and conglomerates,
teepee structures, and evidence of evaporite
deposition.  Other hall marks of modern
carbonate tidal flat sediments are alsc notably
displayed, including stromatolites, a wide
variety of fenestral fabric, smooth and crinkled
millimeter laminations, and abundant peloids.

Modern tidal flats have been studied in
a variety of climatic settings: Andros Island,



Bahamas, a humid climate with 45 inches
{114cm) average annual rainfall {Shinn and
others, 1969; Hardie, 1977); Shark Bay, Western
Australia, a semi-arid climate with 8 inches
(23cm) average annual rainfali (Logan and
others, 1974); and the Trucial Coast, Persian
Gulf, an arid climate with 1.5 inches (<d4cm)
average annual rainfall (Kendall and Skipworth,
1968; Purser, 1973). Based on these studies,
Shinn (1983a, 1986) has provided excellent
summarias on tidal flat deposition.

The term tidal flat is applied to
strandline expanses that are subaerially
exposed for greater or lesser amounts of time.
The consensus is that most sediment is
delivered to the flat during periodic
meteorological tides rather than diurnal, lower
anargy astronomical tides (Shinn, 1986). Tidal
Flat investigators have generally divided this
nearshore, tidally influenced region into three
zones: supratidal (above mean high tide);
intertidal (between mean high tide and mean
low tide); and subtidal (below mean low tide).
Because different workers have different
definitions of these levels, and because
saasonal variations (including storms) along
coasts will cause 2zonai boundarles to shift
during the year, Ginsburg and others (1977)
have elaborated on a scheme, called the
exposure index, that compares tidal flat
sediments in relation to the amount of time the
sediments are exposed subaerlally. By
considering textures, structures, and organic
activity, all of which are strongly influenced by
the amount of subaerial exposure, an exposure
index can be assigned to modern sediment
and, by analogy, to the rock record. For Andros
island, where the exposure index was
determined, the surface above mean high water
(supratidal) is exposed more than 85% of the
time and the surface between mean high water
and mean low water (intertidal) is exposed
between 25% and 85% of the time. Ginsburg
and others (1977, Figure 4) demongtrated that
great similarity exists betwsen the organic and
inorganic structures developed in sediments
deposited in the supratidal and high intertidal
realms. Although some subtidal environments
are distinctive, in general it is equally difficult to
separate sediments deposited in this zone from
those of low Intertidal origin. In view of these
preblems, In the following interpretation of
Plattin lithic types we divide the tidal flat Into:
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supratidal-high intertidal, low intertidal-subtidal,
and subtidal.

Below we analyze the depositional
environment of each lithic type except lithic
type 12: calcareous shale or argillaceous
limestone. Lithic type 12 represents the influx
of detrital mud at different times during Plattin
deposition, and as such is not diagnostic of any
specific depositional environment. Limey shale
and clayey limestone is more common in
wastern sections.

SUPRATIDAL-HIGH INTERTIDAL

Lithic type 1 - finely crystailine
dolostone: There is a tendency to interpret

dolamite in the record as supratidal because it
is documented as an early replacement of
calcium carbonate on present-day supratidai
flats of Andros I1sland (Shinn and others, 1965).
In addition, evaporation of tidal flat waters, such
as in the sabkhas of the Persian Gulf (Bush,
1973}, leads to the precipitation of calcium
carbonate and calcium sulfate, thus enhancing
the magnesium to calcium ratio and producing
dolomitizing fluids. In the latter example,
however, the supratidal sabkhas have
prograded seaward and lie above calcium
carbonate subtidal lagoonal sediments, which
in the normal circulations of the brines are
almost totally replaced by dolomite. To add to
the mystery of modern dolomite formation, little
dolomite is forming within the supratidal zone of
Shark Bay even though sediments are
saturated  with  magnesium-rich  brines
apparently produced by the evaporation of tidal
flat groundwaters {Logan, 1974).

The lesson from these examples is that
the only clue for the environment of deposition
of dolostone or dolomitic limestone is the relict
structures of its calcium carbonate precursor.
Structureless, pervasively dolomitized rock,
such as some of lithic type 1, provides no such
clue. Much of lithic type 1, however, is
calcareous dolostone in which allochemicai
ghosts andfor pattially dolomitized to
undolomitized laminae of mudcracked,
evaporite-trace-bearing lime mudstone are
preserved. These examples indicate that the
most commonly dolomitized Plattin lithic types
are numbers 3, 4, and 6, which we consider to



be dominantly high intertidal to supratidal. The
interlaminated dolomite and micrite prominently
developed in the High Bridge Group of
Kentucky, interpreted by Cressman and Noger
(1976) as supratidal, is similar to some of our
lithic type 1, as is Jee's (1984) lithotacies 7
(interlaminated, dolomitic and lime mudstone)
of the Piattin Limestone in Izard and
Independence Counties, Arkansas.

Li - n 1

Little diagnostic remains of this rock except its
millimeter laminations, which are distinctly
visible in outcrop (Plate 1:A). It resembles rock
interpreted by different authors as supratidal
dolomite (Matter, 1967; Roehl, 1967; Laponte,
1967; Lucia, 1972; Gebelein and Hoffman,
19783). Cressman and Noger (1976) identified a
similar rock, which they termed "laminated
finely crystalline dolomite”, from the High
Bridge Group of Kentucky. Our lithotype 2 is
the same as Jee's (1984) lithofacies 8 (faintly
laminated, dotomitic mudstone) from lzard and
Independence  Counties, Arkansas, and
Walker's (1973) lithology 2 from the Black River
Group of New York.

The very thin planar to sightly undulose
laminations are interpreted to be cyanobacterial
in origin. Similar layering was designated as
smooth flat laminations by Hardie and Ginsburg
(1977), who found it to be characteristic of levee
crests on Andros Island. Ginsburg and others
(1977) assign an exposure index of >30 to this
type lamination.

Lithic type 3 - lime mudgtone: Most
intettidal and supratidal lime mud in the Plattin
probably originated in subtidal environments as
soft peloids that upon onshore transport and
compaction disintegrated and lost much of their
identity. This is suggested by a subtle peloid
texture preserved in many of the Plattin mud
rocks. Hardie and Ginsburg (1977) observed a
similar "clotted" texture in the mud laminae of
the Andros Island tidal flat.

Some examples of lithic type 3 are
structureiess and apparently homogeneous.
Homogeneous lime mudstone occurs in layers
up to approximately seight feet (2.4m) in
thickness and is most common Iin wastern
sections (TCB and CC, Figures 21, 22). The
greater percentage of Plattin mid rock,
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however, is to some extent heterogeneous and
exhibits at least some combination of a variety
of textures and structures. This heterogeneous
mudstone is either faintly laminated (Plate 1:C
or unlaminated, both types of which are
commonly mudcracked and/or contain calcite
pseudomorphs after evaporites (Plate 1:B).
Ostracodss (mostly leperditids) are common to
locally abundant in rocks that exhibit
desiccation features. Rarely, both laminated
and unlaminated varieties can be burrow
mottled and/or possess a sparse fauna of
diverse nature.

It is apparent that heterogeneous lithic
type 3 is gradational with a number of other
lithic types, and in fact is found interbedded
with other types on a scale too small to be
repraesented in our columnar sections (Figures
13-23). The subtle laminations found in many
examples of lithic type 3 are caused by either a
slight difference in color and texture between
the coarser mud-sized grains or by rare,
discontinuous peloid laminae. Faintly
laminated lithic type 3 is similar to lithic type 6,
the major difference between the two being that
faintly laminated lithic type 3 is dominantly lime
mid with only subordinate peloid laminae.
Alternating discontinuous peloid laminae and
continuous mud laminae occur on the western
side of Andros Island. This type of laminate
fabric is so common to the Andros Island
intertidai and supratidal environments that
Hardie and Ginsburg (1977) have referred to it
as "Andros-type" lamination. Although the
peloid and mud laminae commonly occur as
couplets on Andros Island, as well as in lithic
type 6 of the Plattin, successive mud laminae
without intervening peloid ones also are
present. Hardie and Ginsburg (1977) interpret
each "Andros-type" lamination as the product of
a single storm that carried mud and peloids
from offshore subtidal environments onto the
tidal flat. The mud layer is deposited first as an
algal "stick-on", a layer that is trapped on the
surface of the wetted algal mat, and the peloids
are deposited later in the surface swales of the
mat as the storm peak wanes. Successive mud
layers, which characterize faintly laminated
lithic type 3, would be products of lesser storms
that did not entrain quantities of peloids. Faintly
laminated lithic type 3 possesses both smooth
fiat lamination and disrupted flat lamination of
Harkie and Ginsburg (1877). The former, in



which mudcracks are rare to absent, is
characteristic of lavee and beach crast surfaces
on Andros Island; the latter, in which the
abundance of fine mud cracks, sheet cracks,
and fenestrae interrupt lamination, is common
on levee and beach ridge backsiopes. These
features collectively suggest for faintly
laminated lithic type 3 an exposure index
(Ginsburg and others, 1977) of <90, which is
characteristic of supratidal conditions. Traces
of evaporites, which are important aspects of
faintly laminated lithic type 3, also indicate a
high intertidal to supratidal environment. A
similar environment is suggestad for most of
thoge heterogenseous varleties of lithic type 3
that are apparently unlaminated but possess
mudcracks and traces fo evaporites. Both
laminated and unlaminated varieties of lithic
type 3 discussed above are commonly
associated with lithic types 4 and 6 In the lower
portions of the Plattin, an occurrence which
strongthens their interpretation as products of
the supratidal and high intertidal environments.

Heterogeneous lithic type 3
encompasses Jee's (1984) lithofacies 2 and 4
(tubular fenestral, lime mudstons to peloidal,
lime wackestone and homogeneous, lime
mudstone) from the Plattin of Izard and
Independsence Counties, Arkansas, Cressman
and Noger (1976) designated similar rock types
from the High Bridge Group of Kentucky as
"laminated micrite" and "micrite containing
tubiform burrows," which they interpreted as
supratidal and intertidai, respectively.

A few examples of heterogeneous lithic
type 3, both faintly laminated and uniaminated,
can contain scattered burrows and/or a sparse,
though diverse, fauna. Burrows are evidenced
by patches of peloids, calcite spar, or dolomitic
mottles. Some of these burrowed and/or
fossiliferous rocks also can have mudcracks
and evidences of evaporites. Burrowed and/or
fossiliferous mud rocks, which are most
common in the upper portions of the thicker
sections (Figures 13, 14, and 18) where they
are associated with lithic types 7 and 8, posslbly
were deposited lower on the tidal fiat than other
types of heterogeneous lithic type 3. These
rocks bear some resemblance to Jea's (1984)
lithofacies 12  (dolomite mottied, lime
mudstone) and rocks Cressman and Noger
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(1976) termed "micrite containing dolomite-
filled burrows."

Homogeneous lithic type 3 provides
little evidence for environmental interpretation.
Howsever, its association with heterogeneous
lithic type 3 suggests an environment high on
the tidal flat under conditions not conducive to
development or preservation of textural details.

Lithic types 4 and 5 - intraclast-

loi i a rainston an
Id-intracl lim ack n r
wackestone/packstone: Both lithic types 4

and 5 are characterized by intraclastic grains
that range from fine-sand size to about one inch
(2.5 cm) in long dimension. They are similar in
shape to the flat-pebble gravels of Andros
Island (Hardie and Ginsburg, 1977). Lithic type
4 is a volumetrically important rock in western
sections (from section BC westward, Figures
18-23), where it dominates intervals up to 10
feet (3m) thick. It is less prevalent in eastern
sactions (Figures 13-17). Lithic type 5, which is
less common than lithic type 4, is not recorded
east of the Big Creek section.

Intraclasts form from indurated or semi-
indurated crusts that are bound by
cyanobacterial mats or by early cementation,
generally aragonite, or a combination of the
two. Clasts are produced when cyanobacteria-
bound sediments dry and develop polygonal
shrinkage cracks. Clasts also develop when
the force of crystallization accompanying
continued cementation by aragonite and/or
evaporites brecciates the crust. Once formed,
clasts can be moved from their place of
formation by wave action, storm surge, or by
undercutting resuiting from lateral migration of
tidal channels. According to Shinn (1983a),
most clasts are derived from the supratidal
environment, but they can also form in intertidal
(Hardie and Ginsburg, 1977) and subtidal
{Hagan and Logan, 1974) settings. Considering
the spectrum of environments in which clasts
are produced, and the possibility that clasts can
be moved after formation, interpretation of the
environment of deposition of intraclastic texture
Is equivocal.

Clasts on modern tidal flats range from
sand size up to three feet (Im) in long
dimension. Plattin clasts, most of which are no



larger than one to two inches (2 to 4.5cm),
match in scale the fine mudcracks that are
common in the mud laminates of the unit.
Compositionally, they are also similar to these
mud rocks (Plate 2:A). These observations,
associated with the absence of a diverse fauna
that would indicate a subtidal origin, suggests
that most Plattin clasts formed in high intertidal
to supratidal environments and were moved by
storms a greater or lesser distance on the tidal
fiai. The praesence in lithic type 5 of mudcracks
and evaporite traces reinforces  this
interpretation. Roehl (1967) reached a similar
conclusion for flat-pebble breccias in the
Silurian Interlake Formation of the Williston
Basin. Hardie and Ginsburg (1977) assign an
exposure index of 70-99 to the intertidal-
supratidal intraclasts of Andros Island.

Reports of intraclastic rock from lower
intertidal and subtidal settings are provided by
Walker (1973, lithology 4b) and Jee (1984,
lithofacies 9: fossilifercus, intraclastic, peloidal
lime packstone to grainstone). In both of these
examples the intraclastic rock carries a rather
diverse biota. Burrowed examples of lithic type
5 also might have accumulated tower on the
tidai flat.

Lithic type 4 and 5 differ in that peloids
from the matrix of lithic type 4 (Plate 1:E),
whersas the matrix of lithic type 5 is mostly lime
mud (Plate 2:A). Rosehl (1967) termed the latter
“float breccia" and suggested that it was the
product of a lower energy environment than
texture like that of lithic type 4. However, he
also interpreted disoriented clasts as products
of higher energy conditions and some of the
Plattin mud-supported intraclasts are
disoriented (Plate 2:A). As Hardie and
Ginsburg (1977) point out, the problem of the
origin and accumulation of intraclasts, and in
particular the significance of grain-supported
varsus mid-supported texture, needs more
attention in studies on modern tidal flats.

Lithic type 6 - interlaminated lime
mudstone and _pelold lime _packstone/
graingtone: Lithic type 6 Is volumetrically the
most important rock in the Plattin, It is
particularly prevalent in the fower two-thirds of
the unit, especially in the eastern sections. To
the west (sections SM, GIL, TCB, CC, and CAR;
Figures 19-23) it is replaced in prominence by
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lithic types 3, 4, and 5. For several reasons,
lithic type 6 is unequivocally interpreted as a
product of the high-intertidal to supratidal
environment.

The most diagnostic character of lithic
type 6 is its "Andros-type"” lamination (Plate 2:C;
Plate 3:A), which has been discussed under the
interpretation of lithic type 3. this type
lamination occurs in lithic type 6 primarily as
disrupted flat lamination {mud cracked) (Plate
2:C; Plate 3:AB} and crinkled fenestral
lamination (Plate 2:B), which are characteristic
of a variety of supratidal environments
(exposure index >85) on Andros Island (Hardie
and Ginsburg, 1977). Ancther strong argument
for interpreting lithic type 6 as high intertidal to
supratidal is the presence of well-developed
fine to medium horizontal fenestrae (Plate 3:A),
which is considered by Shinn (1983a,b) as an
infallible indicator of tida! flat sediments. In
addition, many examples of lithic type 6 exhibit
evidences of svaporites in the form of calcite
pseudomorphs after selenite and halite (Plate
2:C,D; Plate 3:A-C; Plate 4:A,B). As is also the
case with evaporites in lithic type 3 (Plate 1:D},
individual  porphyroblastic  crystals  have
become laterally linked to form irregular
fenastrae of diffarent shapes and sizes (Plate
2:.C,D; Plate 3:B,C). Gypsum is forming
presently in the high intertidal and supratidal
sediments of Andros Island (Hardie and
Ginsburg, 1977), Shark Bay (Logan, 1974) and
along the Trucial Coast of the Persian Gulf
(Bush, 1973). Because of the humid climate,
gypsum does not survive in the Andros Island
setting. Halite is deposited as ephemeral
crusts on the supratidal flats of the Trucial Coast
and Shark Bay.

Jee interpreted this same rock type
(1984, lithofacies 5 and 5a: interlaminated lime
mudstone and peloidal lime packstone and
evaporite-bearing interlaminated lime
mudstone and peloidal lime packstone) from
the Plattin of lzard and Independence counties
as indicative of the intertidal and supratidal
realms. Cressman and Noger (1876} included
similar, but somewhat thicker layered rock in
their category ‘"micrite and interlayered
pelsparite,” which they interpreted as intertidal
in origin. Walker reported an equivalent rock
type (1973, lithology 3), which he interpreted as



intertidal, from the Black River Group of New
Yark.

| - r itl

limestone: Stromatolites are rare in the Plattin,
especially compared to their occurrence in the
underlying Joachim, where in some Intervals
they abound. LLH-C stromatolites closely
resemble those forms assigned to the genus
Collenia in the literature and are believed to
form an protected intertidal flats where there is
only slight wave action (Logan and others,
1964). The SH-V forms resemble Cryptozoan
and have been interpreted as forms that grow in
exposed intertidal zones, where the scouring
action of waves prevents the growth of
cyanobacterial mats  between  adjacent
stromatolites. Except that they are larger in
scale, the Plattin stromatolites (Plate 6:C)
resemble in external form and internal layering
the smooth domal and ‘raised disc"
protostromatolites now forming in the intertidal-
supratidal environments on Andros Island
(Mardie and Ginsburg, 1977). Probably the
most convincing evidence for placing these
stromatolitic structures in the intertidal-
supratidal zones is that their dominant internal
layering is that of lithic type 6 with lamination
disrupted by mudcracks and caicite casts of
evaporites (Plate 6:8).

LOWER INTERTIDAL-SUBTIDAL

Li t - mol lim
wackestone; The nearly total lack of

laminations, presence of burrow mottling, and
common occurrence of mollusc skeletons
(Plate 4:C) suggest close affinity of this rock to
sediment collecting in subtidal and bordering
Intertidal low algal marsh environments of the
channeled belt ponds on Andros Island (Hardie
and Ginsburg, 1977). Lack of laminations
probably reflects burrowing activity of animals,
possibly the associated malluscs. Lithic type 7
is gradational with lithic type 3 through the
addition of faint laminations, mudcracks and
calcite pseudomorphs after evaporites.

Lithic type 9 - ooid-peloid lime
grainstone/packstone: Lithic type 9 is rare in
the Plattin. Interpretation of its environment of
deposition s a problem because it is
associated with rocks of both subtidal and
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intertidal-supratidal affinity. Loreau and Purser
(1973) report coid formation in the Persian Gulf
in both shallow, agitated water and less agitated
waters of lagoons and protected tidal flats.
Furthermore, ooids are commonly moved from
their site of formation to ultimate resting places
on beaches, tidal flats, and aeolian dunes. ltis
our conclusion that most Plattin ooids probably
formed in shallow-subtidal environments and
either accumulated there, as seems to the case
tor the ooids associated with subtidal rocks
high in the Gunner Poo! and Big Creek sections
{Figures 15, 18), or were driven by storms onto
the tidal flat. The latter almost certainly seems
to be the explanation of ooids associated with
intraclasts and containing a lime mud matrix or
interlaminated with mudcracked, laminated lime
mudstone (Plate 5:B,0). In addition, in these
latter examples ooids are commonly partially to
completely altered to micrite (Plate 6:A),
suggesting a process similar to that in Shark
Bay where grains washed from subtidal
environments onto the cyanobacterial mats of
the tidal flat are micritized by boring algae.

Lithic type 9 is the same as Jee’s (1984)
lithofacies 10 (fossiliferous intraclastic, peloidal,
oofitic lime packstone to grainstone), which he
interprets as protected subtidal. Walker
interprets a similar rock (1973, lithology 5) as a
product of the intertidal environment.

SUBTIDAL
Lithic type 8 - skeletal lime
wackestone/packstone: The abundant,

diverse fauna and unlaminated, burrow-mottled
character of lithic type 8 (Plate 5:A) makes its
placement in the shallow subtidal environment
unquestionable. this rock type seems to be the
same as Walker's (1973) lithology 6a of the
Black River Group of New York, and shows
similarities to Cressman and Noger's (1976)
“micrite containing Tetradium fragments” and
"biopelsparite" of the High Bridge Group of
Kentucky. Jee's (1984) iithofacies 11, (coral,
skeletal lime wackestone to packstone), which
he interpreted as protected, shallow subtidal, is
the same as our lithic type 8.

Lithic _type 11 - coral lime
boundstone: The most diagnostic feature of
lithic type 11 is the occurrence of Tetradium




colonies in growth position (Plate 7:A). It is
essentlally the same rock type as Walker's
{1973} lithology 6B and Jee's (1984) lithofacies
11a (coral-algal, lime boundstons).

COMPARISON TO MODERN AND
ANCIENT TIDAL FLATS

A remarkable similarity exists between
the lamination and bedding style of the Plattin
and the modern carbonate tidal flat deposits of
Andros Island as detalled by Harkie and
Ginsburg (1977). Although some comparison
does exist between the Plattin and the Shark
Bay (Logan and others, 1974) and Persian Gulf
(Purser, 1973) settings with respect to evaporite
formation, apparently the overali character of
sedimentation is much more influenced by
energy conditions than climate. Both the Plattin
and the Andros Island sediments are mud-rich
records of low-energy shelf conditions.
Skeletal and other grainstones, which are
characteristic of strand line deposits of Shark
Bay and the Persian Guif, are virtually absent in
the Plattin and on Andros Island. The transition
from intertidal-supratidal deposits of the lowser
Plattin to distinctly subtidal deposits of the
upper Plattin is marked in a few places
(sections GP, BC and Jee's [1984] sections
along the White River) by a thin ooid-peloid
grainstone, but most commonly is gradational
through low-energy mud-rich rock.

The climate under which the Plattin was
deposited is difficult to ascertain. The presence
of widespread evaporites in the unit suggests
arid or semi-arid conditions like the present-day
carbonate tidal flats of the Persian Gulf Trucial
Coast and Shark Bay. The climate of the Trucial
Coast is so dry that evaporitic pans (sabkhas),
which prohibit growth of cyanobacterial mats,
develop. Brines, which develop by evaporation
of waters from the surface of the sabkha, sink
into the sediments beneath and deposit layers
of gypsum. Although sabkha conditions do not
develop on the Intertidal-supratidal flats of
Shark Bay, brines concentrated by evaporation
are of sufficiently high chlorinity to deposit
gypsum as layers and crystals within the
sediment beneath the flats. Algal mats do
survive on the Shark Bay supratidal Flats,
particularly in the low areas that stay wetted
longer, although their growth is not as vigorous
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as in the more humid Andros Island setting.
Porphyroblastic gypsum, in some examples as
crystals several centimeters across, grows
within the substrate of the Shark Bay intertidal
zone, In places gypsum is so abundant that
primary textures of the carbonate sediment are
destroyed as grains are displaced into
intercrystalline spaces. There is no suggestion
of sabkha conditions on the Plattin tidal flat.
Evaporites were not deposited as layers in salt
pans, but rather grew as porphyroblasts that
pushed the host sediment aside or as crystals
that encompassed the sediment (Plate 4:A,B).
Although individual crystals became laterally
linked as they grew, forming irregular fenestrae
of different shapes and sizes, gypsum did not
form continuous layers of any extent as it did in
the sabkhas of the Silurian Interlake Formation
of the Williston Basin (Roehl, 1967). We have
not recognized texture attributable to solution
breccia or breccia caused by the force of
prophyroblastic crystal growth in any of the
Plattin evaporite-bearing strata. in shon,
evaporites did not form on or in Plattin tidal flat
sediments in nearly the abundance that it is
presently forming in the semi-arid Shark Bay
and arid Persian Gulf climates. We therefore
conclude that the climate during Plattin
deposition was more humid than these modern
sites of evaporite accumulation. This is
consistent with the Plattin's characteristic
laminate fabric, which suggests a tidal flat on
which chlorinity was not persistently so high as
to prevent vigorous growth and widespread
development of cyanobacterial mats.

Halite has not been reported as
porphyroblasts in the sediment of modern tidal
flats, but does occur as ephemeral crusts on
the supratidal flats on the Trucial Coast (Bush,
1973) and Shark Bay (Logan, 1974). In both
locations halite crystals apparently are not
preserved because of their susceptibility to
resorption by atmospheric water (rain or dew),
tidal water, or groundwater. If the conclusion
that the Plattin climate was not as arid as those
of the Trucial Coast or Shark Bay is correct,
then the preservation of porphyrobiastic halite
for a time sufficient to allow it to be casted is a
mystery. If it is presumed that the halite was
resorbed shortly after formation, which is likely
considering its solubility, then it can only be
concluded that soon after deposition, Plattin



FIGURE 12. Tidal-channel(?) scour in Piattin. Hammer rests on scoured surface.

sediment became sufficiently lithified to allow
preservation of halite molds.

Although we have compared some of
the Plattin textures and structures to specific
positions on the Andros Island channeled belt,
there is no evidence that the Plattin tidal flat
was geomorphically as varied as that on
Andros. For instance, we have not recognized
in outcrop morphologies that would identify
distinct tidal channels with attendant levees and
inter-channels ponds. Nor has the construction
of facies diagrams identified vertical sequences
suggestive of the migration of typical tidal flat
environments. Some small channel-like ponds.
Nor has the construction of facies diagrams
identified vertical sequences suggestive of the
migration of typical tidal flat environments.
Some small channel-like features do occur at
the Gilbert locality (Figure 12), but these ars not
floored by intraclasts as are the Andros Island
Channels and could very wsll be nothing more
than storm scour of the tidal flat. Our failure to
recognize in outcrop different tidal flat
environments may result from a general lack of
lateral exposure sufficient enough to allow
chservation of facies changes, or it might be
simply that the Plattin flat was essentially
featureless. We suspect the latter is the case.

As mentioned earlier, the Plattin
Limestone of Arkansas represents a small
portion of a widespread tidal flat that extended
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from Oklahoma through Kentucky, Ohio, New
York and into Ontario. The Oklahoma Fite
Formation and its lateral equivalent, the Corbin
Ranch Submember (Bromide "dense") of the
Bromide Formation (Amsden, 1983), are
composed of interbedded mudcracked,
fenestral lime mudstone with restricted fauna

and Tetradium-bearing skeletal
wackestone/packstone, representing lithic

types 3 and 7/8, respectively, of this study. The
Oklahoma rocks do not appear to be particularly
laminated, nor apparently do they contain
traces of evaporites. The distinct interbedding
of fossiliferous subtidal rock with fenestral tidal
fiat rock suggests an overall iower position on
the tidal flat for the Oklahoma rocks.

The Plattin compares closely with the
High Bridge Group of Kentucky (Cressman and
Noger, 1976) and the Black River Group of
Ohio, (Stith, 1979), New York (Walker, 1973),
and Ontario (Mukherji, 1969) in that these
formations are characterized by "Andros-type"
lamination in both peloid rocks and mudrocks,
flat-pebble breccias, and Tetradium-bearing

skeletal wackestone/packstone. in contrast,
traces of evaporites have not been reported

from the Kentucky and Ohio rocks and are rare
io absent in the Black River of New York. In
general, these units seem to be more
fossiliferous (body and trace fossils) throughout
than the Plattin, indicating that they represent a
greater accumulation of lower intertidal-subtidal



rocks as compared to a dominance of high
Intertidal-supratidal rocks in the Plattin. This is
particularly true for Plattin sections west of the
White River. Rock with a diversity of fossils is
more common in Jee's (1981, 1984) sections
east of the White River (Figure 2). These
sections compare more favorably with the Black
River of Kentucky, Chio and New York.

The Black River of Southwestern
Ontario contains calcite nodules interpreted to
be casts of supratidal gypsum. The nodules are
up to six inches (15cm) in diameter and could
very well have formed under sabkha conditions.
Other than what appears to be a more intensely
evaporation environment, the deposition of the
Ontario rocks took place under conditions quite
similar to those of the Arkansas Plattin.

In summary, we envision the Plattin
environment as a rather featursless tidal flat
bordered by a low-energy, shallow, subtidal
shelf. Storm tides frequently wetted the tidal
flat, encouraging vigorous growth of
cyanobacterial mats. The bordering marine
water of normal salinity supported a moderately
diverse fauna that destroyed cyanobacterial
mats in the subtidal environment through their
browsing and burrowing activity. Storms
delivered to the tidal flat lime mud that was
trapped by the mat, which during periods of
exposure dried and cracked to provide
intraclastic grains that were periodically eroded
by storms and redistributed in layers of greater
or lesser extent on the tidal flat. Toward the
seaward extent of the flat, shalfow subtidat
pools populated by marine organisms,
dominantly molluscs, existed for short periods
of time.

The Plattin climate probably was not
persistently arid. Sabkhas did not develop, nor
did layers of evaporites accumulate. Seasonal
or longer term dry periods no doubt did occur.
These dry periods caused evaporation of tidal
flat waters to form brines from which
porphyroblastic evaporite crystals formed within
the sediments. Intervening wetter periods
dissolved the evaporite minerals. The tidal flat
sediment apparently became semi-lithified
soon after deposition because molds of the
evapotite crystals persisted to become filled by
pore-filling calcite.
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HISTORY OF DEPOSITION

The Plattin shows distinct east-west
trends in the distribution of lithic types across
northern  Arkansas. Jee (1981, 13984)
subdivided the Plattin of fzard and
Independence Counties into five informal units.
The basal few feet of his unit |, which comprises
about 1/4 to 1/3 of the Plattin, are intertidal to
supratidal deposits of dolostone, intraclastic-
peloidal grainstone (our lithic type 4) and
mudcracked, pseloidal lime mudstone (our lithic
types 3 and 6). Layers of coral, skeletal lime
wackestone (our lithic type 7) dominates the
upper part of unit |, where it is interbedded with

svaporite-tract-bearing  interlaminated lime
mudstone and peloidai lime
packstone/grainstone {our lithic type 6). This
association Jee interprets as ‘“competitive

sedimentation" between subtidal and tidal flat
environments. In Eastern Stone County
sections (GF and HER, Figures 13, 14; and
Jee's section at Allison, Figure 2), the lower
portion of the Plattin is dominated by intertidal
to supratidal deposits {mostly lithic types 3 and
6). These sections contain some fossiliferous
beds (lithic type 7), the presence of which
documents a  subtidal influence, - but
fossiliferous beds are not as common as in
Jea's unit 1 to the east. Sections farther west in
Stone County (GP, BN, and BS; Figures 15-17)
exhibit little, if any, subtidal influence. The
basal Plattin in sections further to the west in
Searcy and Newton Counties {Figures 18-23), is
composed almost entirely of high intertidal-
supratidat rocks (lithic types 1-8). This
distribution of rock types suggests that initial
Plattin deposition to the east was lower on the
tidal flat than to the west. Although the lower
Plattin in lzard and Independence Counties
contains a prominent component of intertidal-
supratidal rock, the common association of this
rock with beds possessing a relatively diverse
fauna suggests a subtidal influence either
through relative changes in sea level or the
presence of ephemeral tidal ponds. Subtidali
influence diminishes to the west where initial

Plattin deposits record environments
exclusively of high intertidal to supratidal
settings.

Jee's wunit I is dominated by
mudcracked, evaporite-trace-bearing

intertaminated lime mudstone and peloida! lime



packstone/grainstone (our lithic type 6) similar
to the bulk of the lower Plattin to the west in
Stone County. The replacement of unit | by unit
Il In Izard and Independence Counties indicates
a progradation of the tidal flat, with at least a
component of the progradation taking place
from west to east,

Jee's unit [l is a thin interval
characterized by fossiliferous oolitic lime
packstone/grainstone (our lithic type 8). The
unit, which records transgression of the
prograded tidal flat by subtidal environments, is
present in Jee's sections in |zard and
Independence Counties (Figure 2), and at
Gunner Pool and Bear Creek (Figures 15, 18),
but appears to be absent in other sections.
This suggests that the leading edge of the
transgression was represented by scattered
oolitic shoals that did not occur everywhere.

Jee's unit IV, a coral, gkeletal lime

wackestone/packstone with abundant
Tetradium (our lithic type 8), represents
maximum Plattin transgression.  This unit,

which includes a thin bed of coral boundstone
(lithic type 11), is well defined in Jee's sections
in lzard and Independence Counties and at
Allison. It is also well deveiopad at Guion Ferry,
Hemel, and Bear Creek (Figures 13, 14, 18),
and the basal few feet appear to be present in
the top of the Gunner Pool section (Figure 15).
Its absence at the two Barkshed sections, which
are relatively thin, and its presence to the west
at Bear Creek, a relatively thick section,
suggests that unit IV has been removed by
erosion from the top of the Plattin to the west of
eastern Stone County.

Jee's unit V, composed of bioturbated,
sparsely bio-clastic lime wackestone containing
desiccation features at its top, indicates that the
end of preserved Plattin deposition was marked
by renewed progradation. Unit V can be
recognized at Guion Ferry and Herpel (Figures
13, 14}, where it is more prominently marked by
desiccation features than in Jee's sections in
Izard and Independence Counties to the east.
This suggests that the east-west distribution of
peritidal environments present during early
Plattin deposition persisted into the deposition
of its youngest layers. Unit V is not present in
western sectlons where it has been removed
from the top of the Plattin by erosion.
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The presence to the north of the Ozark
Dome, a persistent Paleozoic high, would
predict that the major transgressive-regressive
pattern during Plattin deposition be oriented
north-south. The facies distribution in the
Plattin, however, suggests that at least a minor
component of this pattern is oriented east-west.
This indicates the presence of a high
somewhere in western Arkansas. The
distribution of lithic type 12 (calcareous shale
and argillaceous limestone), which is more
prevalent in western sections of the Plattin,
supports this notion. Ordovician erosion
patterns in northern Arkansas also are
instructive. The apparent overstep of the Plattin
onto the St. Peter Sandstone and Fernvale
Limestone onto the Plattin in a westerly
direction is best explained by a persistent high
to the west. The Plattin along Polk Bayou
(Figure 2), from where the greatest thickness of
the unit is reported (Miser, 1922), could serve
as a test as to whether this rise to the west is
real or only apparent. If real, the Plattin north of
Batesville should show a greater marine
influence than that along the White River and to
the west.
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SW 1/4 SE 1/4 SEC. 29 T16N R16W

FIGURE 20. GILBERT SECTION
MARSHALL QUADRANGLE,SEARCY COUNTY
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FIGURE 22. CAVE CREEK SECTION
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NEWTON COUNTY
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FIGURE 23. GARVER SECTION
NE 1/4 NE 1/4 SEC. 1 T156N R20W
MT.JUDEA QUADRANGLE, NEWTON COUNTY
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EXPLANATION OF PLATE 1

FIGURE A. Laminated dolostone (lithic type 2). Notice the planar to undulating
millimetar laminations that are characteristic of rock type. Similar to smooth
flat larnination of Hardie and Ginsburg (1977) (outcrop photograph, CAR-16).

FIGURE B. Lime mudstone (lithic type 3). Brecciated fabric produced by intense
mudcracking. Note calcite pseudomorphs efter halite (arrows) and irregular
fenestrae filling interstices between breccia pieces (negative print of acetate
peel, GP-47). Bar is 4mm.

FIGURE C. Lime mudstone (lithic type 3). Note faint laminations and dolomite-fiiled,
medium-size v-shaped mudcracks in upper 1/3 of photograph. Irregular
fenestrae in bottom 2/3 of photograph unidentified, probably desiccation
features. (negative print of acetate peel, BS-3). Bar is 4mm.

FIGURE D. Lime mudstone (lithic type 3). Irregular fenestrae interpreted as calcite
pseudomorphs after porphyroblastic halite crystals that became laterally
linked as they grew in sediment. Note straight and angular outlines.
Mudcracked nature of rock not visible in this photograph (photomicrograph
of acetate peel, GP-59B). Baris Tmm.

FIGURE E. Intrac/ast-peloid packstone/grainstone (lithic type 4). Note well-sorted,
densely packed peloids and angular to rounded intraclasts with long axis
paraliel to bedding. Laminoid tenestrae common in sheltered areas below
intraclasts (negative print of acetate peel, CC-13B). Bar is 5mm.

36






EXPLANATION OF PLATE 2

FIGURE A. Peloid-intraciast wackestone or wackestone/packstone (lithic type 5).
Breccia intraclasts are of lithic type 6 with laminoid fenestrae. Random orientation,
composition, and angularity of clasts, plus mud matrix, indicates short transport and rapid
deposition of algal mat rip-ups on tidal flat. Fabric sirmilar to float breccia of Roehl (1967).
Lowest large intraclast is 25 x 9 mm (negative print of acetate peel, TCB-22). Bar is 9mm.

FIGURE B. Interlaminated lime mudstone and peloid lime packstone/grainstone (lithic
type 6). Rock exhibits planar to wavy laminations, mudcracks {see thick laminae at
bottom), and calcite casts of former evaporites. Wavy laminations, simitar to crinkled
fenestral lamination of Hardie and Ginsburg (1977), apparently records morphology of
algal mat (negative print of acetate peel, BS-25). Bar is 4mm.

FIGURE C. Interlaminated lime mudstone and peloid lime packstone/grainstone (lithic
type 6). Note abundant mudcracks, some which propagate through several layers of mud
and peloid composition, and discontinuous peloid laminae. Similar is disrupted fiat
lamination of Hardie and Ginsburg (1977). Boxed area contains calcite cast of evaporite
cluster enlarged in Figure D below (negative print of acetate peel, TCB-12). Baris 10mm.

FIGURE D. Enfargement of boxed area in Figure C above. The spar-filled void contains

cast of pseudohexagonal gypsurn crystal (arrow). Note other external and internal
angular outlines. Bar is 6mm.
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EXPLANATION OF PLATE 3

FIGURE A. Interlaminated fime mudstone and peloid packstone/grainstone (lithic type
8). Note mudcracks, discontinuous peloid laminae, laminoid fenestrae, and calcite
pseudomorphs after halite (arrows). Similar to disrupted flat lamination of Hardie and
Ginsburg (1977) {negative print of acetate peel, GF-75). Bar is 4mm.

FIGURE B. Interlaminated lime mudstone and peloid lime packstone/grainstone (lithic
type 6). Note teepese structure in center of photograph and general disrupted flat
laminations resulting from desiccation. Boxed area, enlarged in Figure C below,
encompasses evaporite casts (negative print of acetate peel, G1L-10B). Bar is 12mm.

FIGURE C. Enfargement of boxed area above. Texture is disrupted by porphyroblastic

growth of halite crystals, molds which are now filled by calcite. Note angular corners
(arrows) that identify the apparent irregular fenestrae as evaporites. Bar is 2mm.
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EXPLANATION OF PLATE 4

FIGURE A. Interlaminated lime mudstone and peloid lime packstone/grainstone (lithic
type 6). Pseudohexagonal calcite pseudomorph after selenite. Note encompassed
sediment (photomicrograph of acetate peel, BS-41). Baris 0.5mm.

FIGURE B. Interlaminated lime mudstone and peloid lime packstone/grainstone (lithic
type 6). Coalesced calcite pseudomorphs after halite. Sediment in bottom of casts either
infiltrated in after solution of halite, or during growth crystal encompassed host sediment,
which fell to the bottom of mold upon solution of halite (photomicrograph of acetate peel,
GF-74B). Baris 0.5mm.

FIGURE C. Mollusc lime wackestone (lithic type 7). Note mollusc fragments, shells,
and bioturbated fabric (negative print of acetate peel, GF-111D). Bar is 4mm,

FIGURE D. Mollusc lime wackestone (lithic type 7). Rock contains numerous circular
skeletal fragments (top arrow} which along with those tests indicated by bottom arrows,
have been tentatively identified as tenticulitids. Note cross section of gastropod in upper
center of photograph and abundant ostracodes (negative print of acetate peel, SM-7).
Bar is 6mm.
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EXPLANATION OF PLATE 5

FIGURE A. Skeletal lime wackestone/packstone (lithic type 8). Note abundant
Tetradium corallites (negative print of acetate pesel, GF-129). Bar is 5mm.

FIGURE B. Ooid-peloid packstone/grainstone (lithic type 9). Note cross lamination in
center of photograph bounded by mudcracked lime mudstons above and below
(negative print of acetate peel, CC-24L). Baris <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>