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ABSTRACT

Ienticular bodies of massive limestone, flanked by
thin crinoidal beds, crop out in southwestern Missouri and
northwestern Arkansas, They are within the St. Joe limestone
of the Lower Mississippian,

Strata underlying these bodies typlcally are down-
warped, those on the flanks lapping against, finally passing
completely over the limestone core. Dips away from the
“reef® are commonly around 5 degrees, but reach as much as
30 degrees. Conglomeratic detritus, originating from the
core, occurs in flanking beds at their comtact with 1t.

Thin sections of these masses show no more than
15 per cent of the limestone to consist of fossll remains.
These are chiefly encrusting bryozoans and crinold fragments,
with occaslonal ostracods and brachiopods. The matrix is
microspar, its particles ranging from about three to 10
microns in diameter, A minor amount of dlisseminated clay
was observed,

Flanking beds and inter-reef limestones differ in
being composed of 50 to 75 per cent fossils; the matrix is
more variable and in places céarser than in the core. The
clay content,; although minor, 1s appareﬁt along partings.

The lentlcular cores,; or bioherms; are interpreted
as minor elevations caused by entrapment of fine mud by
non-calcareous plants in an environment of low energy.
Beef-building calcareous organisms are virtually absent,

WYave and current action as a formative agent are negated



by the presence of fine mud in the biloherm.

Genetic interpretations of certain bioherms from
different areas and varying parts of the Paleozoic and
Tertiary were discussed and rejected as an explanation for

these phenomena,
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INTRODUCTION

Reef-1like bodies of massive limestone, enclosed by
bedded strata, have had a number of genetic interpretations.
They have been explained by submarine erosion, crinoidal
or bryozoan biohermal origin, and algal reef formation.
Bock masses of this general kind are known from Precambrian
through the Cenozolc section.

Limestone features of this general type, occuring
in the'Mississippian System of southwestern Missouri and
northwestern Arkansas, were therbjective of a detailed
field and laboratory study, directed toward the location,
description, and genesis of these phenomena. Conventional
field methods were used, supplemented by a petrographic
analysis of hand specimens and 167 thin sections. As a
resuit, it is concluded that the Missouri-Arkansas %reefs"
differ markedly from similar known geologic forms, and
that they aré a previously unrecognized fossil analogue of
certain mud banks of the Recent environment.

Plant baffle entrapment is a mechanism producing
reef-1ike banks in shallow protected marine waters. The
phehomenon is closely l1like the fixation of sand dunes by
terrestrial plants. Vegetable matter is not preserved,
and the remainder of the associated bilota cammnot account
for entrapment of the mﬁd of the banks. This situation,
in its objective elements, is duplicated precisely by the
bloherms of the Missouri-Arkansas area. No other explanation

can be supported, and plant baffle entrapment is accepted

without reservation as the origin of these limestone masses.



PREVIOUS INVESTIGATIONS

' Massive reef-like bodies of limestone in the Eureka
Springs—-Harrison Quadrangle area were fifst reported by
Purdue and Miser (1916, p. 11) who, however, failed to
recognize them as such. They reported an apparent "uncon-
formity®™ within the St. Joe limestone member of the Boone
formation on Davis Creek northweét of the 6ommnnity of
Yardelle, NewtonlCounty,,Arkansas. The section was described
as two lithologic units: a lower sequénoe of limestones,
thin and platey in'plaoes and~massive in others; and an
upper unit containing pinkish limestone beds., The Puncon-
formity™ was presumed to have been due to submarine erosion.
SiebenthalA(acoording to Purdue and Miser) had studied |
similar phenomena near the same stratigraphic position in
the‘wyandotte Quadrangle of mnortheastern Oklahoma and
southwestern Missouri but interpreted them as having been
caused by ocean current action such as produces sand bars.
Purdue and Miser reported a similar ®unconformity®™ near the
base of the Boone formation on War Eagle Creek at the
settlement of War Eagle in the easterﬁ portion of the
Eureka Springs Quadrengle, listing the étratigraphic section
as desoribed by Ulrich. .Only sixteen feet of the St. Joe
member are exposed there and the ‘“unconformities® are-

- found in beds:bdverlying the St. Joe.

Croneis (1930, p. 47) stated that a number of apparent
‘Punconformities® were found in the St. Joe limestone of
Arkansas as>ex3mplif1éd by_thoée ogéurring»ab Yardelle and

‘War Eagle,



.Cline (1934, p. 1141) discussed anomalous dips in
the St. Joe at Noel, Missouri, and clted Purdue and Miser's
account of similar features near Yardelle, Arkansas., He
agreed with their conclusion that the structures are uncon-
formities formed by submarine erosion.

Laudon (1939, pp. 325-327) discussed crinoidal
bioherms in the St. Joe limestone of northeastern Oklahoma.
He described the biloherms as 1enticu1ar; varying from a few
feet to two miles in length, and, up to eighty feet thick.

Clark (l941,>pp.‘96-100); in his account of the
Mississlpplan stratigraphy of the Cassville Quadrangle,
Barry County, Missouri, described massive features in his
.Compton member of the St. Joe formation., He described the
structural and stratigraphic relatiomns at some length, as
well as the texture of the beds involved., Clark further
discussed several possible explanations for these rock
bodies such as structural deformation, bioherms with an
organic framework, and off-shore bars and knolls due to
wave actlion. He favored the latter hypothesis.

In 1950 Kaiser, in a paper on the stratigraphy of
the'Lower Mississlipplan of southwest Missouri, reported that
Pno crinoidal bioherms such as are developed in northeastern
Oklahoma are found in the St. Joe limestone of southwestern
Missouri¥,

,Iaudon.again‘(1957; P. 965) discﬁssed a ‘crinoidal
bioherm exposed 6n the west bank of the Illinols River near

-the ."Eagles Nest™ north of Talequah, Oklahoma.



~ Moore (195?; p{ 123) saild there are no " . o . Structures

of biohermal nature , . ." observed anywhere in the Mississlpplan
formations of the Ozark region.

In 1957 Harbaugh reported on a number of bioherms in
the St., Joe and Keokuk members of the Boone formation of
northeastern Oklahoma., He concluded they were the résult of
growth and accumulation of crinoids in place. |

To summarizes Very little work has been done on
bioherms 1in northwestern Arkansgs and southwestern Missouri.
Conclusions.drawn by previous workers vary so widely that a
detaiied Investigation of these massive mounds of fine-

grained limestone 1s required,



GEOGRAPHY OF THE AREA

< —t— ——t———

LOCATION AND SIZE

The present study.was confined to extreme southwestern
Missouri and northwesterm Arkansas (Bioherm ILocation Map,
Plate I., p. 9 )« Counties involved are McDonald, Barry,
Stone, and Taney in Missouri; Benton, Washington, Carroll,
Madison, Newton, and Boone in Arkansas. Dimensions of the
area are approximately 100 miles easterly from the Arkansas-
Oklahoma border, and 30 miles north and south of the Missouri-
Arkansas boundary.

Topographic maps used in the study were the Wyandotte,
Noel, Rocky Comfort, Cassville, Shell Knob, Reeds Spring,
Galena, Garber, and Branson sheets of Missourl and the
Fayetteville, Eureka Springs, and Harrison of Arkansas
(U. S. Geological Survey),

In addition, the Harrison and Tulsa 1/250,000 maps
of the Army Map Service were utilized.

CULTURE

Several Federal Highways, including routes 62, 65,
and 71 traverse the area, as well as numerous state highways
and well—-kept county roads. A

The largest city is Fayetteville, Arkansas, with
other large towns including Siloam Springs, Springdale,
Rogers , Bentonville, Berryville, and Harrison, all in
Arkansas, The larger towns in Mlssouri are Branson; Cassville,

and Noel.



Cultivated areés are found mainly along stream and
river bottoms in Missouri, although in Arkansas around
Bentonville and Rodgers much of the upland is devoted to
cultivation.

General farming and stock raising are the main
sources of income,

The area is rapidly becoming a resort area owing to
the construction of Bull Shoals, Taneycomo, and Table Rock
lakes all on the White River. Beaver Dam, a future resort
attraction, is now under construction near the town of
Beaver in north Arkansas; again on the White River, Roaring
River State Park near Cassville and the town of Noel both
in Missourli have long been known as recreational areas.

PHYSIOGRAPHY

The region of the report lies in the southwest portion
of the Ozark Plateau Physiographic Provinece. More specifically
the western portion of the area is a part-of the Springfield
Plateau; the easterm portion is the extreme southwest margin
of the Salem Plateau; and the southern tip is the northern
edge of the Boston Mountains.

' The history of the Ozark Plateau Province is markéd
by several periods of uplift. .It was domed at some time
during the latter part of the Paleozoic, remaining a land
mass ever since (Fenneman, 1938).

Its structural form is that of an asymmetricai dome
of Paleozoic sedimentary rocks with a.Precambrian core,

The beds are inclined more steeply on the east than west

and dip off abruptly to the south.



The Springfield Plateau consists of a gently rolling
surface which slopes to the west and is underlain by cherty
limestones of Mississippian agé. It is of significance, also,
that the surface of the upland almost parallels contacts
between the various lithologic units. The plateau has been
dissected by streams in places exposing the section from
lower Ordovician through middle Mississippian.

The Salem Plateau is set apart from the Springfield
Plateau by the Eureka Springs Escarpment which separates
regions undeflain predominantly by Mississipplan rocks
(Springfield Plateau) from those underlain by Ordovician
strata (Salem Plateau). The escarpment can be seen project-
ing across portions of Taney, Stone, and Barry Counties in
Missouri. In Arkansas the counties of Benton, Carroll, and
Boone contain the escarpment.

That portion of the Salem Plateau seen in the thesis
area has been thoroughly dissected by the White River and
its tributaries. The rocks exposed are mainly Ordovician
dolomites.

The Boston Mountains constitute a dissected plateéu
cabped by sandstone of Pennsylvanian‘age. .Summit levels of
the mountalins slope toward the Arkansas Valley'to the south
and the beds dip in the same direction only at greater
angles than the summit slopes. These mountains are found
mainly in the southeastern part of Carroll County and the
southwestern portion of Boone County in Arkansas. Outlylng
hills of the Boston Mountains, however, are found as far

north as the southern portion of Barry County in Missouri.



TOPOGRAPHY AND DRAINAGE

The topography of the Springfield Plateau is that of
a gently rolling upland containing many youthful streams on
its upper reaches with predominantly mature streams developed
on its southern margins, Elevations commonly run as high
as 1400 to 1560 feet on the Cassville, 1200 to 1500 feet on
the Rocky Comfort, and 1100 to 1300 feet on the Noel Quadrangles
~of Barry and McDonald Counties, Missouri,

Principal streams draining the Springfield Plateau
include the Elk and-Illihois Rivers and their tributaries
which drain to the southwest and the White River and its
tributaries which drain to the east.

The White Biver, an entrenched meandering stream,
and its tributaries also drain the Salem Plateau. The
depth of the White River Valley is up to about 600 feet.

The topography of the plateau is dissected .and in a mabture
stage of regional development. .

Elevations of the summits of the Boston Mountains in
the southern parts of the Eureka Springs and Harrison
Quadrangles are commonly 2000 to 2250 feet., .Stream vallejys

in this area lie in many instances 500.to 1200 feet below

the summit levels,



GENERAT, GEOLOGY

STRATIGRAPHY
Introductory Notes
The ensulng discussion considers the general strati-

graphic features of the exposed Paleozolc rocks of south-
western Missourl and northwestern Arkansas; insofar as they
are related to the St. Joe bioherm problém,(see plate II.,
P. 12 for the general étratigraphic gsection), Only a
sumnary discussion of the Ordovicilan and Devonlan Systems
is gliven. '

Ordoviclan System

General Statement.

The Ordoviéian is widely exposed in southwest Missourl
and northwest Arkansas forming the maln surface of the
Salem Plateau, To the west and south; in the Springfield
Plateau area, it crops out as inliers along stream valleys

where erosion has penetrated local stratigraphic highs.

Jefferson City-Cotter Dolomite.
. The Jefferson Clity-Cotter dolomite>as the term will
be used herein will include both the Jefferson City dolémite
below, and the Cotter dolomite above. Both of these units
have been deflned as separate formatioﬁs. |

The writer reallizes that most of the uppermost dolomltes
exposed 1n his thesls area are actually Cotter beds and the
purpose of the grouping of the two units herein is by no

means intended as any sort of revision of the nomenclature;



but merely to simplify the situation for sake of discussion.

According to information published by the Mlssouril
Geological Survey, the Jefferson City-Cotter varies from
about 400 feet thick in the northwest portion of the thesis
area to 600 feet in the southwest corner of McDonald County,
Missouri.

The predominant lithology of this unit 1is dolomite
though thin beds of sandstone; shale, and oolite may be
present. The total aggregate thickness of sandstone, shale,
and oolite is minor, The strata are gray to buff, fine-
grained, thin to thick bedded and argillaceous. "Cotton rock"
type dolomite 1is present in many outcrops and chert mnodules
are often present scattered through the beds.

The Jefferson City-Cotter dolomite overlies the
Roubidoux formation and is usually overlain directly by
either the Sylamore sandstone, Chattanooga shale, or St. Joe
limestone. However, in the southerm part.of the area other
units of Ordovician age rest on the Jefferson City-Cotter..

Other Formations of dbddvioiah‘égg.

Other formations of Ordovicién age are present in.the
southern part of the area in Arkansas. ‘

A fine-grained, gray, shaly dolomite, the Powell
dolomite; is exposed in Newton, Boone; Carrol and Benton
Counties; Arkansas, It ranges from 0 to 200 feet thick and
rests on the Jefferson City-Cotter.

The Everton formation consisting of altermating lime-

stones, sandstone, and arenaceous dolomite,is widespread and
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highly variable in thickness averaging perhaps 100 feet.

It commonly overlies the Powell dolomite.

| The St. Peter sandstone; a well-sorted, we11~rounded;
medium—grained; massive white to buff unit, crops out in

the eastern and southern portions of Newton County, Arkansas.
It is up té 70 feet thick and overlies the Everton.

The Joachim dolomite is found only in the southern
and easterﬁ portions of Newton County; Arkansas. Litholo-
gically it consists of gray dolomite and limestone which
contain thin beds of sandstone. Overlying the St. Peter,
it is up to 150 feet thiqk.

The reader is referred to Adams and Ulrich (1905),
Purdue and Miser (1916);’and Croneis (1930) for a more
detalled description of the Ordoviclian strata.

Devonian System

General Statement.

BRocks of Devonlan age underlie Mississippian sediments
over most of the area, These rocks; together with the
Ordovician, are important in that they formed the depositlional
surface upon which Mississipplan stfata were laid down,

Sylamore Sandstone.

The Sylamore is exposed throughout southwest Missouri
and northwest Arkansas although it may be absent locally.
Lack of the Sylamore 1is usually assocliated with stratigraphic
highs and is due perhaps to the depositiomnal topography or
erosion subsequent to Sylamore deposition.

Thickness 18 highly variable; the Sylamore is 75 feet



thick near Springdalé; Arkansas; however; over most of the
area 1t ranges from several inches to three feet.

It is largely composed of medium-grained trénslucent
quartz gralns which are rounded to well-rounded and display
frosting; pltting and secondary crystal féceting. The sand-
stone is normally friable; containing sﬁall phosphate and
limonlite grains., Frequently quartz grains are stained with
iron oxide. The Sylamore is commonly white to light brown
or moderate brown. Bedding 1s usually massive and the
upper surface appeared to be ripple-marked at several out-
crops visited by the writer.

This sandstone rests ﬁnconformably upon different
formations at different places. Mostly it lies upon the
Jefferson City-Cotter dolomite or Powell dolomite. In the
weétern part of thé area the Sylamore is overlain by the
Chattanooga shale but in the east where the Chattanooga is
absent the Sylamore may be 6yer1ain by thé St. Joe limestone
or a green shale at the base of the St., Joe.

It is of interest that the Chattanooga shale normally
overlies the sandstone withoutvincofporating sand grains. in
it, Imvestigators have in the past. used this as evidence
for saying that the Chattanooga shale overiies-the Sylamore
conformably. |

The age of the Sylamoré is problematic; but it 1s
consldered upper Devonlan by many workers.

Chéﬁtandogé Shéié.

The Chattanooga shale of northwest Arkansas was
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called such by Adams and Ulrich (1905), when it was supposedly
correlated with the Chattanooga shale of Temnnessee. Earlier
names for this unit were the "Eureka shale“; a name which
was preoccupied, and the "Noel shale", The controversy lies
with the faumnal equivalence of this black shale in the
Ozark region and that of the Chattanoogé shale outcropping
in Tennessee.

This shale is present in southwest Missouri in McDonald
County and part of Barry County, but is absent east of the
eastern portion of the Shell Knob Quadrangle. In northern
Arkansas the shale is present in Benton, Washington, Madison,
and Carroll Counties.,

It ranges from 0 to 70 feet in thickmness and is
thickest in Washington County; Arkansas, but thins to the
east becoming abseﬁt in Madison and Carroll Counties, 1In
southwest Missouri the shale increases in thickness from
about 20 feet in Roaring River State Park.to 38 feet at
Pineville and 60 feet en the Arkansas-Missouri state line
north of Sulphur Springs, Arkansas.

Lithologically, the Chattanoéga consists of a;carbo-
naceous black shale, which is fissile- and commonly weathers
to a gentle slope between St. Joe limestone ledges above
and Ordovician dolomites below. Jointing is also prominent
with most of the joints vertical., . The shale is commonly
black on outcrop; but when weathered 1t may be»lééd gray.
Pyrite 1is common as ddésseminated nodules whose éuter periphery

has usually been altered to limonite.
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At the top of the black shale a less fissile green
shale is commonly developed. There has been controversy
as to whether thils shale represents an upper erosion zone
of the Chattanooga; produced by subaerial exposure when the
seas supposedly retreated after deposition of the black
shales, or whether it is a basal shale member of the St. Joe
formation. At one locality in central McDonald County,
Missouri, the writer examined an outcrop containing at least
three separate green shale zones several feet beneath the
shale in question. These "tongues®” may indicate a -facies
relationship between the St. Joe and upper Chattanooga, at
least in certain localities, )

The Chattanooga shale has been regarded as Upper
Devonian in age (Hass, 1956). Maybe this is the case,; but
one:should not overlook the posgssibility that perhaps the
Chatbanooga 1s in part Devonlan and in part Mississippian
with deposition being continuous from Late Devonlan into
Mississipplan. '

Mississippisn System

General Statemenﬁ.

Mississippian strata are exposed; for the most parﬁ,
along the edge of the highly irregular Eureka Springs
Escarpment and to the west and south forming the main surface
of the Springfield Plateau. These rocks consist of limestones
and cherty limestones; the basal beds which crop out élong

the escarpment and along stream valleys within the plateau

where erosion has uncovered them.

The exact physical relationship between many of the
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lithogenetic entities is at best vaguely understood, thus
formational nomenclature has been in the past, and still is,
in a state of flux.

St. Joe Formation.

Nomenclaturéi History.-- The St. Joe limestone was

first documented by Hopkins (1893, p. 253) who stated
"The St. Joe marble is the name given by the State
Geologist J,., C. Brammer to the promlnent bed of
red limestone which occurs widely distributed over
nearly all the counties of Arkansas north of the
Boston Mountains.‘ It is so named for the village
of St. Joe in Searcy County; Arkansas; where it was
first studied by the Survey¥" The St. Joe was
considered to be the basal unit of Boone chert by
Hopkins (1893, p. 10).

Adams and Ulrich (1905, p. 3), Purdue and
Miser (1916, pp. 9-11), Moore (1928, -pp. 3, 160) and
Croneis (1930; PP. 45;'46) all regarded the St. Joe
as the lowermost limestone member of the Boone forma-
tion, ‘

Cline (193%, p. 1134) stated that the term’
Boone 1s synonymous with Osagilan of the .upper ﬁississippi
Valley and that Osagian should be used in place of
Boone since 1t has priority. He further elevated
the St. Joe limestone to formational rank and designated
the rock units overlying the St. Joe; the Beeds ” |

Spring and Burlington;



McNight (1935) followed the pattern set by

earlier workers in regarding the St. Joe as a member
of the Boone formation.

Clark (1941) gave the St. Joe the rank of
formation and recognized four members - the Compton,
Northview, Plerson, and an upper unnamed unit. The
Compton, Northview and Pierson are considered as
separate formations 1in Green, Christian and Stone
Coﬁnties and thus Clark®s units resulted when he
concluded that the St, Joe was a correlative of the
three formationsvfound in the above countiles.

Branson (1944) abandoned the terms Boone and
St. Joe in favor of the Chouteau group consistling of
the Compton, Northview, Pierson; and Beeds Spring
formations,

Kaiser (1950) theorized that the St., Joe and
Plerson are synonyms and suggested-that the term
Plerson be dropped as a synonym for St. Joe for
reasons of identical stratigraphic_ﬁoéiéion; similar
lithologic‘oharacter; and ldentical fauna. He thought
that his St. Joe overlies the Se&alia; Northview, |
Syiamore; Chatfanooga; and in places, the Ordovician
unconformably.

Beverlidge and  Clark (1952), following Clark
(1941), designated the St. Joe as a.group {in Barry.
County, Missouri) and recognized the following forma-

tlons: the Compton; Northview and Pierson.
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Differences in interpretation are obvious from
the foregoing resume. Some of these were caused by
different fundamental bases for delineating strati-
graphic units. Lithostratigréphic and bilostratigraphic
units;'however; must be recognized as separate
distinct entities if uniformity in correlation is to

be anticipated (Schenck and Muller, 1941).

Usage in this Thesis.-- Since the primary purpese

of this investigation is to report a study on bioherms,
fonmational nomenclature used herein will be that
commonly applied to these rocks in the field. Most
ffequently the name St, Joe formation is applied to
the thin-bedded crinoidal limestone unit overlying

the Chattancoga shale, Sylamore sandstone, Jefferson
City-Cotter dolomite or other stratigraphic umits of
Ordovician, Silurian, or Devonian age. Others might-
apply to the same limestone names mentioned in the
above discussion but the author prefers the name

St. Joe because: the name has been widely used previously
in both Arkansas. and Missourif little 1is known of the
exact physical rélationship:between thése rocks and
those in adjacent areas, and thus application of other
names would be largely based on.conjéoture at this
time, Should future detalled field studies warrant
the application of different rock-stratigraphic terms;
usage of:the nomenclature proposed will allow for

ready transposition of terms. The unit consisting of



blue to black chert and crinoidal limestone overlying
the St. Joe will be referred to as the Reeds Spring |
formation, again, as the name 1is commonly applied in
the field.

Distribufion.—~ The St. Joe limestone 1s of wide areal

extent; cropping out as occasional outliers within

the Salem Plateau, along the Eureka Springs Escarpment,
and along the courses of streams which dissect the
Springfield Plateau. In southwest Missouri the out-
crops on the Springfield Plateau are along the courses
of streams having cut through local stratigraphic
highs,

Thickness.—-- The thickness of the St. Joe averages
about 30 to 40 feet in southwest Missouri, In the
northwest corner of McDonald County the St. Joe is

30 feet thick. It 1is 37 feet thick at Noel, 30 feet
between Pineville and Cyclone inlcentral McDonald
County, 37 feet at Powell in eastern McDonald County
near the McDonald-Barry County line, 35 feet at

Cove;, -and 45 feet in Roaring Biver State Park south-
west of Cassville.

Topographj.—- The St. Joe limestone characteristically

stands out as low, almost vertical bluffs along the
walls of strgam valleys., The bluffs are normally
underlaliln by gentle slopes formed on the Chattanooga
shale. Many times the St. Joe displays two sets of

vertical Jjoints at almost right angles to one another.
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Jointing produces the vertical bluffs and a jagged
pattern of bluff faces. In many places large "float
blocks®™ of St. Joe, formed by undermining of the
Chattanoogae shale, may be seen below on the Chattanooga
slope.

In the vicinity of Noel;.Mchnald County,
Missouri, large averhanging 8t. Joe bluffs form a
very attractlve scene. 1In this same locality a
small two inch shale bed commonly forms a pronounced
re-entrant between lower and upper limestone bluffs,

Bioherms found in the St. Joe weather out as
large rounded massive lenticular bodies of limestone,
reminiscent of an igneous outcrop. They usually
project out from limestone bluffs or appear as huge
rounded massive boulders from which the enclosing
sediments have been removed by erosion leaving these
more resistant bodies behind. |

" The Reeds Spring normally does not form vertical
faces but rather rounded gentler slopes covered with

chert fragments,

ILithic Character.-- The St. Joe formation consists
primarily of thin-bedded crinoidal iimestones; scattered
thin shales and shale partings.

West of Roaring River State Park in western
Barry County and throughout McDonald Couﬁty in
Missouri; as well as in western Benton County in

Arkansas; the St. Joe generally consilsts of three and
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perhaps four distinct lithologic units. These are a
basal green shale which is questionable as to whether
it belongs to the Chattanooga or St. Joe, a gray
limestone unit, a thin green calcareous shale, and an
upper section of gray limestone.

East of a line running ffom Roaring River
Park through Rogers, Arkansas, the St. Joe differs
from the above descriptlion by éontaining red limestone.
The géneral sequence 1is a lower gray limestone with
overiylng beds of altermating red and gray limestones.
In certain localities thin gray, green, and red shales
may be present.

The limestones of this formation are crinoidal
Wwith crinoid fragments usuwally of medium to coarse
sand-size., Microspar is the mailn matrix component.
The beds are commonly two inches to one foot thick
with wavy bedding planes.

Shale is present as partings within the lime-
stone strata and as thin beds, The presence of this
constituent indicates a quief depositiqnal environment,

Chert is mnot entirelj absent from the St. Joe
though it is not abundant. The‘comﬁon‘occurrence is
as scattered brown; tan; red or blue nodules. The
most frequent type is the brown variety which may be
present - locally at the BReeds Spring contact.

Bloherms occuring in the St. Joe in southwest

Missourl. and northwest Arkansas appear typically as
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massive lenses of microspar flanked and enclosed by
thin-bedded crinoidal limestones. In almost all
instances development began in the lower gray crinoidal
limestone unit and continued into the overlying

limestone strata,

Stratigraphic Belations.-- The St. Joe formation as
previously stated rests on either. the Chattanooga
shale, Sylamore.sandstone; Jefferson City-Cotter or
other units of Ordovician age.i It is found below
thin-bedded crinoidal limestone and blue  -to black
cherts of the Reeds Spring formation. When resting
on ‘the Jefferson City—Cotter or Sylamore sandstone
there is, without question, an unconformity between
the units, but when resting upon the Chattanooga the
presence or absence of an unconformity is uncertain.
Relations between the St. Joe and Reeds Spring are
also a matter of question; however, it appears that
at least in certain localities the St. Jbe—ReedS
Spring relations are conformable and transitiomal.

Age and Correlation.-- The age of the St. Joe is at

present a matter of question.. Beveridge and Clark (1952)
regarded.the lower part of the St. Joe Kinderhookian,
and the upper portion Osaglan, A. C. Spreng of the
School of Mines is, at present, engaged in a study

of fosslils collected from the St. Joe, but this
Ainvestigation has not as yet been completed for more

collection and study are needed.



Reeds ngiﬁg Fofméfidﬁ;

Above the limestones of the St. Joe formation lie
the crinoidal limestone and blue to black cherts of the
Reeds Spring formation.

The limestones are characteristically light to medium.
gray: containing crinoid fragments diéposed in a matrix of
microspar and subordinate:  shale. occurring mainly as partings.

Blue to black chert is present throughout the forma-
tion. It typically occurs both as beds which alternate with
limestone and as scattered nodules. The difference in color
between the chert and limestone produces a mottled appearance
on bluffs of Beeds Spring which set it apart from the St. Joe.

According to Harbaugh (1957) the Reeds Spring varies
from 75 to 150 feet 1n th&ckness in northeast Oklahoma.
Branson (1944) liéts a section 131 feet thick in Barry County;
Missouri. |

_ STRUCTURE

The structure of the Ozark Region is relatively
simple; The gemneral setup is a large asymmetric domé whose
structural center is the St,.Francois Mountains of southeastern
Missouri; These mountéins consistiof a nucleus of Prgcémbfian
igneous rocks from which early Paleozoic étrata dip-radially
away; hencersucdessively younger rocks are encountered in all
directions away from the-moﬁntains. Dips are greater on the
east and south than on the west and north. Over much of the
dome surface 1in south éentral Missouyi; as well as in the

southwest part of the state, inelination of the strata is
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very slight; commoﬁly less than one degree and in places the
beds are actually horizontal. However; the regional dip in
the thesis area is to the south or southwest at angles on
the order of one to two degrees.,. In the Boston Mountains
the dip increases to values on the order of five degrees as
the strata begln to plunge beneath the Arkansas Valley to
the south.

In both the Salem Plateau and the Springfield Plateau
the régionai dlp 1s frequently altered by local .folds and
minor faulting. Some of the larger folds and faults can be
noted on the geologic maps of Missouri (1939) and Arkansas
(1929), Most of the folds seen in McDonald County, Missouri,
can be accounted for by dips of only one to one-one half
degrees,

Data for some of the structural discussion described
in the chapter on bioherms (see p. 53) was obtained from

Searight, Thiel and Wells (1959).
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INTERBIOHERMAT, LITHOLOGY

GENERAL NOTES

In order to compare the lithologles of the St. Joe
limestone proper and its bilohermal facies; six complete,
representative sections of the St; Joe were measured in
McDonald and Barry Counties; Missouri. Thin sectlons were
analyzed from three of the measured sections; photomicro-
graphs of some of the slides are reproduced in Plate VI.,
Pe. 52. A field description of each section wlll be pre-
sented; then a sﬁmmary of the petrography of that sgction.
will be discussed, followed by a field description and
petrographic summary of the next sectlon.

. SECTION NORTHWEST OF
NOEL, NMCDONALD COUNTY, MISSOURI

. Location
The sectlion is located on the Elk éiVer northwest

of Noel, Missouri, 0.8 mile west of U. S, Highway 71 on a
county road passing along the north edge of the Elk River
floodplain, Specifically, the location is at the point
where the road and the river come.together; S. 1/2, Sw 1/4,
SW 1/4, Sec., 10, T. 21 N., B. 33 w.; bluff tfending west-
northwest by south-southwest; north side of road. '

Description |

Thickness
Reeds Spring formatiom . Feet - Inches

8. Limestone:r Light gray to medium
light grays; very fine grained and
hard; beds three to eighteen



St.
Ve

inches thilck znd contalning
serrated lemnses and nodules of
light gray, blue, and tan chert;
beds fracture unevenly sand are
a darker gray than the under-
lying St. Joe; weathers to
resistant bluff above the

St. Joe limestone,

Joe limestoue

Limestone: Iight gray to medium
light gray when fresh, weathers
yellowish grays; coarsely to very
¢rystalline with finely crystal-
line matrixs crinoid plates and .
colummals up to 5 mm. in length,
very sbundant and much larger in
gsize than those in underlying
unit; large brachiopod shells
present occasionallys fossll
fragments angular and unabraded;
tan shale partings and tan to
light brown nodular chert in
upper four feet; beds up to 1
foot thick with undulatory bed~
ding planes; weathers to slight
re—-entrant between the underlying
limestone unit and the overlyling
Beeds Spring.

Limestone: ILight gray to medium
lightgray on fresh surface,
weathers yellowish gray to dusky
yellow and brownish gray. Lower
part - medium to coarsely crystal-
line calcite grains with finely
crystalline calcite mabrixi
crinold fragments sbundant and
medium-sand sized imparting the
crystalline appearence to the
rock; small widely disseminated
subhedral pyrite grains up to

1 mme in diaméter; small thinly
laminated partings of dusky
yellow shale are scattered
through the rocks; pyrolusite
dendrites present in places;
stylolitic, Upper part - medium
crystalline with finely crystal-
line mabrixs crinoid fragmeunts

not measured
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abundant especlally noticeable

on weathered surfaces; stylolitic;

shale partings less prominent

than in lower portion. This

entire unit weathers to an over-

hanging bluff, with the lower

part less resistant; beds three

inches to oxre foot thick with

undulating bedding planes; under-—

lain by thin calcareous shale. 19 6

Calcareous shale: Greenlsh gray
on fresh surfacej weathers
yellowish gray to dusky yellows
shale thinly laminated with
distinct salt and pepper appearance
under hand lens due to presence

of abundant highly disseminated
pyrite of silt to fine sand sizeg
large euhedral medium sand sized
pyrite grains are scattereds

breaks into small one-inch

piecessy small crinoid fragments

up to 0.5 mm. in length are
scattered through the shale; unit
weathsrs to prominent re-entrant
between overlying and underlying
limestone bluffs. 0 3

Shaley limestone: Limestone

light gray to medium light gray
and olive gray when fresh, weathers
dusky yellows shale pale olive to
yellowish gray and grayish yellow
greens limestone finely crystal-
line with scattered medium
crystalline calcite; shale pre-
sent as scattered paper thin -
partings .and laminaesy rock splits
along shale partings; limestone
beds crinoidal and one inch to

six inches thick with laterally
discontinuous shale beds up to

one #nd one-half inches thicks
weathers to slight re~entrant

above unit 3. . 3 -3

Limestone:r Light gray to light
brownlsh gray and light olive
gray on fresh surface, weathers
graylsh yellow and medium light
gray; beds four inches to one
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foot thick; coarsely crystal-
line calcite with finely
crystalline matrix; crinoid
fragments abundant,; especially

on weathered surfaces; shale,
green gray, present as stringers
and partings, prominent in basal
one foot of unit, decreasing in
amounts at center of unity then
increasing and becoming yellowish
brown in upper part; underlain

by green shale bed, 8 0

Ste Joe (?)
2, Shale: Green and greenish
grays; not as fisslle as under-
lying black shale.
Chattanooga shale -
1l. Shale: Black, flssililej breaks
into hard thin plates; base not
exposed. 14 6
Petrography

_;ntroductdrv Notes.

Petrographic study of thin sections of the Noel
seofion reveals that the limestones consist predominantly
of crinold and bryozoan fragments; comprising about 60 per
cent of the-rock.cemented by.avmatrix of microspar; Up
to 15 per cent clay was noted ‘in thin sections near the
base of unit 3 and within unit 4, The matrix varies in
grain size from approximately three to some Lo microns;
averaglng somewhere in.the neighborhood of 10 to 15 microms.

Rock names héve posed a problem for the writer. In
an sttempt to apply some type of descriptive name to these
rocks many different classification schemes wefe iﬁyestigat-

ed., Common terms such as crinoidalucalcarenite; crinoidal



limestone, fossiliferous fragmental limestone, and semi-
crinoidal limestones have been applied to carbonates such
‘as these in the past. However; there is a serious objection
to such terms. Although these conventlional terms tell us
what the larger sized fraction of the rock is, they do not
convey any ldea as to the compositioﬁ of the matrix. The
best descriptive terms that the writer has found are those
proposed by Folk (1959). Under this classification the
above rocké would be called crinoidal bryozoan bilomlcro-
sparites or microsparry crinoidal bryozoan calcarenitess
the two terms meaning the same thing, the difference being
that the former term 1s an abbreviated manner for describing
the latter. This descriptive classification indicates both
the matrix and grain components and all limestones studied
in this thesls are-classified according to this scheme. ‘
In connection with the usage of the above classifica-~
tion; three types of calcite used in the classification
will have to be clarified., The first is microcrystalline
calcite ooze; of which Folk says; "This type of calcite
forms grains 1 ~-4 microns in diameter; generally subtrans-
-lucent with a falint brownish cast in thin section.“' He
refers to sparry calcite which he maintéins averages 20 to
100 microns in dlameter and is clear and translucent; il.€e.,
not turbid. Another type discussed is that whose grain size
falls between the lower limit of'épar and the upper limit of

microcrystalline ooze; This material ranges from five to
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perhaps 15 microns instead of one to four and is considered
to result from recrystallization of microcrystalline ooze.
Since much of the matrix of the limestones under considera-
tion herein is of five to 15 microns in size, the term
microspar is used.

Petrographylgﬁ Units 3 and 4.

ILimestones below the calcareous shale are microsparry
crinoidal bryozoan calcafenttes. They consist of crinoid
fragments and bryozoan debris disposed in a matrix of micro-
spar usually containing clay, especially near the base of
unit 3, Clay content 1increases near the top of the unit and
is present throughout unit 4. The elongate, cylindrical,
or tabular crinoid debris tends to lie with its long axis
parallel to the planes of stratification although many times
this is not the cése. Crinoidal parts make up 30 to 60
prer cent of the rock and consist of disassociated components
of the stem, calyx and arms, Stem'eleménts (columnals) and
plates (Bréchiél and calyx) are scattered through these
focks; These parts are readily identified from their
characteristic shapes; fine péred.reticulate_structure, and
the fact that skeletal remains are single calcite crystals.

Crinoid plates and colummals are séattered‘rather
uhiformlj through the limestone. They may be arranged in a
mannér in which their_longeSt dimension is oriented elther
parallel to the depositional surface or at some angle to 1it.
Many fragments in such a position appear to "stand on their

ends“; hence indicating that they either fell into the mud
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in such a fashion or were laid down horlzontally and sub~
sequently disrupted by currents; slumping; or scavengers
‘which reworked the sediment. Crinold remains are highly
varliable in size; up to 2 mm, in length; with an average in
the meighborhood of 0,75 to 1,0 mm, The fragments, where
not altered By interstratal solutioning; are highly angular;
unabraded; and have not been éorted, Pregervation 1s
generally poor, 1,e°; the reticulate or honeycombed structure
'1s in a deteriorated conditidn; and in many places sparry
calcite crystals up to 30 microns in diameter have developed
wiﬁhin the fragments due to reorystalliiation, Crinoid
debris is transected in many places by graiﬁs of the matrix
up to 30 and 40 microns in diameter., The peripheries of

the fragments are often corroded and interpenetrated by
matrix grains, ferhaps lack of smooth fragment boundaries
indicate recrystallization; wherein grains of the matrix
have grown in size and penetrated edgeé of the fossils,

.Frequehtly crinoldal remains appear crumbly; aslif
E they Woulq.reaéily disintegrate into- numerous pleces if
éeparatedmfrom the rock and =a number of them display twin-
ning,

Where one crimnold fragment 1s in contact wlth another
thefe may'be‘a.mutual interpenetration of the two, Differential
‘§mﬁssmmamng~and'Bbéﬁ%&en have removed portions of both
:fragments developing a tooth~like 1rregu1ar seam between
them, Thus, fragment and probably tatal rock volume have

been reduced. by this processa
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Bryozoans cbmprise five to 25 per cent of the rock.
They contain tubular and sacklike chambers and do not
develop radiating partitions or transverse walls as do the
'corals; for example, Wall structure appears as a dense
iaminated network of fine threads that lie parallel to the
wall surfaces; Most of the colonies bresent appear to be
the encrusting types such as the fenestrates; the.most
abundant form in these rocks. Another type of bryozoan
not numeroﬁs but noted in many thin sections are rhomboporids.
The colonies are highly clastic with sharp, projeoting; and
unabraded edges. Longer dimensions of the fragments display
an affinity for a position roughly parallel to the bedding
surface, In some thin sections or parts thereof; bryozoans
appear both stratified and disrupted. Average length of the
detritus 1is difficult to determine due to pronounced varia-
bility, but the common range is from 0,35 to 1.5 mm.
Individual aubopores may be filled witﬁ sparry calcite or
-microspar; which generally las a size range from 20 to 30
microns, Wall structure preservation varies from fragment
to fragment with some altered mofe than others; Altered
parts appear less fibroué;and maﬁy~times small anhedral;
equldimensional grains of sparry caloiteiare~present within
the wall. Countacts between bryozoan debris and surrounding
matrix are usually sharper than in the case with crinoid
segments; hence corrosion has not attacked bryozoan remains

as much as crinoid‘parts. This; of courSe; could possibly
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indicate that wall structure of bryozoan fragments is more
resistant to the action of intrastratal solutioning and

‘differential pressure than are crinoid plates and ossilcles.

Brachiopod; mollusk; and ostracod shells comstitute
up to 10 per cent of the rock. The bivalves are present
both as articulated, and disarticulated specimens, Normally
they appear as disarticulated and broken shell debris,
Brachliopod detritus often displays a fibrous wall structure
which is péorly preserved; These fragmenﬁs are normally
0.3 to 0.5 mm. in length, thin, and unabraded.

Several thin sections contain small tubular organisms
with é distinctAbulb on one end, They appear very dark
under uncrossed nicols, are approximately 20 microns in
dlameter and up to Ol mm, in length. Walls consist of
d;scréte granular calclte up to three microns in diameter,

with sparry calcite filling the tubes. The tubular organisms

have a superficial similarity to the alga Girvanélla, but

Girvanella typlcally appears as twisted tubes without a

bulbous end. Because the “"tests™ appear to be constructed

of detrital grains; posséss a bulbous end; lack any twisting

of the “test"™, and have suitable dimmeters and lengths,
these organisms have been tentatively 1dentified as the

foraminifera Hyperammina and Hypermminoides of authors.

Bock matrix is highly variasble in grain size. The
grains usually range from around five micromns up to perhaps

30 microns with the average around seven to 15, Very
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noticeable is the fact that normally the large and small .
grains appear mixed uniformly together, but localized portiqns
" of the rocks may be very uniform in size. These localized
spots may be coarser than average; perhaps 20 microns or so,
or they may be distinctly smaller, averaging less than
10 microns., The grains are usually équidimensional and
anhedral with highly irregular borders; and are tightly
interlocked with pore space absent., Grain boundarles
normally are distinct under a magnification of 75x., This
matrix is generally turbid and subtranslucent with a falnt
brqwnish tint. In mény instances fossil fragment and
matrix grain boundaries are not sharp; rather there 1is an
interpenetration of matrix grains into the organic detritus
and vice versa. The exact boundary between fossil and
matrix is irregular and gradational; often faguely percept-
able.

It is also significant that recfystallized portions
of crinoid piates and ossicles are similar in size, shape;

and general appearance to matrix grains. This similarity

- may afford valuable evidence for recrystailization of - the
‘rock matrix.

Near the base of unit 3; and within unit 4; thin
laminae of arglllaceous material accentuate the bedding
of the rock, ILocally clay may comprise as much as 10 to
15 per cent of the limestone. It is dark brown (ﬁncrossed

nicols)., Close examination reveals that solution has
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progressed along the clay laminas corroding and partially
dissolving crinoidal remains. Perhaps many of these laminae
are original clay layers laid down with the sediment and
are in place, but others may have resulted from redistribu-
tion by solutions, Insoluble residues were prepared from a
number of the samples and examined wlth a petrographic
microscope. The predominating clay mineral present, as
determined by optical means, was 1lllite,

Véry infrequently crinoid fragments have a clear sparxry
fringe. -In places this appears to be the result of addition
of calcite to the fragment by grain growth, but in other
instances the-rims may have resulted from a recrystallization
of the fragment itself because the spar exactly dilineates
the original outline of the fragment.

Small euhedral reddish brown fringed white dolomite
crystals are present in local areas within the rock. These
may be abundant enough locally to constitute five per cent
of the limestone; and are usually up to 30 microns in size
and are seen to lie within fossil fragments, within the rock
matrix, or projecting from matrix into the preserved -animal
remains.

Traces of anhedral pyrite and limonite are present in
scattered places. In some instances these minerals replace
parts of fosslls, and 1n others they form isolated particles
within the calcite matrix,

Examination of the sectiong shows that elongated

fossll fragments are oriented; in general, with the long
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axls parallel orAsubparallel to the bedding surface., However,
in many cases much of the debris is inclinmed obllquely, or
stands in a vertical position with respect to bedding planes.

Petrograbhy_gﬁ_gnité 6 and 7.

Limestones above the green calcareous shale are also
microsparry crinoidal bryozoan calcérenites, that is, they
consist of crinoid and bryozoan fragments with a microspar
matrix, Clay; present at the base of unit 6, gradually
decreases‘in amount upward and is practically non-existent
in the upper beds. Patchy mosaics of clear sparry calcite
are present in the upper half of unit 6.

Crinoid plates and columnals are up to 3 mm, in length,
averaging 0.75 to 1.0 mm, The fragments are sharp, angular,
and have not been segregated according to size, Presence
pf sharp angular fragments; which are not sorted or rounded,
indicate the lack of peesistent current action., Most of
this material displays evidence of oorfésion and recrystal-
lizatlion. BRecrystallized grains are similar in size, shape,
and appearance to those of the rock matrix. Contacts be-
tween crinoid fragments and rook~matrix; between crinoid
_ fragments themselves, and crinoid and bryozoan fragments
may be unaltered or microstylolitic. Iﬁ places the frag-
ments display cleavage fractures; and limonite has replaced
parts of them; although on a very minor scale.,

Bryozoans are numerous; occupying 20 to 25 per cent
of the limestone, Size is variable, up to 5 mm., with

0.5 to 1 mm., most common. The zoaria are broken, unabraded,
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and are mainly fenestrate forms. Fragments usually display
slightly corroded edges and in a few ingtances portions of

" them contaln = few grains of spar developed by recrystal-

lization of wall structure,

Brachiopod; moilusk; and ostrqcod shells are usually-
broken; angular; and up to 2 mm. in length. They comprise,
at most; five per cent of the rock, The shells are very
thin and give the impression that if conditions of wave
and curreﬁt action had been severe and persistant the delicate
fragments would have been destroyed. A few scattered;
articulated brachiopods; up to 0.7 mm, in length are occasion-
ally seen.

The matrix of the rock consists of brown microspar
which is anhedral, equidimensional, and of highly variable
grain size, Microspar is normally six to 15 microns in
diameter; with grains of 30 and 40 microns'numerous,

Commonly; gralns are hard to distinguish; especlally when
of smaller sizes. Scattered patches containing darker
brown and mdre turbidAmicrdspar of smaller size are preseunt.

Matrix grains may project into fossil fragments or fossil

‘peripheries may be smooth; thus nof‘corroded by solution
and recrystallization. ‘

White sparry calclte commonly fills voids within
fossils and is seen 1n small mosaics between fossil fragments.
Where in caﬁtact with crinoid fragments calcite tends teo

underlie the fragment and is in optical continuity with it.
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.Occasionally spar 1ls seen transecting, surrounding, and
obliterating portions of fossils.

Small traces of limonite can be observed within
fossil fragments where it has replaced parts of them. This
material is normally anhedral and patchy in appearance.

Elongated organic fragments ténd to lie in positions
elther parallel to the bedding surface or in variously
inclined positions. In instances the debris will be parallel,
but in others it varieé so much in orientation that the
bedding surface would be extremely difficult to ascertain
by thin section examination alone,

SECTION AT POWELL,
MCDONALD COUNTY, MISSOURI

Location
This section 1is a composite from Bee Bluff 0.8 mile
northwest of Powell, Sec. 16, T. 22 N., R. 30 W.; and along
a bluff on the east side of the road in Bentonville Hollow,
one mile south of Powell, W. 1/2, SW 1/4, Sec. 21, T. 22 N.,
R, 30 W,
Description

Thickness
Beeds Spring limestone : Feet Inches

8. Llmestone: ILight gray to medium -
light gray containing nodules
and lenses of gray and blue chert. mnot measured

St. Joe limestone

7« Llmestone: Yellowish gray to )
grayish olive when fresh, weathers
dusky yellow; coarsely crystalline
with finely crystalline ‘matrix;



Sta
b,

crinoild fragments abundantj

thinly laminated pale olive shale
partings common, especlally at

base of unit; beds two inches

to one foot thick with crenulated
bedding surfacess; styloliticsy
pyrolusite dendrites occasilonally
present; weathers to overhanging

bluff above unit 6. 27

Calcareous shale: Greenlsh gray

when fresh, weathers yellowish

grays thinly laminated; weathers

to pronounced re-entrant between
resistant bluffs ef crinoidal
limestone., 0

Limestone:t Yellowish gray to pale
olive when fresh, weathers yellowlsh
gray and dusky yellow; coarsely
crystalline with finely crystalline
matrix; crinoid fragments common;
papery partings of pale olive
green shale present in places;
disseminated pyrite up to 2 mm.

in diameter and partially altered
to limonite; rock tends to bresgk
along shale partings; beds three

to four inches thick with

crenulated bedding surfacess

weathers to resistant projecting

bluff above black Chattanooga

shale, 9

Joe (?)

Shale: Green; not as fissile
as underlying unit. 0

Chattanooga shale

3.

Shale: Jet black when freshy

highly fisslle breaking into

tough platy chips; weathers to

gentle slope below the St, Joe
limestone, 45

Sylamore sandstone.

24

Sandstone: Fine to medium
grailned; white to light gray
and light browni friable to

11

N



hafd; overlies dolomite. 0 6
Jefferson City-Cotter dolomite
ls. DPolomite not measured
Petrography

Limestones from the Powell section are microsparry
crinoidal bryozoan calcarenites. Fossil detritus constitutes
50 to 70 per cent of ths limestone, microspar 20 to 40 per
cent, spar 5 to 10 per cent, shale up to 5 per oent; and
dolomite 1§ present in scattered places in amounts up to
10 per cent,

Crinoid fragments usually range from 0.4 to L um.
in length averaging perhaps 0.5 mm;; however; much more
finely divided éebris is also present; Plates and oss;cles
are distribﬁted fhroughout the entire section cbmpfising 20
to B0 per cent of these carbonates. Elongated or tabular
detritus 1s not aligned parallelkto the bedding surfaces,
but is disposed at various angles to them; Crinoid parts
are broken, highly angular, and unsbraded, even ﬁhere not
corroded. The preponderance of the fragments shows:signs- .
of recrystallization and pefipheries are serrated in appearance.
.Matrix grains can be observed projlecting into the e@geé of
the debris and not infrequently matrixrffagment boundaries
appear gradational due to partial obliteration of the plates
and ossicles, and inter-penetration of fossils and matrix.
A common feature is bored crinoid parts, the cavities being
filled with 6‘t6 9 micron microspag; Beticulate structure

is practically absent in a few fragmenté; cleavage fractures



as well as polysyhthetic twinning may be developed on some
of the remains., A few widely scattered parts appear to have
suffered little; if any, alteration for they have smooth
uncorroded edges.

Bryozoans, mostly femestrates, average 1 mm. in
length although many smaller bits are also seen. These
organisms constitute from 15 to 40 per cent of the rock,
with highly broken and angular zoaria, Commonly; only
several aufopores; at most, accompany a fragment., Preserva—
tion in places 1s good, in others poor. Fibrous calcilte
wall structure may be partially obliterated owing to recrystal-
lization, wherein 3 to 6 micron microspar has developed
which is similar in texture to the rock matrix., Fragment
edges may appear corroded due to pressure and/or solution.
Orientation is mﬁch more random and unsystematic than with
crinoid parts, for bryozoan parts may lie at any angle to
the bedding surface. |

Broken bits of delicate thin-shelled ostracods and
brachiopods; with a few articulated speclmens and complete
single valves, comprise up to 5 ﬁer cent of the rock.
Orientation of elongated fragmenfs.is random and shell
wall structure has normally suffered some recrystallization,
Iength of the valves and valve fragments ranges up to perhaps

1 mm,

constituting up to 2 per cent of the limestones. They are

dark; composed of discrete calcite grains, are up to 0.25 mm,
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in length and 0.04 mm., in diameter. Orientation is random‘
- and the "tests" are straight tubes with a bulbous end.
Microspar matrix is brown and turbid with grain size
ranging from 3 to 30 microns, Most particles, however, are
less than 10 microns and are seen in amounts ranging from
20 to 40 per cent of the total rock. The grains are anhedral,
equidimensional, and have irregular peripheries. Local
isolated, more turbid spots within the matrix or within
cavities in fossil remains are 1 to 6 microns in size with
grains having shapes as described above., Some of the larger
mafrix particles are ﬁithout question fossil fragments.
Some clay is present which usually occurs as small thin
laminae. It 1is abundant at the base of unit 5, at the top
of unit 6, and in the base of unit 7.
‘ Sparry‘calcite proper is seen in amounts up to 10
rer cent of unit 7. It appears as white equidimensional
anhedral crystals B0 to 80 microns in diameter and is pre-
sent both as veins which cut vertically through the rocks
transecting fossils, or~as patchy mosaics. Where spar
underlies fossil debris directly, it could possibly be due
to void fillings, but where vein-like it may owe its origin
to either filling along burrows; recrystallization or fracture
filling.
Euhedral dolémite crystals, 40 to 75 microns in grain
diameter, are present as traces, but locally comprise up to
10 per cent of the limestone in unit 7. Dolomite rhombs

may be seen within the matrix, within bryozoan autopores, or



within crinoid frégments where they have replaced part of
the fossil, Normally they have a reddish brown crystal
border. The crystals occur most frequently in rocks which
have been altered; as they are usvally seen along zones
where solution has beeﬁ most active.,

Stylolites are rare but when present roughly parallel
bedding surfaces, Crinoid fragments which have been inter-
sected by stylolites appear microstylolitic and dark brown
1nsoﬁble clay material 1s ordinarily present along these
structures.

SECTION IN ROARING RIVER STATE PARK,
BARRY COUNTY, MISSOURI -

Location
The section is located on Missouri Highway 112 along
the line between NE 1/4 and NW 1/4 of NE 1/4, Sec. 34,
T, 22 N., B. 27 W.; on the right side of the road proceeding
south in Roaring River State Park; 6 miles southeast of
Cassvil&e; Barry County; Miésouri,
Description -

. o Thickness
Reeds Spring Feet . Imches

13, Limestone: . Light to medium gray
when freshy,; containing nodules and
interbeds. of gray to blue cherty
limestone, finely crystalline
matrix with grains of coarsely
crystalline calcite; crinoidal. not measured

Reeds Sﬁring‘(?)

12, Limestone: Contalns scattered
nodules of chert and*thin fissile
shales; finely crystalline lime-
stone which is yellowish gray to



St.
lln

10.

9.

pale olive and light gray

with beds three inches to

one foot thick; chert is gray
and blue to black with tan to
red-brown fringes, nodular,

and found mainly in thicker
limestone beds; shale 1s grayish
yellow green and finely
laminated, .

Joe

Limestone:t Yellowish gray to
pale olives finely to coarsely
crystalline in beds two inehes
to one-one half thick with
greenlsh yellow gray shale
parbingss coarsely crystalline
in appearance due to abundance
of crinoid fragments; thin
papery light olive gray shale
laminae and partings; pyrolusilte
dendrites commoni pyrite present;
many times altered to limonlites
overlain by limestone contain-
ing nodules of blue chert.

Shale: Alternmating grayish
yellow green and graylish red;
fissiles; crinoid fragments
present occasionally; weathers
to re-entrant between limestone
ledges.

Limestone: Altermating beds
yellowlsh gray to light olive
gray and graylsh red when fresh,
weathers dusky yellow and reddish
brown; filnely crystalline matrix,
coarsely crystalline grains;g
coarse crystalline appearance
due to presence of crinoid frag-
ments; thinly laminated papery
grayish red and greenish gray
shale partingsi pyrolusite
dendrites conspilcuouss beds
three inches to two feet thick
wilth red beds dominant; over—

- lain by shale unit.

Limestone: Alternating yellow-
ish gray to light gray-and

17

11

45



graylsh red; finely crystal-
line sprinkled with coarsely
crystalline grains; crimoidal;
thinly laminated grayish red
shale partings iu red beds;
pyrolusite dendrites present
occasionally; overlaln by a
darker red and gray limestone,

7. Shaley limestone: Grayish
red and yellowish gray; very
fine-grained; thinly laminated
to laminated; overlain by
alternating beds of red and
gray limestome.

6. Calcareous shales Yellowish
gray and grayisn red; thiualy
laminated; crinoidal; weathers
to thin plates; overlain by
shaley limestones. :

5. Shaley limestone: Yellowish
gray to pale olive and dusky
yellow limestomne with pale olive
papery shale partings; limestone
finely crystalline with scattered
coarse sand sized crinoid
fragments; overlain by calcareous
shale,

L, TLimestone: Light gray to
yellowish gray and light olive
gray when fresh, weathers dusky
yellow; medium to coarsely
crystalline with finely crystal-
line matrix; cirinoid fragments
abundant; thin papery dusky
yellow shale partings commonj
pyrolusite dendrites; beds three
to 18 inches thick.

Chattanooga shale

3. Black shale: Jet black except
for upper inch or so which is
greeni highly fissile, breaking
into thin plates; causes pro-
nounced bench on side of hill.
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Sylamore sandstone
2, Sandstone: White to moderate browng

fine to medium grained with '

secondary overgrowths on many

grains; rounded to well-roundedj;

. indurated, Q 6
Jefferson City-Cotter
l. Dolomite not measured
Petrography

Petrography of Units 4 and 5.

ILimestones found in this unit are microsparry and
sparry crinoidal bryozoan calcarenites.

Crinoid fragments rangeAin amounts from 40 to 75
per cent of the rock with plétes and columnals of variable
slzes distributed evenly through the beds. There is a
definite tendency for the elongated fragments to lie in a
position either.parallel to; or at a slight angle to,
bedding surfaces; however, not infrequently fragments with a
vertical orilentation are seen. Silze is variable from around
0,05 mm. to h_mm; with an average of perhaps 0.5 to 1.0 mm,
This debris is broken; angular; unabraded and lacks sorting.
Preservation 1is usually poor wiﬁh many fragmeﬁts displaying
~highly irregular corroded édges; and when two parts lie in
contact microstylolites have developed.' Reticulaté structﬁﬁe
has often.%imee been destroyed by recrystallization. In
places defached crinoid'parts nave recrystallized to micro-
spar and/or sparry calcite., Some pieces have been perforated
by boring organisms, and the resulting cavities are not

straight, but rather are sinuous., These were later filled
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with calcite mud and spar, and when both are present geopetal
structure is usually displayed., Sparry calcite is present
as rim cement on a few plates and colummals.

Bryozoans; mostly fenestrates, comprise from 10 to
Lo per cent of the limestones. They are highly variable in
size, up to 2 mm, in 1ength; are brdken; and have not been
abraded. Peripheries are often corroded; irregular and lack
preferred orientation. In places the fragments have been
crushed between overlying and underlying crinoid plates or
ossicles., Fibrous wall structure is well preserved in some
fragments; but in others has been obliterated by recrystal-
lization.

Disarticulated and broken bits of thin, and often
recrystallized, brachiopod shells are strewn randomly

through the strata and a trace of Hybérammina and Hypermminoides

is present in a few slides,

Spar and microspar are the mosﬁ abundant matrix
components. They are often transitional one into the other;
however; microspar is dominant in amounts ranging from 10
to 40 per cent of the rock. Spar, on the other hand,
~ranges from 2 to 20 per cenﬁ;

Microspar grains are turbid and brown, 3 to.15 microns
in diameter; anhedral; equidimensional; and irregularly
shaped. In some Instances where microspar surrounds corroded
and poorly preserved crinoid parts the boundaries between

the fossils and matrix are hard to delineate.
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Clear spar; up to 200 microns in diameter, stands
out in marked comtrast to the more turbid and smaller grains.
It is found as a rim cement on crinoid remains, filling in
between fossil fragments, in recrystallizéd patches in
fossils, or as pore fillings in fossils,

Brown clay 1s present és thiﬁ laminations throughout
walt 5.

Petrography of Units 8, 9, and 11.

Liﬁestones of these units are also mainly microsparry
crinoidal bryozoan caloarenites; but sparry crinoidal bryozoan
calcarenites occur not infrequently.

Crinold fragments occupy 30 to 50 per cent of the
rock and appear corroded, unabraded, partially recrystallized;
and are of the same size as the fragﬁents in units 4 and 5,
but differ:in that microstylolites in these upper limestones
are much more numerous and pronounced. Red clay and red
iron oxide are concentrated along the stylolite seams, and
red iron oxide is found in the pores of crinoid fragments
imparting a red éolor to them; Fragments which have undergomne
severe recrystallization may have small spots of red iron
. oxide occurring as patches in the recrystallized apeas.

Bryozoans comprise 10 to 30 per cent of these calcarenites
and are very similar to the bryozoans in units 4 and 5 in
type, size; shape, orientation; color and state of preserva-
tlon as well as fragmented condition.

Broken bits of brachiopod and ostracod shells are

seen in most of the thin sections in amounts up to perhaps



5 per cent of the rock. Preservation is usually poor.

Only a trace of the foraminifera Hyperammina and

H?perammindidés;are seen as noted in the petrography of

units 4 and 5.

Bock matrix 1is somewhat variable although microspar
is by far the most abundant oomponeﬁt. Other constituents
are red clay, especially abundant in the red limestones,
clear spar, and dolomite rnombs. Microspar is similar in
texture to that found in units 4 and 5, but spar is much
more common than in the lower 11mest6nes° Normally spar is
found bemneath fossil fragments which 1is probably an indica-
tion that its presence 1s due to voild fillings. Red clay
is found in amounts up.to perhaps 10 éer cent in the red
limestones where it is found in laminae and cdncentrated
‘along stylolites. Together with red iron oxide it imparts
the grayish fed color to the red beds‘in.ﬁhe sequence.
Dolomite rhombs locally may constitute up to 10 per cent of
the rock, -They are euhedrél; up to 80 microns 1n>size, and
seem-to be more abundant along stylolltes where solutioning

has been more pronounced.,



PIATE IIT, -PHOTOMICROGRAPHS'OF INTERBIOHERMAL STRATA.
(A1l photographs normal to bedding with
top of bed .toward top of page, x 35.)

A, Abundant crinoidal fragments showing
microstylolites., Note reticulate
structure, (Roaring River State
Park Section)

B, Crinoid fragments and fenestrate
bryozoan detritus.. Note random
orientation. (Noel Section)

C. Crinoid and bryozoan remains with
microspar matrix. (Noel Section)
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BIOHERMAT, LITHOLOGIC FACIES
AND ASSOCIATED SEDIMENTS

GENERAIL NOTES

Massive lenses of fine-grained 11mestone; thick with
respect to thelr horizontal dimensions; crop out on top of,
or upon; the flanks of Ordovician sﬁratigraphic'highs in
southwest Missouri aﬁd northwest Arkansas. Exposures eccur
mainly along stream cuts which have dissected the St. Joe
limestone exposing its lowermost beds.

Before beginning a discussion of these features; an
investigation of past usage of the terms reef and bloherm
must be reviewed. According to.Webster's New International
Qictignary; a reef is " ., . . & chain or range of rocks or
ridge of sand lying at or neér the surface of the water,
esp. one where there i1s not more than six‘fathoms at low
water”, In the sense of navigators, reefs are ridges; knolls,
or the like; which rise ﬁo the’su?facé or in enough proximity
.to it to form an obstruction for shipping. In order to
escape many of the restrictions posed_by definitions such as
listed above; Cumings and Shrock (1928) proposed the term
"bioherm®™ from the Greek roots "blog and "herma“; herma
meaning a reef; bank; or mound. Cumings (1932; p.-333)
stated that he and Shrock (1928) ™ . . . proposed the term
bioherm . . « for reef-like, mound~like; 1ens;11ke, or
other.circumscribed structures of strictly.organic ofigin,

embedded in rocks of different lithology™. He further
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discussed coral and algal reefs, algal banks, crinoidal
bioherms, shell banks, etc.; as main types of bioherms and
biostromes. Several of the questions which have been raised
with regard to Cuming's original definition are: whether the
term bioherm refers to the entire body including both the -
core as well as the enclosing strata; and whether the
massive body was formed by organisms having the biologic
potential to erect a wave-resistant structure. Many workers
have proﬁosed to restrict usage to include onlyvtbose
biogeniq structures which have built up into the zone of
wave action forming a rigid wave-resistant body; thus thelr
usagé of the term corresponds closely with the definition

of a reef in the nautical sense. Other authors have not
used the term because of its vagueness. Pray (1958, p. 271)
related "although various authors have . . . attempted to
restrict the usage of 'bioherm' to a narrower semnse, the
main utility of the term appears to be its very few gemetic
restrictions. Often the genetic aspects can only be determined
by thorough study of specific structures and a *'wastebasket'
term serves a useful function®.

The writer heartlily agrees with Pray's obsepvafions
and use of the term in this paper will Be in this unrestricted
sense. The question of whether or not the bioherms were
wave-resistant structures will bedealt with in a succeeding
chapter.

As a matter of convention, then, the term “"bioherm"

will be used for the reef-like, lens-like, or mound-like
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structures of biogenic origin embedded in rocks of different
lithology. As used here ®"core facies"™ or simply-"cﬁre“
willl be conmsidered synonomdus with bioherm. 'Rocks of different
1ithoiogy which are laterally adjacent to the core; but_do
not extend completely over it»ﬁithout pinching out, will be
referred to as the "flank»facies.”. Beds which are in near
proximity to the bioherm; extending completely over it with-
out pinching out; are defined as the “upper‘enciosing beds™.
Correspohdingly, beds laterally adjacent to>i§terbiohermal
sediments which are seen to extend completely under the core
without pinching oﬁt_are called the "lower enclosing beds®.
Léﬁer enclosing beds then are actually the substrata upon
which the bloherm developed. “Interbiohermal facles® 4sc
the bedded or stratifiéd rocks which were deposited essentially
contemporaneousiy with the bioherms; but in areas outslde
‘their influence. | 5

General locations of the biohefms found and visited
in the course of this 1nvesﬁigation are shown on the Bloherm
Location Map (Plate I., p. 9), and detalled locations for
37 bioherm locaiities are listed in the Appendix (see p. 107).
- Sketches of si® biohermal assoclatlons are shown oﬁ Plate ViI.,
Pe 84; photomicrographs of representatiﬁe core thin sectiomns
may be seen on Plate VIII., p. 86, and Plates IV., V., and
VI., pp. 81-83, contain photographs of Preef” exposures and
related sediments. The discussion which follows deals wWith
a number of representative biohe?mg'which serve to 1llustrate

nearly all of the features which have been seen in the area.
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BIOHERMS EXPOSED NEAR PINEVILIE,
MCDONALD COUNTY, MISSOURI

General Notes

Three bloherms are seen to crop out near Pineville,
McDonald County, Missouri, One 1s seen in the NW 1/4,
SW 1/4, NE 1/4, Sec. 34, T. 22 N., R. 32 W., the other two
are found in the NW 1/4, SE 1/4, SE 1/4, Sec. 34, T. 22 N.,
R. 32 W Only the latter two will be‘discussed for they
are a better~examp1é of the lithologic and struetural features
of the cores and related rocks. The outcrop is a south
facing Bluff at the confluénce of the Little Sugar Creek
and an east—-west bluff 1/4 mile north of the settlement
of Havenhurst, McDonald County.

Stratigraphic and
Structural Relatlons

The two biloherms exposed southeast of Pineville and
north of Havenhurst are véry massive and weather resistant
features. Structurally they are locafed on a locai Ordoviclan
high seen on the Geologic Map of Missouri (1939). The base
of the St. Joe 1is well exposed along the high at an approxil-
mate elevatlion of 1000 feet. Tﬁis is considerably higher
than in the vicinlity of Pineville where elevations‘afe
commonly around 700 to 900 feet, If tﬁe St. Joe—~Chattanooga
contact is followed upstream from the Havenhurst location
the St Joe limestone can be seen dipping very gently in
this southéasterly direction; disappearing into the sub-

surface. Flve mlles southwest of Havenhurst at Jane; Missouri,-



the base of the St. Joe 1s again exposed as it rises onto

another high; The very same structural picturé 1s present
both up the Big Sugar River to the northeast and down the

Elk River to the southwest from Pineville.

At the locality in question the top of the Ordovician
Jefferson City-Cotter dolomite is exposed. Several apparent
cryptoéoan algai structures crop out a short dlstance up 4
the sm&ll eastward. trending intermittent stream which inter-
sects the Little Sugar at its confluence with bluff under
conslderation. The Syleamore sandstone i1s also present up
the same stream and 1s 1-1/2 inches thick. The Chattanooga
black shale 1s 38 feet thick and overlain by 13 inches of
light>green to dusky yellow shale., The contact of thé St.. Joe
limestone wlith the underlyihg green shale is sharp.

Two massive bioherms 6rop out in the south facing
bluff over a horizontal distence of 550 féet. They will
be referred to as the eastern and western bloherms; both
weather into massive featureless gray bodies having much -
the appearance of a resistant igneous outcrop, Huge_bpuldefs-
~of core material up to 20 feet in diémeter.have been;weather-
ed out and tumbled down into the stream. ‘

The westernfcore is eXposed,for.a lateral distance
of 15‘0 feet and is 23 feet thicl{.in ,vi'ts thickest portion
near the western margin, Theiﬁbay tapefs laterally toward
its periphery'where_1£';nterﬁ6ngues with the enciosing_
sediments,. "

Another bioherm 1s present 100 feet to the east of



the feature described above., Because of the lack of out—
crops between the two biloherms it 1is 1mpos$ib1e té éetermine
whether the eastern core is a separate body or anofher
lateral manifestation of the same lithosome. From a studj
of the “reefs"™ over the entire region there is reason to
bélieve that they are not necessarily circular in shape,
but may be of varlious and sundry shapes such as elongated;
elllpsoldal, discold, or consist of a central mass with
tongues projecting in varilous directions, etc. This being
the case, these outcrops may be eof two separate biohermé
or lenses of the same body. For sake of dlscusslon, it 1s
treated as two bloherms.

The eastern core is 300 feet in length and a maximum
of 27 feet thick near the center of the structure, It
_1ntertongues with the enclosing limestones,

The "reefR+swbstratum consists of thin bedded crinoidal
limestones averaging 6 feet in thickness. The bottoms, as \
well as the'tops, of cores are convex and the substrata are
depressed beneath the thickest portion of the biloherms.

The western core 1is flaﬁked by and intertongued with
predominantly crinoidal limestones. These_iiﬁestqneé are
bedded and conglomeratic; containing in places rounded
ﬁebbles of core material up to several inches in diameter.
The conglomerates are mbre abundant immediately adjacent to
the structure. decreasing rapidly westward away from 1t;
giving way .to thin-bedded crinoidgl strata typlcal of the

interblohermal faclies., The conglomerates have evidently
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been derived ffom parts of the core and dumped off on the
.flanks..

Bedded crinoidal limestones and conglomeratic lime-
stones lap agailnst the cores both on the east and west,
giving way to calearenites which continue across the structures
with constant thicknesses, Flanking and upper enciosing
beds described above are arched end dip as much as 20° away;.
both to the east and west. The lateral change in dip 1s
grédual‘and close examination shows that the beds also dlp
northward into the bluff as well as to the east and west.
This indicates that prior to erosion beds dipped quaquaversally
away from the structures. ‘

Considering the stratigraphic position of the “reefs®
with respect to the normel St. Joe interblohermal limestones,
~ whose 1lithlc characters were discussed 1In the preceeding
chapter;~the base of the cores north'of Havenhurst are
approximately 6 feet above the base of the formation., The
thin greenAshale zone whose stratigraphic position is roughly
9 feet above the St., Joe base is absent but can be seen
pinching out several hundred ygrds'west of the western core.
Thus biohermal growth began during the deposition‘of the
lower St. Joe limestone beds and was aﬁle to prevent the
development of the thin shale unit within and in near
proximity to the biloherms by growing at a faster rate than
shale accumulation forcrpg terrigenous-depositidn to pinch

out on the far flanks of the “reef"” deposits,



Petrography of the Core Facles

Bioherms examined in southwest Missouri are extremely
uniform in lithology; the only notable differences are a
slight varlation in the pefcentages of the rock coustituents.
This being the case, the Pineville “reefs® were chosen for a
thorough petrographic study. A total of 42 thin sections
were cut from Pineville -bioherms and theilr éséociated
sediments., As for the core faciés; thiﬁ.sections were
taken béth parallel aud perpendicular to the bedding surfaces, -
A detalled resume of the lithologilc features of the Pineville
bioherms will be presented and a more general summary of
features seen 1n.the other structures willl be described under
Vthe separate bloherm headingsoi |

‘On the pﬁtcroP the cores appear to consist predominantly
of light olive gray to light gray very fine-grained calcite
(microspar) when fresh; weathering to yeilowish gray and
palé olive, Under close examination fine hair—like 1rregu1ér
veins of spérry calcité can be seen, especially on fresh
surfaces, Stylolites may be lqcally‘abundant; élong which
yellowish brown argillaceous material 1s concentrated.

Larger patchy mosaics of spar are locally preaent,as.well_
as small spar patches which ﬁsually are erinoid remains.

The cores are mainly bryozosn m;érOSpafites,‘ Thin
sectlons usually contain 8 to 15 or perhaps 20 per cent
fossils; 5 per oénﬁ sparry~caloité and bétween'Bb and 90
per cent microspar., Rarely; loca;izedvquartz cQﬁcretions

may be present as well as minor traceé—of pyrite, limonite;



and afgillacesus material,

' Crinoid debris, bryoioans; oStraoods;-and bradﬁiopods
are the most abundant organisms seen 1n this limestone.
Fossils 2float® in the micrOSpar matrix and are reminiscent
of raisins in raisin bread, i.e.;'ﬁhey-do not form a rigid-
framework ss found in limesﬁones in which environﬁental
energy has been gfeat enoﬁgh to winnow-out or’prévent
deposition of the finer gréined sediments leaving only the
larger fossll fragments behind to be subsequently cemented
wWith sparry calcité. 4

‘Disassoclated parts of crinoid‘skelstons‘are,distributed
randomly through the,rock with lsck of pseférred orientation
as there 1s no systematic srrsngement of_longef dimeﬁsions-
of the fragmemts. These parts comprise up to 5 per cent of
the core, Columnals and plates are variable in lsngth; up
to 3 mm, However;'the greater abundancé of them range
between 0.4 and 0.8_mm,‘ Several remarkable chsrscteristics
of these coﬁstituents are lack of abrasion; lack_of_sorting
and excellent preservation. - Regardipggiack of abras¢§n>the
-original outline of manysplatesAars‘present. Reticulate
_strueture is wéll—preserved and ﬁhéretis a notablefaﬁseﬁce
of_reorYStaliizat;on on the seale it iS'séén»in the~1nter-
blohermal limestones,> Under careful. examination, grains of
microsPar can be seen. projecting into many fragments on
their fringes. This feature .is especially-noticeable.when
viewed with crossed,ﬁiédls for when tbssstagsfis rotated-

until the crineid»pértlhas reabhedféitinction;'aryerysthin:



microspar border can be seen surrounding the fossil,  In—
-deed this may represent very slight recrystaiiization. In
a few widely scattered places parts of crinoid remalns as
well as other fossil fragments have been transected by velns
and patches of sparry calcite., In other spots spar can be
observed in optical continﬁity with the fragﬁents; but this
development is mnoted rarely; -Fragments; when in contact
with one another; usually do not show microstylollitic seams
as commonly seen in some of the 1nterbiohermél deposits.
BrokenAbyrozoan zoarla are rather evenly spread
through these cores-constituting up to 15 per cent of the
rock but averaging around 5 per cent, Several assorted
kinds of these anlmals are present; most of them encrusting
forms with fenestrates most prominent, The individual frag-
ments are usually elongated showing no pattern of arrange-
ment; but giving the impresslon that .they fell into a soft
lime mud in a haphazard fashlon, remaining in the random
positions as mud aocumulafed and finally buried them. _
Iength of this debris varies from less than .02 mm. up to
4 or 5 mm., however, most of it is onm the order of 0.2 to
1 mm, Preservation of wall structure is good except in a
few scattered places, Where.veins or patcﬁy mosaics of
sparry calcite intersect bryozoan remains they may surround
anq/or obliterate a portion of the fragment; Autopores
are usuall& filled with microspar but 15 to 200 micron
spar occurs not 1nfrequently; One important feature not to

be overlooked is the fact that the zoaria have suffered vexry
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litfle; if any; abrasion for they characteristically display
- thin delicate projeétioﬁs which most certainly ﬁould have
been broken off had current action rolled thé fragments back
and forth over the bottom..

BfachioPO&s and ostracods collectively may represent
up to 2 per cent of this carbonaté. They occur as articulated;
disarticulated; complete single valves and broken shell
fragments; The remains are scattered but striking in
appearaﬁce for they are thin shelled ahd well preserved. It
1s readily apparent that depositlional dlagemetic or other
conditions have not been too severe for the thin ostracod
shells of hair—-like thickness are éfill preserved. Some of
the brachlopod shells have recrystallized to spar while
others display original fibrous calcite. Orientation of
the remalns ié noteworthy for they; too; have fallen into
the soft mud in a random manner., Sigglejvalves follow this
same pattern. Valves are usually:filled with both microspar
and spar; in places microspar 1is seen beneath oleér sparry
calcite and the line of Junction between thé two was the
deposltional surface. This stfucturé was produced by a
partial filling of the shell during deposition with the
remaining volds being.later filled‘with Spar; From this
relationship the top of the bed can be:distinguished from
the bottom; and the structures are thus geopetals in a true
sense of the word, '

Thin linear splcullite-like streaks of sparry calcite
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are occasionaliy present. They may be up to 0.5 mms in 1ength;
.and 15 microns thick, These structures, together with
unidentifiable shell fragments too small and fragmentary to
allow positive identification; are present as mere traces in
the rock, . | _

| The matrix of this rock is-largely microspar whose
texture is vefy uniform. As previocusly mentiened; fossil
fragments float in this matrix. The general matrix appearance
is turbid end greexnish brown, Graein slize 1s most commonly
3 to 6 microne with & few grains up to 15 or 20, Grain
shape 1s snhedral with individual particles tightly inter-—
locked., The prartliecles are equant and display.no laminatlions
or suggestions of such. As mentioned above; where-miorospar
is in contact with some crinold fragments 1t mpy show a
slight interpenetration With‘the fragments. = Slight variations
in grain size are often apparent wherein-circﬁlar areas in
which the matrix is very fine-graine&-appear darker and are
Surrounded.by aureoles of slightly coarser; hence more
transparent micrOSpar; .

In some places part of‘the rock has been.recrysﬁallized
to spar leaving small patches of microspar behind,sﬁrroundéd
entirely_by'spaf;< Two other types of feins and patchy
mosaiés of gsparry calclte oceﬁr at random through the sectlons.
One type 1s related te the feature deseribed abové wherein
pétchy mosaics of -coarse spar eut through the rdcks; inter;
secting fosslls which they may partially dbllteréﬁe or

surround; in this case the grain'size'of the épér is highly
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variable (0.3 to 4 mm.); hence the texture 1s heterogeneous.
_The other type is one in which the mosaic has a straight-

base and a very irregular upper surface. Below the mosaic
the microspar 1s of a slightly larger grain size than 1is
normal, This mosalc type infallibly allows one to distingulsh
top and bottom of the~bed; hence it is a geopetal. Beslde

the occurrences of sparAaé described above; it also occurs

as fillings within cavitlies in fossils,

Stylolites are nof too numerous but are present
nevertheless.  Along these structures clay or other argillaceous
material as well as simple volds and spar may be seen. The
only notable presence of clay that can be readily detected
is that found along the stylolites.

Listed below 1s a chemlcal analysis of a composite
sample taken from the westerm bioherm, (Analysis provided
by the Missouri Portland Cement Company, St. Louis, Missouri,)
4,60 %

FQ 0 0.56 %
A1é03 1.07 %
CaO 92,83 %

Sio

MgO __1.01 %
Total:1100,07 %
Ignition loss —~ 42.29 %
Petrography of the Substrata
These rocks show regular bedding and afe microsparry
bryozoan crinoidal calcarenites., They éonsist_of about 60

per cent fossil debris; 35 per cent_mierospar and up to
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5 per cent sparry calcite. The only notable difference
" between these beds and the bilohermal strata is that ostracods
and brachiopods remain better preserved in the substrata.
The presence of well preserved ostracod and brachilopod shells
is perhaps an indication that "reef®™ growth was iniltiated
rather soon after depositlion of these beds which prevented
scavenging organisms from disturbing these sediments to the
extent that they were able to rework the interblohermal
limestones. That these sediments were partially disrupted
by scavengers cannot be denied for there i1s no parallelism
qf longer dimensions of fossll debris which would normally
be expected, however, the presence of many preserved ostracod
and brachliopod shells argues for only minor reworking.
Crinold fragments comprise up to 10 per cent of the
rock. They are varlable 1n length, up to 3 mm. as a maximum.
They are more commonly around 0.5 mm. but have not been
sorted by current action. There 1s a definite lack of
abrasion for colummals and plates are highly angular and
some of the pleces display sinuocus cavitiles filled with
microspar. The fragments were apparently bored by organisms
and later fllled with mud. Some of the pileces are partlally
recrystallized to sparry calcite, but this is not common.
Bryozoan zoaria are highly broken and fragmentary,
constituting up to 40 per cent of these carbonates. Most
of them are femestrates although other types are present.
Size 1s extremely heterogeneous w}th 2 mm. as a maxlimum.

Many of the fragments are merely broken hash. Agailn,



current action;was not severe for there 1s a lack of abrasion
of the particles. Preservation is fair with the fibrous.
wall structure in places undistrubed, but in others it has
been partially recrystallized to 15 to 30 micron spar.
Autopores are normally filled witp microspar, ‘

4 Brachiopod; ostracod; and ﬁollusk (?) shells may be
abundant enough to make‘up 5 pexr cent of the limeetdnes.
They are up to 2 mm. in size with both articulated and
disartiéulated shells present. Preservation is varilable,
with the wall structure usually showiﬁg signs of recrystal-
lization. 4

A trace of Hyperammina and Hypermminoldes of authors

is present. They are up-to 90,5 mm. in length and 0.1 mm.
in dlameter, ‘

Rock matrix is dominated by 3 to 15 micron microspar
with the grains averaging perhaps 6 micrbns. It 1s greenish
brown, dark and fills in around and within fossil detritus.

Localized velns and pétchy mosaics of clear sparrf
calcite are up to 5 per cent in amount., In places 1t has
replaced parts of fossll fragments. A few scattered circular
mosalcs of spar are seen which possibly represent.fillings
of volds 1n the sedliment, When filllﬁg ostracod and brachlopod
sheiis spar normally shows geopetal structure.

Petrography of the Bioherm Flanking
and Upper Enclosing Beds

As with the %“reef® substrata flank'and upper enclosing

beds are mainly microsparry crinoidal bryozoan calcarenites.



Limestone conglomerates with pebbles of core material grade
laterally Into these calcarenites away from the core; as was
deécribed above, _

Since the flanking beds are identical wilth inter-
biohermal limestones as described in the sections at Powell
and northwest of Noel, they will not be described here.
However, the upper enclosing beds differ somewhat and will
be dlscussed,

Beds whieh overlie the core are highiy crinoidal;
consisting of 80 to 90 per cent fossil debris;~with.the rest
varlable amounts of microspar and sparry calcite., They are
poorly sorted with the components angular and displayling no
evidence for abrasion, There is a tendency for the'elongated
fragments to lie with thelr longest dimensions parallel to
the bedding surfaces,

Crinoid fragments may constitute ﬁp to 60 per cent
of the rock with broken bryozoan zoaria as abundant as 30
per cent, The fragments are commonly up to 5 mm. in length,
averaging around 1 to 1.5 mm, Sparry calclte 1s much more
sbundant here than in interbiohermai beds which suggests
that much of the finér matrix was winnowed 6ut alloﬁing
the spar to crystallize as vold filliﬁg; 'Theée rocks are
‘also characterized by microstylelitic particle boundaries
which evidently owe thelr origin to differentiaml solutiom
and pressure. '

The conclusion; fhen; 1s that winnowing action and

differentiaml solution and pressure ha#e been important for
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they were able.to remove the fiuer matrix; coneentrating.
the fossil debris.

BIOHERMS EXPOSED IN THE VICINITY OF
ELKHURST, MCDONALD COUNTY, MISSOURI

Location
. Several biloherms are exposged northwest of Noel,.'
Missouriy in g bluff on the east side of- the Elk Rlver;
1.7 miles west of U. S. Highway 71 tn SW 1/4, NE 1/k4,
Sece 95 To 21 Ney Be 33 We

Stratigraphic and
Struetural Relations

One large eléngated Breef® and several smaller in
size are along the road as described above. They are
massive lense—like bodies exposed by road comsbtruction,
permitbting one to examine a‘largely unweathered outcrop.

The structural position is on the periphery of a local
stratigraphlic high whose upper surface is perhaps 100 feet
higher in elevabtion than points radially away fromvthe center
of the high., Neither thé base of the St. Joe mor the base

of the 1arger bloherms 18 exPosed but when flank béds are
traced laterally it can be ascertained that development
began in the limestone beds below the thin olive'sﬁale

unlt that is so persistent 4n the aves end continued through
the shale into the upper St Joe limestone beds. _

The largest bidherm is expeosed for=a lateral distance
of 187 feéet, although all of it is not revealed. It is up
to 10 feet thick with a lenticu}ar shape.

From the south the main Yreef® rises from beneath
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the road and pfojects up over a sequence of very fine-gralned,
. slabby limestones with shale partings; It can be traced
northward wheré it lenses out within the same slabby lime-
stones, Near the center of the mass a small stream has

been able to cutApartially through the core exposing the.
mid-portion, .

Another type of lithology can be observed laterally
adjacent to and locally beneath the bioherm. These limestones
are-plafy wlth rounded to angular corners and were evidently
swept off the bioherms by wave or current action and dumped
in quiet waters on the flanks.

The platy limestone substrata are not to be confused
with slabby beds Just described because they are not of the
same lithology or texture,

Regular bedded St. Joe limestone laps agaiﬁst the
limestones Just described., These beds; by successive over-—.
lap of omne another; were flnally able to extend in an un-
interruptea fashlon across the complex. Dips of the flanking
and upper enclosing beds are up to 5°, On the south sidé
of the exposure the core can be seen intertonguing with
the flanking beds. - _ .

If the flanking -and upper enclééing beds are followed
in a southeasterly direction along the road the thin persistant
shale unit of the St., Joe can be seen thinning out toward,
~and becomling abSent; several hundred yaxrds away:from.the Rreef®,

Northward; about 20 yards from the large core previously
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described, some 3 to 4 feet of a small lenticular bloherm

is exposed. This body 1s perhaps 10 to 20 feet long, grading
laterally into bedded erinoildal limestome. It has a fine-
grained matrix but is more crinoidal than the large body
described above. Limestones overlying thls small core are
high crinoidal; too. i

Other smaller cores; some of them only a foot or so
in thlckness and several feet long; are seen.

Petrography of the Ceore Faciles

Core facles of the larger biocherms are fossiliferous
‘microsparites; They consist of 5 to 25 per cent fossil
debris, 2 to 5 per cent sPar; and 70 to 90 per cent micro-
spar. Occaslonally traces of limonlte and pyrite are seen;
On the outcrop these limestones appear as a very fine—grained;
dense, structureless mass with oceaslonal fossil fragments;
spar lenses and velns, Fossil debris shbws no systematic
arrangement and has not been sorted or abraded by current
‘action,. '

Bryozoan zoaria; most of them-fenestrates; are broken
and fairly well preserved; The constitute up to 15 per cent
of the ocore gnd are of variable'sizgs;‘commonly up fo 1.5 mm,
in length,' Autopores are filled with.both spar and micro-
spar. |

€rinoid plates and colﬁmnals are well preserved;
cénétituting 7 per cent of the rock. They are angular &nd
unabraded; ranging up to 2.5 mm, . in length.

Impressive components; though éomprising only a trace
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of the total limestone; are brachlopod and ostracod remgins.
They are thrn~shelled’énd‘delicate but nonetheless occur as
bothAarticulated; disarticﬁlated; complete valves and broken
shell debris, Articulated spécimens may be up to 3 mm. in
length and show geopetal structure with mierospar below and
clear spar abové. - Shell walls héve commonly been recrystal-
lized to spar. A

| Small; thin~shelled gastropods have also been noted
but only in very minor amounts.

The predominant rock component is microspar of 3 to
10 microns in particle dlameter. It -is dark greenlsh brown and
anhedral with individual particles.equant; Irregular streaks
and patches of the microspar may be seen which are lighter
colored and &lightly coarser in graln size, These spots
mﬁy simply bé areas in which the matrix has recrystallized
to a greater degree than normal.

Spar 1s seen filling volds 1ﬁ fossils; in recrystal-
lized shell walls and in velns and patchy mosailcs which”are
very irregular in distribution, »Geopetal spar mosalcs are
found in these thin sections.- Not unlike those described in
the Plneville "reefs® these structures: characteristically
display a straight base which is soméwhat transifional to
underlying microspar, The upper surface; however; is very
irregular but underlying the spar-microspar boundary 1s
sharp and mot gfadational°

Stylolites are not unéommon and usually show voids;

sparry calcite; or argillaceoﬁs material along theilr surfaces.
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Argilléceous material when present occurs deséimenated
through the limestone or concentrated along stylolites;

Pyrite 1s rarely present, but that which is, 1is
normally subhedral to enhedrai° Limonite is observed as
pseudomorphs after pyrite. |

Petrography of the Slabby
ILimestones which Underlle the Core

These beds are bryozoan microsparites. They conslist
of 10 to 20 per cent fossilsy, 5 per cemnt spar, and ardund
75 to 85 per~oent microspar, Fossll detritus displays.a
definite tendency to lie wlth its long dlimension parallel
“to the_beddiﬁg surface. The fragments are highly angular,
unabraded; and have mot been sorted as to size.

An examination of animal remalns discloses that
bryozéans are the most abundant organisms. They appear as
fragments; averaging 0,5 to 1 mm, in length, and are well
presexrved., Crinoiﬁ plates'anq columals, the next most
abundant constituents, are also well preserved averaging
around 1 mm. Minor ¢omponents include thin-~shelled and
delicate ostracods and brachidpods;'ﬁany of them articulated.

MierOSpar;.averaging 3 to 10 microms in grain diameter,
1s the domiunant matrix componénf though,ogéasionél lenses
and patchy mosasies of spar are pfesentn Traces of pyrite
and limonite occur disseminated through the matrix°

These rocks- Whieh underlie the core were probably
déposited in quiet:Water which was protected by the growing

bioherm itself, Continued growth of the bioherm eventually
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allowed it to encroach upon the slabby limestones, finally
covering them., )
Petrography of the Flank Faciles

Flank facies; which lap against the core; are crinoidal
bryozoan calcarenlites., Crinoid parts are dominant rock .
constituents and are usually parailel to the bedding planes.

Fossils; dominated by crinold ossicles and plates,
constitute 60 per cent of the limestone with spar ranging
from 10 to 25 per cent, mlcrospar 10 to 25 per cent, with
pyrite, euhedral.dolomite crystals and clay present in only
very minor amounts.

Occaslional lutraclasts of core material are found in
the crinoidal beds,

Spar probably owes its origin to winmmowlng action of
currents which removed the fimer calcite muds, concentrating
the crinoid parts and leaving voids between them. The volds
were later filled with spar. |

BIOHERMS EXPOSED AT
NOEL, MCDONALD COUNTY, MISSOURI

Locatilon
Several large biloherms are exposed in an eldngated
northeast facing bluff on the wést side of the Elk Rlver
at Noel, Missourl, These are immediately'to the north of -
the U, S. Highway 71 Elk River Bridge; NE 1/4, SW 1/4, SW 1/4,
Sec. 14, T, 21 N., B. 33 W.

Structural and
Stratigraphic Relations

The bluff under discussion 1s about 1/2 mile long and
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some 120 feet high. .Along its northwestern extrgmity the_
upper few feet of the Chattanooga shale are expoéed, tégether
with 5 1nghes~of olive green shale at the top of the Chattanooga.
An entire section of St. Joe limestone can be seen together
with a sizeable portion of the Reeds Spring formation. The
St. Joe-Chattanooga contact dips in a southerly directibn and.
1s absent less than 100 yards south.of the reef eXpOosSure..

The above mentioned contact dips away from a stratigraphic
nigh whose greatest elevation is found several miles north

of this locality. The difference in elevation between the
St. Joe-Chattanooga comntact here and on top of the high is
about 80 feet, ‘

The bioherms présent in the bluff are massive lense—
like features which are disposed within bedded crinoldal
limestones (éee Plate VII.; p; 84), As evidenced from an
examination of the outcrop these may be three separate cores
or perhaps one with several fingers.which on outcrop simulate
the appearance of three separate bodies. With the above
thought in mind we will; for purposes ofAdiscussioﬁ only;
conslder the outcrop as consiéting of three bioherms,

Approaching the outcrob from a southeasterly direction»
one resistanf core can be seen rising‘and-thickening from a
position 8 to 10 feet above the base of the St. Joe to
perhaps 20 to 25 feet up into the formation. The maximum
thickness of exposure is 10 to 15 feet. One small tongue
can be seen projecting into the bedded limestone on top of

the body; Another biloherm is exposed a few feet to the east.
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It is 10 to 15 feet thick on its southern side thinmning to

the north, with the base located 6 to 8 feet"abové the base

of the St. Joe. The hbrizontal dimension of combined core
exposures 1s approximately 180 feet. On the northern extremity
of the bluff; some 20 yards mnorth of the core Just described,
another massive and resistant “réef“; about 15 feet thick,

is exposed,

_ On the southern end of the bluff the thin olive green
shale unit is well developeds however, it begimns to thin
gradually toward the bloherms and is absent 75 to 100 yards
south of them.

‘ Limestones below the green.shale contaln lenses of
tan-bordered blue chert., The limestone beds rise up, over-
lap one another and pinch out onto the biocherms. These begs
are truncated by overlying beds as shown in Plate VII.

Beneath; and laterally adjJacent to; the bioherms
rounded nodules of very fine-gralined limestone are present.
Since this material is of identical lithology to the core;
it presumably represents fragments removed from the bioherm
by severe wave actlion and dumbed on the flaﬁks. The presence
of these nodules beneath the core in this outcrop leads to
the concluslon that the cofe was deveioped later than the
body from which the nodules were removed; or represents
continued lateral growth of the same body.

As noted above, bedded crinoidal limestones, by
progressive overlap; are finally able to extend completely
over the "™reefs". These beds dip up to 10° away from the

biloherms. .



The bloherms do not project up into Beeds Spring

1imestone; but are overlaln by the St. Joe.
Petrography of the Core Faciles

The cores are byrozoan microsparites which contalin
10 to 15 per cent fossil remains, 10 per cent spar and 80
per cent microspar, Traces of py}ite end clay are also
present. An eiaminatiqn of the outerop shows that the cores
are typlcally Yéry fine-grained, containing small vein-like
crevices filled with spar. Most of the spar-filled crevices
are probably. Jolnts produced by weathering of the cores,
with spar representing secondary filling. Fossil rémains
~inc1udé bryOZOans; crinoid parts; brachiopods; and ostracods.
Bryozoans, most of them fenestrates; are most abundaht; and
are broken; unabraded, well~preserved; and reveal no preferred
orientation. .Crinoid debris; second only to bryozoans;’
appears broken, angular, and well-preserved. Thin-shelled
and delicate brachlopods and ostracoﬁs are present though
only in minor amounts. Boﬁh articulated and disarticulated
shells are present, .

Rock matrix is composed‘of spar; which occurs in
patchy mosaics, veins, lenses, and within cavities in fossils;
and; the main rock component; microspﬁr;'is very uniform in
texture;-averaging 6 to 9 microns in particle diameter. The
grains are equant;.dark; and tightly interlocked.

Pyrite and limonite ocecur as mere traces with limonite

pseudomorphic after pyrite.
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Petfography of the. Substrata

These beds are crinoidal bryozoan calcarenites consist-
ing of some 60 per cent fossil fragments, 5 per cent sparry
calcite; 30 per cent microspar and traces of anhedral dolomite
crystals, |

Crinold fragments constitﬁfe up to 45 per eent of
the rock. They average 1 mm, or so in length; are angular;
unabraded; unsorted; with most of them corroded by intra-
stratal solutioping. A number of these fragments display
patchy recrjstallizationAto spar and crushing duvue to compaction.
The debris is rather evenly distributed with poor stratifica-
tion.

Other animal remains present include bryozoans, which
are geen In amounts up to 20 per cent of the rock;‘brachiopodégi
and ostracods, Bryozoans oécur as fragmented zoaria while
all that remain of brachiopods and ostracods are.broken bits
of shells. ‘

Spér is seen.mainly as = fillihg'within bryozoan
zoaria and occasionally aé rim cement in optical continulty
around crinoid fragments whereas microspar fills in between
fossll fragments and 1s coarser than the microspar in the
bioherms;'averaging around 10 to 15 microns;f

Small ewhedral dolomlte rhombs up to 30 microns in
diameter are scattered tﬁfoﬁgh theT;ggk; malnly along - zones
in which‘solutioniﬁé has been active, and minor amounts of

clay are also seen seatbered through the limestone.
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BIOHERMS IN THE VICINITY OF
ELK SPRINGS, MCDONALD COUNTY, MISSOURI

Location

Four bioherm assobiations are exposed near Elk Springs,
McDonald County, Missourl., One is located on the east flank
of a neck of the north pfojecfing_finger-like bluff at
NW 1/4, NE 1/4, SW 1/4, Sec. 1, T. 21 N., R. 33 W. The
others are across the river in a bluff on 1its east side at
SE 1/4, NE 1/4, NE 1/4; SE 1/4, NE 1/4, SE 1/4; and W o1/M,
NE 1/4, SE 1/b4, Sec. 1, T. 21 N., R. 33 W.

Structural and
Stratigraphic Relations

As can be noted on the Geologic Map of Missouri
(1939) these ®reefs®™ are located on the periphery of an
~ Ordovician high. Only the bioherm in the NW 1/4, NE 1/4,
SW 1/4%, Sec. 1, T. 21 N., B, 33 W. will be discussed for
it is representative of the entire group.

One large core and several sﬁaller ones are exposed.
The largest is 300 feet long and 30 feet in maximum thickness
while the smallest 1s perhaps 5 feet in maximum thickness
and 10 to 20 feet in length. |

The lens-1like bodiles afe_thickest>near theilr centers,
tapering toward their peripheries. The large “réef" inter-
tongues with enclosing sediments and beds lap against it,
finally comtinuing over the body without truncation; Upper
enclosing. beds as‘well as flanking beds are arched, dipping
away at angles up to 13°,

Below the largest bioherm some 2 feet of regular thin
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bedded crinoidal St, Joe limestone 1s exposed. These beds
sag beneath the centé?idf the body. The base of the St. Joe
liméstone is not"ekposéd though the slope developed below
the outcrop is that*typical of the Chattanooga shale.
Petrogfaphy of the Core Facles

These bloherms comsist of around 10 to 20 per cent
fossils, 10 per cent spar and 70 to. 80 per cent microspar.
Bryqzoan; crinoid; and brachlopod fragments are dispdsed at
random through the limestone showing highly random and
unsystematic arrangementg Bryozoans; the domlinant fossil
components; are mostly fenestrates. They are highly frag-
méntédg angular and well preserved with a variable length
up to 2 mmg’ Crinoeid plates and ossicles are also well
preserved and average.o;S to 1 mm. in iength° Spar 1s found
as filiings ﬁithin fossils;’in patchy mosalcs and veins,
Some of the patchy mosalcs are geopetals which have flat
bottom surfaces and irregular upper.surfaoes. Microspar;
the dominant rock component; is uniform in texture with

the grains equant and averaging 3 to 9 microns in size.
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A. Bioherms exposed north of Havonhurst,

Hoto bedded limmstones lapping against cores. Beds sag beneath "reef™,
and flank beds dip away.

NORTHWEST SOUTHEAST
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B. Biohermal exposure near Elkhurst. Masaive core overlies slabby limestones. Bedded crinoidal limestones lap
agalnst core on southwest and slabby limostones on northwest.
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D. Thin-bedded crinoidal limestones lapping against large biohorm at Elk Springs. Nots two small cores. Top
portion of bluff omitted,
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F. Exposure on Davis Creock 1/4 mile northwost of Yardelle, Arkansas. lote substrata naggbd benoath coros,
Length of outerop 200 feot, Redrawn from Purdue and Miser (1916) with modification. :

PLATE VII. SKETCHES OF REPRESENTATIVE BIOHERMS
- OF SOUTHWEST MISSOURI AND NORTHWEST .
ARKANSAS'. www.manaraa.com



PIATE VIII., PHOTOMICROGRAPHS OF BIOHERMS.
(A1l photographs normal to bedding
with top of bed toward top of
page, X 35.)

A, Microspar with shell debris
and an articulated ostracod
filled with spar. (Noel
Bioherm) . S

B, Microspar matrix with
fenestrate bryozoan fragment
and thin-shelled brachiopod.
Brachiopod filled with
microspar below and spar
above - l1line of Jjunction
of the two is depositional
surface. (Bioherm north of
Havenhurst and southwest of
Pineville)

Ce Fenestrate bryozoan fragments
‘ ®"floating" in microspar
matrix, Note absence of
lamination., (Bioherm east
of Cyclone)
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RESUME OF STRATIGRAPHIC AND LITHOLOGIC
FEATURES OF BIOHERMAL AND

“INTERBIOHERMAL FACIES

-

INTERBIOHERMAL FACIES
Reglional Aspects
The St. Joe formation of extreme southwestern

Missouri and northwestern Arkansas, west of a:line connecting
Roaring River State Park (south of Cassville, Missouri)
and. Rodgers, Arkansas, consists predominantly of gray
limestones with shale partings, and a shale zone 9 to 11

feet above the base of the formation. East of this line
~ alternating red and gray limestone beds, with red shale
partings and scattered thin beds of gray, fed, and green
shale are present.

. Stratigraphic and
Structural Relations

The interbiohermal sediments are characterized by
well bedded limestones, ranging from a few inches to 1 1/2
feet thick. TLocally, séme crosbegding was noted in this
facies. Dips of the strata are normally less tﬁan 1l degree,
but near the "reefs" the dip changes where influenced by
the bioherms and their associated sediments. Locél strati-
graphic highs disguise the regional dip in southwestern
Missouri.

Lithologic Features

Lithologically, the interbiohermal sediments are

composed of a framework of organic debris with a matrix of

microspar. Shale partings and scattered thin shale beds
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are common. Some chert was seen in the section, mainly in
the uppermost beds.

The 1;mestones'are'microsparry crinoidal bryozoan
calcarenites. The dominant fossil constituents are sand-
sized crinoid plates and ossicles and a few»bryozoan remains.
Only very minor amounts of ostracbds, brachiopods, mollusks,
and corals were noted. In very rare instances trilobite
remains were observed. Typically, fossils are fragmental,
angular, and unsorted. Recrystallization of this material
was noted in various degrees in different thin sections,
but rarely are the particles recrystallized beyond recognition.
Identifiable organic constituents are randomly oriented.

Argillaceous material can be seen in most thin ‘
sections. In the field it typically appears as paper thin
laminae and,-in some instances, thin beds. '

BIOHERMAL FACIES AND
ASSOCIATED SEDIMENTS

Stratigraphic and
Structural RBelations

Reconnaissance studies of bioherms in the St. Joe
limestone of southwestern Missouri and northwestern Arkansas
show that their growth began in the 1owér 6 to 10 feet of
the formation, and continued accumulation allowed some of
bhese features to build up into the upper beds of the St. Joe.
No bioherms observed were covered by Reeds Spring strata.

Bioherms in Migsouri flank Ordovician stratigraphic
highs. West of the Eureka Springs Escafpment, basal St. Joe

strata are not exposed between highs. Evidence for the
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restriction of these features to highs is seen in the
Galena Quadrangle (see locality 31, Appendix’. .Accordiﬁg
to Robertson (1960), this bioherm is found in the St. Joe
where the formation is situated on a local stratigfaphic
high. No other bioherms were observed in the quadrangle.
This occurence, then,}offers merger evidence for a defihite
restriction of these features to highs. Other evidence
which supports this conclusion, elsewhere in Missouri, is
the position of bioherms near the apex of highs. On their
fringes, where the St. Jpe base is still observable, bioherms
are seldom, if ever, seen. Thus reconnaisance studies

of the bioherms sﬁrongly suggest that their development was
in local areas of shallower water.

The outline of the "reefs" in plan view is unknown,
but available evidence indicates that a variety of shapes
exist, such as elongate, elliptical, and roughly circular.
Numerous tongues and projections seem to extend irregularly
from the cores.

In contrast to the limited information on shape in
plan view, evidence for vertical prbfile is much more
abundant. The "reefs" range in thickness from peﬁhaps
one foot to 30 feét, the thickest portion usually being in
.the center of the structure. The massive structures taper
toward their edges, where they may interfinger with enclosing

strata.. Normal.range in thickness of the bioherms is 10

to 20 feet.



Iength of the cores is also variable, up to 250 feet.
The longest cores are the thickest. |

Interbiohermal beds undergo changes as they approach
the "reefs". Beds which extend beneath the core show
slight downwarping due to the weight of the overlying body.
Bedded strata also become conglomératic and pinch-out or
thin over the reefs. Upper enclosling beds show dips up to
30° away from the cores, but values of 3° to 5° are more
common. A single persistent shale zone, in McDonald County,
laps against‘the far flanks of the "reef™ flanking beds.

Lithologic Features

The core facles 1s composed primarily of mlcrospar,

6 to 10 microns in particle diameter, the particles display-
ing no evidence of lamination.

Thin sections of these masses show no more than 15
per cent of the rock to consist of recognizable fossil remains.
Skeletal debrilis consists malnly of Broken zoaria of encrust-
ing bryozoans and a few crinoid plates and colummals. Mlnor
numbers of ostracods and brachiopods and traces of mollusks
usually are present. The remarkable characters of the fossil
constituents are their lack of abrasion, lack of sorting,
random orlentation, and good preservation. Bather striking
are the very thin-shelled ostracods and brachlopods which
are most delicately preserved.

Substrata, flanking beds, and upper enclosing beds
differ from the massive cores in consistiﬁg of a sand-sized

framework dominated by fragments of crinolds and bryozoans.



Normally these beds oonsist-of 50 to 75 per cent fossils,

with a microspar matrix which is more variable in texture

than the core.
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THEORIES OF ORIGIN
A number of theories have been proposed to explain

the origin of the Mississippian bioherms in Arkansas and

elsewhere, as well as for similar features in Cambrian and

BEocene strata. Some of these are discussed below.

UNCONFORMITIES CAUSED
BY SUBMARINE EROSION

92

Purdue and Miser (1916) discussed the massive lenses

in the St. Joe formation northwest of Yardelle, Arkansas,
és unconformiﬁies céused by submarine erosion. They
apparently envisioned an accumulation of evenly bedded
calcareous sediments. Post-depositional storm waves (by
implication) were able to disrupt the bottom sediments,
sweeping them locally into small mounds. -

Critical investigation of the cores invariably
shows that they consist mainly of microspar, with only a
minor percentage of organic remains. Sediments forming
the flank facies and upper enclosing-beds are composed of
a framework of organic detritus, mainly crinoid pafts,
with a matrix of microspar. If submarine_erosion was
responsible for(the accunulation of the massive beds then
the sediment heaped into the mounds would consist of at
least as much orgénic detritus as the enclosing bedded
limestones., Wave action strong enough to gather sediment
also would winnow out some of the finer material thus

producing a core containing a gréater concentration of
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detrital organic remains thén the_endlosing sedimentsa
This is not the case, however, for the cores are definitely
deficient in.organic remains when compared to the enolos;ng
bedded limestones. The presence of well preserved and
delicate ostracods ana brachiopods, many of them arﬁiculated,
_ is in itself an argument against violé% disturbance, for
otherwise these shells would have been crushed and broken.
Submarine erosion, therefore, waé not the cause of construction
of the bioherms.
| CRINOIDAL BIOHERMS

Crinoidal bioherms of the Mississippian of Indiansa,
Kentucky, and Tennessee are well documented. Recently
Harbaugh (1957) described oriﬁoidal_bioherms from the St. Joe
formation of northeastern Oklahoma. Laudon (1957, p. 967)
in"discussing the Indiana, Kentucky, and Tennessee ocourrences
wrote that, "They consist of masées-of disarticulated

orinoid skeletal parts . . . /and/the crinoidal accumulation

is in definite beds thgt'intertqngue;with the enclosing
relativelyfunfossilifer;ﬁs ° } ,Nsilﬁyisédimentsﬁo-

Harbaugh (_'1957, P. 2531) repoﬁééa that bioherms 10
to 40 feet thick in the St. Joe formation in-northeast'
Oklahoha consist of "massive lenses of crinoidal limestone
and. flanking thiﬁ-bedded_crinoidal limestones o évo"o He
attributed the origin of the bioherms to the accumulation of
gfégareous crinoids in faydrabié situations. The bioherms
were also considered to be organic reefs because he regarded.

them as wave-resistant structures.
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This theory as an origin for the bioherms in Missouri
and Arkansas is untenable because of the paucity of crinoid
_remains. Normally, except in very 1qcalized pockets, only
5 per cent plates and columnals can be observed in a coré°
If the bioherms resulted from growth_and accumulation of
crinoids in place, copious remains would have been deposited.
Such, however, is not the case., Some other explanation of
these fine-grained structures is required. »

BRYOZCAN BIOHERMS

Pray (1958) discussed fine-grained, relatively un-
fossiliferous bioherms from the Lake Valley formation
(Mississippian) of the Sacramento Mountains of New Mexico.
He described them as being up to 350 feet thick and consist-
ing of dark, méssive "aphanitic" calcite and sparry calcite,
which collectively form two-thirds or more of the core
volume, the remaiﬁder being fiossils, mostly fenestrate:
bryozoans. The cores are said to be flanked by bedded
calcirudites and calcarenites, the méin components of which
are echinoderm remains, with sparry calcite as ceménto

Pray reported bryozoané in amounts rarely exceeding
20 per cent of the core, but maintained that this is a
sufficient quantity to furnish a framework for bioherm
accumulation. He considered the fenestrates acting both
as sediment trap when in grdwth position and as sediment-
retaining mats when fragmented." The action of crinoids
as framebuillders was discounted because they are less

abundant than bryozoans and in places are lacking. Other
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organisms sald to constituté less than one per cent of the
massive cores are braqhiopods,~cephalopods, corals, and
ostracods.

If this mechanism of growtﬁ.and accumulation of
bioherms 1in Miséouri and Arkansas 1sAtenab1e; the presence
of bryozoan fronds intact and in growth position is a
requisiﬁe; Yet an intensive thin section study of the bioherms
over the reglion demonstrates the presence of very few fronds;
only an insignificantAnumber of which in any way approach
growth position. The bryozoan remains are highiy fragmented
and in positions which were determined by chance. The
writer concludes; after examination of thin sections; that
these organisms were broken and dropped into a soft lime
mud; assuming random positions as they filtered down from a
zone of somewhat more turbulent watef into a layer of quiet
water.

One might also argue that encrusting bryozoams, if
they were the responsiblerorgahlsm,'would have to grow to a
sufficient hedght above the bdttom to créate a non-turbulent
zone necessafy to allow fine muds to settle out;‘ Such is
not the case with these  encrusting forms. As bryozoans
lack external mucous to provide the ability to fix sediment
on contact; the rolé bryozoans played in development of
the "reefs® could not have been that of trapping and~b1nding
the carbonate mud, ;

AIGAT. BIOHERMS
Cloud and Barmes (1948; P. 154) describe stromatolitic
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bioherms in the Point Peak shale member of the Wilberns
formation (Upper Cambrian) of central Texas. They reported
them as being 30 to 60 feet thick where exposed along the
Llano River southwest of Mason in Mason County; Texas.
These bodies comsist of Qery fine-grainéd calcite which 1s
well laminated but otherwise structureless.

These structures are thought to have resulted through
the influence of algae; either‘by preCipitation; or beﬁter
yet, through the action of adhesive films or mats of algae
that were able to fix particles on contact.

Bioherms of unquestionable calcareous algal origin
occur in the tropilcal facies of Cenozoic rocké. Examples of
these are the‘Atascadero limesténe of nmorthwestern Peru and
San Educardo limestone of Guayaquil; Ecuado (Frizzell, 1960).
The writer has seen several thin sections of the San Eduardo
limestone.

The Missouri and Arkansas biloherms lack the fine-
lamination characteristic of stromatolitic deposition, thus
this explanation is notrjﬁstified. One might argue- that
recrystallization has destroyed lamination but evidence from
the skeletal remains present in the cores points towérd a
non—-laminated accumulation, Also; though there has been
some recrystallization of the cores, it has not been on a

large enough scale to destroy lamination completely.



ORIGIN OF THE BIOHERMS

None of the theories of bilohermal origin outlined
above provided a sultable explanation for the origin of the
fine-gralned bioherms of Missourifand Arkansas,

On theoretical ground the problem resolved itself to
this: no organism of the biloherm could have trapped the fine
mud of the core, nor were physical explanations adegquate.
Could entrapment by a non-calcareous organism be postulated?
~The exlstence of mnon-calcareous sea-weed 1s well known to
Recent ecologists, and their preferential habitat 1is recognized.
This line of reasoning led to the conclusion that entrapment
by plants3 of which no remmant was preserved, was the
unavoidable explanation.

This interpretation made completely independently
agrees perfectly with Ginsberg and Lowentam's (1958) account
of Florida Bay sedlmentation, Thelr summary (p. 317)
‘expresses rerfectly the situation regarding the Mississlpplan
bloherms: "No fossll analogues of the Recent grass baffles
described here have been reported from the fossll record.

But perhaps some of the rapid local facles changés in ancient
limestones were produced by grass or algal baffles. « «
in order to infer the existence of an organic baffle, one
needs to show selective fixation or the formation of a
protected habitat that could not have been produced by
local variation in physical envifonment.'

FLORIDA BAY STRUCTURES

The following discussion describes the geographic,



sedimentary and bilelogic conditions in Florida Bay in the
hope that it will serve to clarify the conditions of accumu-
lation of bioherms in-the St., Joe formation in Missouri and
Arkansas. The discussion is 1argély a summary from Ginsburg
(1956); Ginsburg and Lowenstam (1958); and Trask (1939).

Florida Bay is an area of quiet, warm, shallow water
with a subtropical climate. The bay is bound on its southern,
easterh; and northeastern borders by the Florida Keys and by
the Florida Peninsula on the horth. The general shape may
be likened to the profile of a ourved'cone; thgt.is;_it_is
very broad on its southwestern fringe; tapering to fhe_north—
east where culminsted by landward projections from Key iargo
to the mainland.

The bay has & solid limestone floor overlain by
numerous calclte mud banks with the floor between bauks
covered by a thin veneer"of shell debris and mud (Trask,
1939, p. 293). Depth range is' 0 to 10 féet with a maximum
local relief of 6 feet; banks, 4 to 8 feet high, form the
only relief, rising.to within 2 feet oFf less of the surface
in most instances (thsburg; 1956; p; 2396). Bank shapes
vary widel&; in the northweséern part pf the bay they appear
as rather broad and elongated bodies with numerous flinger-
like projeotions; to the southeast and northeast thgy are
much narrower and sinuous, again with many finger-like
projectlions.

Circulation is restricted by barriers, the Florida

Peninsula on.the north and the Keys on the eést, permitting
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only limited tidal exchangé. Iarger fluctuations are prbduced
by seasonal changes in ocean level and by winds causling a
change in water level by piling water against the Keys.

Persistent winds of 15 m.p.h. or greater are reported
to cause enough turbulence to render a milky appearance to
the water. Winds of this magnitude prevail for about half
of the year,

Bay sediments have been éxamined as to grain size
and composition. Ginsburg (1956, p. 2422) published sample
analyses showing that about 50 per cent of the mud in the
banks 1s comprised of particles less than 1/16 mm. in
diameter; the remalnder is comprised of sand-sized fragments
of mollusks,rwith only minor amounts of Foraminifera and
ostracods. Algal remains occur as traces. Trask (1939,
Pe 293) reported that the mud partibles show a “median
diameter™ of 5 microns. -

Ginsburg and Lowenstam (1958, p. 313) stated that
the banks are covered everywhére with turtle grass - even
portions exposed durlng periods of 1ow—ﬁater. Grass acts
as a trapplng and binding agent. Dense carpets-extend up
to a foot above the banks, checking the turbulence of the
water, rendering 1t practically motionless, and allowing
fine sedlment to»accumulate. Were it not for the grass
‘baffles flne material would not be deposited. Trapped
sediment finds its way 1n.among-roots; where 1t may remain
without belng subjected to the winmnowing action of waves

or currents. The banks support a fauna dominated by mollusks




with numerous Foraminifera; A few ostracods are present;

In a discussion of habitats which grass baffles may
proﬁide for benthonic organisms Ginsburg and Lowenstam state
that "The erect leaves can supporﬁ numerous epiphytes sic!
such as algae; Foraminifera; bryozoans; etc. which require
surcheé for attachment or food gathering. The baffle also
provides food; protection; and a favorable substratum for
nuﬁerous invertebrates - mollusks; echinoderms, and crustaceans.
Furthermore; the protective grass éarpet can preservebdelicate
.skeletal remains ffom fragmentation by mechanical erosion."

From the apove discussion we can note the geogréphic,
sedimentary; and biologic-conditions which exist in Florida
Bay today. -

INTERBIOHERMAL DEPOSITION

The interbiohermal deposilits consist of thin-bedded
nlimestones'contéining an-abundance of crinoid and bryozoan
remains together with minor occurrences of brachiopods,
corals; mollusks, ostracods, and trilobltes. Shale partings
and thin shale zones, present 1in the liméétones; are important
in environmeﬁtal interpretation. The presence of clay in
the 1ntérbiohermal limestones indicates the lack of strong
or persistent cﬁrrents or a high energy environment; that 18;
one which would héve wimmowed out the fine muds leaving only
the coarser sand-sized fossil detritus béhind.

| Evidence which supports fhe Interpretation above 1is
furnished by fossll debris., Thin section and hand speclimen

studlies demonstrate the lack of abrasion of fossll fragments
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which‘would round the particles. One 1s lmpressed with the
high angularity‘shown ﬁy the fossils.

The general lack of orientation of the larger discold
or tabular organic fragments iﬁ a.layered fashlon i1s evidence
for the existence of scavenging organisms which could work
the bottom over disrupting and mixing the sediments.

éaleite_matrix which fills in between fossil detritus
was evidently dominated by calcium carbonate ooze. The rock
matrix as seen today consists of calcite on the order of
10 to 30 microns in sizes however; isolated patches are
finer—graine&; representing portions of the rock'whibh have
not recrystallized to the same extent. Other evidence for
recrystallization is the highly irregular grain size of the
calcite and the presence of recrystallizéd organic fragments.
Admittedly;.the fragments have not been totally recrystal-
1ized; but-the greater abundance of them éhow some signs
of alteration. Certainly if -the fossil remains have been
altered; it follows that the particles which i1l in between
them also would be affected. -

In certaln places sparry oalcife fills in between
fossil fragments as the cementing material, These occurrences
are seen mainly:in the beds which lap agalnst and extend
over the bioherms. The beds normally contain a greater
abundance of crinoid remains wh;ph were evidently concentrated
by the winnowing action of currents which removed the finer
materials. Iater on sparry calcite filled the voids between

fossils. Additiomnal arguments for this 1nter§retation are
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the presence of intraclasts énd bedded conglomefates.of~core

material which‘signify the pfesence of currents of enough

magnitude and duration to accomplish a washing of the sedlments,
DEPOSITION OF THE EIOHERMS

The bioherms consist of microspar-of a particle size
averaging 6 to 16 microns. These particles show no evidence
for lamination. Thin section studies indicate that there
has been slighthrecrystallization of this limestone. In
some places small patches of calcite of 5 microns and 1essi
are seen ﬁhich appear to be remhanté of much finef‘matrix.
Also, spots of slightly coarser calcite are present as well
as patches of spar.

Spaf patches in some instances represent voids in
the original muds; later filled by crystailiéation of calcite.
Other spar occurrences which are seen to transect fossil
fragments répresent patchy recrystallization of the matrix.
to spar,

Fosslls seen in the cores are recrystallized .to a
lesser extent than those in the interbiohermal strata.
Interblohermal strata have been subjecfed more to the action
of intrastratal éolution and other secondary phenomena which
have resulted 1n a greater degree of recrystallization of
the interbliohermal beds. This conclusion 1s based upon the
more heterogeneous matrix grain size and more advanced
recrystallization of organic detritus‘in the interbiohermal
strata,

Investigations of Recent marine sediments demonstrate
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that the grain slze of calcium carbonate oozes forming today‘
are on the order of 0,003 to 0.005 mm, in particle diameter
(Cloué¢ and Barnes, 1948, p. 83). Some of the patchy oceurrences
of finer calcite in the reef corés are of a grein silze
comparable to this, Perhaps the muds of the blohermal and
interbiohermal beds were of much a simllar graln size and
have subsequently been recrystallized leaving remmants of
the original matrix behind, Origin of the mud 1s uncertailn.
‘Conceivably it was due to chemical and biochemical precipi-
tation as well as attrition and fragmentation of shells of
organlisms,

Bioherm development began in the St. Joe seas after
a few feet of basal strata had been deposited (6 to 10 feet).
They appear to have been associatedAwith local stratigraphic
highs, that 18; conditions for growth and accumulation were
more favorable on the highs,

The seas were warm, shallow and protected from strong
and persistent current action which would have winnowed out
the fine muds from the interblohermal deposits. ADepth is a
matter of speculation - present day mﬁrine grasses and
algae prefer depths of less than 300 feet and are more
prolific at depths of less than 100::feet. Bedded conglomer-
ates assoclated with the "reefs™ are evidence for depths
above the bioherms at a maximum on the order of 30 to 50
feet, Waves and currents would hardly disrupt gediment at depths
greater than these, Interpretations as to depth of the seas

would be enhanced if more were known about the relations
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between the Chattanocoga and St. Joe and the geography of
Chattanooga seas.

Interfingeriﬁg betwéen-ﬁiohermS‘and enclosing strata
indicates thaﬁ_bioherms did.not build up to their maximum
thickness before deposition of flanking strata., They did
project up above the bottom; however; due to selective
action of non—-calcareous plants which trapped sediment,

Dips on bioherm cores are primary. If they were
due to differential compaction the bloherms would be expected
to compact to a greater degree than the bedded crinoldal-
bryozoan strata because of the iack of a supporting structure,
that is, the presence of a framework of organic detritus
in the 1nter510hermai beds 1limits the amount of compaction
they could undergo; while such is not the case with the
cores. The conclusion regarding diﬁs on the enclosing
strata is that they have actually decreased since the time
of deposition due to differential compaction;

The term reef has been variously defined. Geologists
are apt ﬁo classify any localized-thick éarbonate lense a
reef and navigatqrs are prone to consider. as a.réef any
stpucture that presents a hazard for shipping. BRecent marine
ecologists; however; fegard reefs as wave rééistent topo-
graphlc structures consisting of = rigid.entanélement of
calcareous skeletons, Lowenstam.(1950; De 433)‘exprésses
this sentiment when he defines é.reef as " ., . . the pfo&uct
of_the activeiy bullding and sediment binding blotic con~-

stituents; which; because of theilr potential wave resilistance



105

have the abllity to erect rigid, wave-resistant topographic
structures.® The term is herein accepted in this latter
sense, Thls being the case, the biloherms found 1n the St. Joe
limestone of Arkansas and Missourl are not reefs because
they were not comstructed by organisms which were able to
build up into strong burbulent waters, forming wave-resistant
structures.
These structures in the St. Joe should be called
mud banks. They developed in a warm, shallow; protected
' sea where ndnﬁcalcéreous plants grew in localized spots on
the bottom. The plants apparently were a dense growth
with part of them extendling up above the bottom. The dense
carpets were able to curtail the motion of water, allowing
fine sedliment to settle out that would normally be drifted
about over the bottom. Selective entrapment by plant
baffles provided a resting place for the sediment where it
would not be subjected to resuspension by waves or currents.
Portions of the plants which extended above the
bottom afforded a habitat for certalin organisms. Byrozoans
lived on the "“leaves"™ while mollusks, crinoids and brachiopods
dwelled in among plants omn the bottom. Ostracods were also
present in this protected environment, As the organisms
died, the bryozoans accumulated as fragments in the mud
while many articulated specimens of brachiopods and ostracods
were buried by fime muds which were almost continually
filtering down, Evidently most of the plates and colummnals

were separated from the organism upon i1ts death, to be pre-

served as individual fragments rather than whole skeletons.
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CONCILLUSIONS

The St., Joe formation of northwestern Arkansas and
southwestern Missourl contains a number of fine-grained
bioherms up to 30 feet thick and up to 250 feet in length
lacking organisms which could account for thelr development.
Examination of thin seétions shows only minor occurrences
of brydzoan; crinoid; bréchiopod and ostracod remains
diéposed in a watrix of microspar. Sediments which anlose
the bloherms are well-bedded crinoidal limestone containing
.a"matrix of microsﬁar with shale partings; The interbiohermal
strata dip away from the biloherms and flanking beds lap
against them.

Evidence was demonstrated for a selective fixation
of sediment that could not have been produced by local
varliations of the physical environmént. This led to the
conclusion that these features are mﬁd banks formed by plant
baffle entrapment of calcium carbonate ooze. The baffle
afforded a protected habitat for bpyozoans; ostraopds;
crinoids; and brachlopods whi¢h_remain pfeserved in the
cores, The"sediment binding carpets'accumulated‘faster
than the enclosing sedimehts; heﬁce ﬁhey bullt up mound
shaped promlnemses on local stratigraphic highs in the
St, Joe seas, | ' ‘ »

The seas are interpretated as having been.warﬁ;

shallow; and protected from violent wave and current action.



APPENDIX
TABLE OF BIOHERM LOCATIONS
.. ... Topographla , :
State Map General Location Specific Location Bemarks
1, Mo, Noel (15%) NE of Noel NE 1/4;.NEA1/4; NE 1/#; ' Bioherms seen on
S ‘ Sec, 15, To 21 No, opposite walls near
Re 33 We = - ) mouth of NW trending
: hollow emptying into
Elk River,
2, Mo. Noel (15‘) At Noel NE 1/4'“SW_1/M;.SW 1/4; Bioherms crop out in
- Sec, b, T, 21'N,, bluff just morth of
R, 33 W, Elk River Bridge on
‘ U. 8, Highway 71,
3, Okla, Wyandotte (30%)NW of Noel SE 1/4;~NE 1/4, Sec. 9; Bioherms exposed in.
' T, 21 Noy Be 33 W, bluff along roed at
: confluence of road
| _ and Elk River,
4, Mo,  Noel (15') SW of Noel N, 1/2, NE 1/4; S§ 1/k, Bioherms present on
Sec, 30; T, 21 Ny elther side of road
R, 33 W, Just south of Mill
» : Creek, -
5, Mo,  Noel (15') SW of Noel N 1/ky SH 1/4, N4 1/4, Bioherm in bluff NW
: Sece 31y To 21 Noy of SW trending stream;
R, 33 W. N of farmhouse,
Mo,  Noel {15') Se of Noel NE 1/b, SW 1/4, Nd 1/4, Bioherm on south side

Sec, 31, T, 21 N,,

bf hill west of road.



Topographic

Sec, 3&; To 22 Noy
Be 32 W,

State Map general Location Specific Tocation Remarks
7. Mo.  Noel (15')  'S. of Pineville.  SW 1/4, ¥ 1/4, N# 1/b, Bioherm on either
' & NE 1/4, NE 1/4, NW 1/4,side of Brush Creek,
Sec. 31, Te 21 Noy
B.'v' 31 Wb‘
8, Mo, Noel (15%) S. of Pineville NE 1/@;.SW l/b; SW l/@; Bioherm in small
‘ ‘ Sece 20y To. 21 Ney hollow west of roadj
Be 31 We south bank of hollow,
9, Mo,  Noel (15')  Near Elk Springs INW 1/4, NE 1/%, SW 1/4, Ons large hioherm and
Sece 1y Te 21 Ny and several smaller
B, 33 W, ones exposed in bluff
west of meander of
Elk River; south of
, Elk Springs.
10, Mo.  Noel (157) Néar Elk Springs SE 1/4, NE 1/4, NE 1/4, Several bioherms in
Sece 1, Tw 21 Noy NE-SW bluff on west
B. 33 We bank of Indien Creek,
11, Mo, - Noel (15%) Near Elk Springs SW 1/L4, NE 1/, SE 1/L, Two bioherms both ex-
& SE 1/h, NE 1/h, SE 1/k, posed near corner of
Sec, 1, Ts 21 Ny - bluff on north side
Be 33 W, of Elk River.
12, Mo,  Noel (15')  Bétieen:Plheville N 1/b, SE 1/k, SW 1/4, Bioherm locatéd up
end Elk Springs Sece 55 T 2L Noy smell south trending
. B, 32 W, . hollow; St. Joe shows
, ‘abnormal dip here.
13, Mo,. Noel (15') At Pineville NW 1/4, SW 1/, NE 1/4, Bioherm along stream

draining Dog Hollow;
within a few yards |
of bridge over stream,
bridge on road to
Cyclone,
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.. ... Topographic A ‘ 4
State Map General ILocation Specific Location Bemarks
14, Mo. Noel (15') North of Haven- NW 1/4, SE 1/4, SW 1/4, Two large bioherms in
hurst Sec, 34, T, 22 N,, south-facing bluff

R. 32 W, 0.3 mile north of
Havenhurst at confluence
of bluff and river,

15, Mo, Noel (15') W. of Cyclone SW 1/4, NE 1/4, NW 1/4, Bioherm west of

Sec, 22y T, 22 No,. Cyclone in south-

BR. 31 W. facing bluff on west
side of a small
southward draining
hollow,

16. Mo, Noel (15') E. of Cyclone NW 1/4, SW 1/4, NE 1/4, Bioherm crops out in

Seec. 23, To 22 N,, bluff on bend of Big

R. 31 W, Sugar Creek on corner
of west-facing bluff
and westward draining
hollow,

17. Mo, Rocky Comfort 'S, of Powell SW 1/4, N\W 1/4, NE 1/4, Bioherm is in west-
(157 Sec, 28, T, 22 N,, facing bluff 1,2 A
: B, 30 W, miles south of Powell,
on road which follows
Bentonville Hollow,
18, Mo. Rocky Comfort N, of Powell NE 1/4, NE 1/4, SW 1/4, Bioherm in south-
(15*) Sec, 16, T, 22 N,, facing bluff at the
: R. 30 W, mouth of Mikes Creek.
19, Mo. Bocky Comfort W, SW 1/4, SW 1/4, NE 1/4, Bioherm crops out in

(15*)

of Powell

Sec. 17, T. 22 Ne,
B, 30 W,

bluff on west side of
Blg Sugar Creek,
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... Topographic . L _ o
State Map General Iocation Specific Location Bemarks
20, Moo Bocky Comfort W, of Powell SW 1/b4, SW 1/4; NW 1/h, Biloherm seen in bluff
(15'§ Sec, 18, T. 22 N,, on west side of Big
. R. 30 W, . Sugar Creek.
21, Mo.  Bocky Comfort W, of Powell SW 1/4, SW 1/4, NE 1/4, Bioherm in bluff on
, : (15') Sec. 18, T, 22 N,, on west side of Big
. B, 30 W, . Sugar Creek,
22, Mo,  Rocky Comfort NE of Powell SE 1/4, SE 1/4, NE 1/4, Bloherms located in
(15'¥ : Sec. 12, T, 22 N,, south~facing bluff
R, 30 W, at the mouth of
Sugarcamp Hollow;
near confluence of
the hollow stream
| and Mlkes Creek.
23, Mo.  Bocky Comfort NE of Powell SE 1/4, NE 1/4, SW 1/4, Bioherm in east-
| - (15') ' Sec. 1, T. 22 N., facing bluff on
. Ry 30 W, . Mikes Creek.
2k, Mo,  Rocky Comfort NE of Powell ~ NE 1/4, SE 1/4, NE 1/4, Bloherm in south-
(15° Sec. 6, To 22 N,, facing bluff on
, o ' B. 29 W, : Star Hollow; west of
Junction of the
hollow stream and
A Mikes Cresk,
25, Mo,  Bocky Comfort NE of Powell SE 1/4, SE 1/4, NE 1/4, Bioherm in south-
(15') o Sec, 20, T, 21 N,, facing bluff on
. B, 29 W, Star Hollow.
26, Mo, Rocky Comfort N, of Jacket SE 1/k, SW 1/4, N 1/4; Bioherm in northeast-
(15') Sec, 20, T, 21 N,, facing valley wall,

B. 29 W,



Topographic .
State Map General Iocation Specific Location Bemarks
27, Mo, Cagsville N, of Eagle Bock SE 1/4‘ SW‘l/h“ W 1/4; Bioherm in west side
(157%) Sec, 33, To 22 N,, of hill,
R, 26 W, .
28, Mo, = Cassville E. of Cassville  SW 1/4, SE 1/L, SW 1/k,
(15*) Sec. 21, To 23 Noy .
B, 26 W
29. Mo, Oassville E, of Cassville NE 1/4, SW 1/4, N 1/4,
(151) Sec, 16, T. 23 N.,
B, 26 W A A
30 Mo, Beeds Springs W, of Cape Fair NW 1/4 NE 1/4 NE 1/4' .Bioherm exposed along
(7.5) Sec, 2, Te 23 N "road on north side of
R, 24 W. Emerson Hollow,
31e Mo,  Galena (7.5') N, of Reeds SW 1/4, SE 1/4, NE 1/4,' Bioherm crops out on
’ : "~ Springs Sece lﬁ T, 24" N both sides of stream,
A Rn 23 Wo . p
32, Mo, Garber (7.5') W, of Bramson NW 1/4, SE 1/4%, SE 1/4%, Bloherm seen on top
: Sec, 27, T. 23 N,, of hill north of
B, 22 W, ~ Dewey Bald,
33, Ark, Eureak Springs- S, of Pouca NW 1/4, Sec. 36, T, 16 Bioherm in west valley
: Harrison (30%) Ney Be 23 W, wall on Buffalo River;
2.4 miles south of
Poncea.
3%, Ark, Eureka Springs- S, of Ponca SW 1/4, Sec. 35, T. 16 Bloherm in west valley
Harrison (30%) N., B, 23 W, wall on Buffalo River;

several hundred yards
SW of "reef" listed .
above, -



... TIopographlc
State Mep ' _General Iocatlion Specific Location Bemarks
35, Ark, Eureka Springs~ N, of Jasper = NE"l/#; Sec, 8; T, 16 Bioherm present in
Harrison (30°7) N.y Bs 21 W, gouth trending hollow
A - -which empties into
. the Buffalo River,
36, Ark, Eureka Sprin§s- At, Yardelle NW. 1/4%, Sec. 4, T, 16 Bioherm exposed in
, Harrison (30%) N N., B, 19 W, NE~SW bluff on Davis
. o Creek,
37, Ark, Fayetteville N, of Sulphur SW 1/%, Sec. 1, T, 21  Bioherm crops out at
‘ (307) Springs " Noy Bs 33 We the head of a very

short valley on the
north side of the road,
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