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ABSTRACT

Outcrop studies of sedimentary and stratigraphic features of microbial buildups are
important in developing conceptual models for exploration of potential microbialite reservoirs.
This study examines the occurrence and distribution of Lower Ordovician microbial fabrics in
central Missouri and Kansas. The units studied include the Roubidoux and Jefferson City-Cotter
Formations of the Arbuckle Group. To determine the depositional environments suitable for
microbialite development, micro, meso, and macro-scale features were examined and their
stratigraphic relationships established to the surrounding lithofacies. Microscopic-scale analysis
reveals heavy dolomitization of strata, however remnant syndepositional features provide vital
clues about the microbialite development.

The occurrence of microbial structures is placed within a T-R cycle stratigraphic
framework. The microbialites occurred within cyclical shallow marine deposits and are grouped
into three cycle types. Type 1 deposits include subtidal mudstones to packstones that graded into
intertidal stromatolites. Type 2 deposits include subtidal mudstones and packstones with
thrombolite fabrics that graded into supratidal facies. Type 3 deposits include intertidal or
supratidal facies that graded into supratidal facies.

Thrombolites were more prevalent during the Jefferson City-Cotter and less during the
Roubidoux times when sedimentation was high. They mostly grew at the top of the TST and
bottom of the HST sequences. The stromatolites occurred right before the thrombolites during a
TST sequence and after the thrombolites during an HST sequence.
v
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CHAPTER 1
INTRODUCTION
Introduction and Purpose
Microbial carbonate deposits are widespread in the geologic record and range in age from
the Proterozoic to the present. Microbial carbonate precipitates (also called microbialites or
microbolites) includes stromatolites and thrombolites that are the focus of this study. They are
formed in situ by the direct or indirect activity of benthic microorganisms; either by detrital
sediment trapping and binding, by inorganic calcification, by biologically influenced
calcification, or by skeletal calcification (Burne and Moore, 1987). These microorganisms can
include bacteria, fungi, mold, algae and protozoa, which affect the style and growth of
microbialites. (Bradley, 1929; Logan and Chase, 1961, 1974; Schopf, 1968; Hofmann and
Jackson, 1969; Doemel and Brock, 1974; Hofmann, 1974; Awramik, 1976).

Recent stromatolite morphologies are suggested to be the final products of complex
biological and environmental interactions. They may be correlated with the distribution of
microbial population and communities along with environmental conditions such as energy,
exposure, water supply and drainage, and rates of sedimentation and mineral precipitation
(Logan et al, 1964; Awramik, 1976; Golubic, 1976; Serebryakov, 1976). Thus, microbial
carbonate textures can be indicative of particular paleoenvironmental conditions (Logan et al,
1964; Aitken, 1967; Braga and Martin, 1995; Parcell, 2002).
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Certain large (102-3 m) -scale microbial carbonate precipitates are of interest for
petroleum exploration as some are proven reservoirs (Tengiz Field, Pricaspian Basin,
Kazakhstan, Kenter et al, 2012; Upper Jurassic Smackover Formation, Gulf of Mexico, Mancini
et al, 2012; Upper San Andres Formation, Permian Basin, New Mexico, Wahlman et al, 2012 ).
Studies of these carbonate reservoirs have shown that primary microbial textures and fabrics are
often an important influence on the porosity and permeability of microbialite hydrocarbon
reservoirs (Franseen et al, 2004; Parcell, 2002).

Outcrop studies serve as analogs for large-scale microbial buildups (Braga and Martin,
1995; Kenter et al, 2005; Parcell, 2009) encountered in the subsurface; and therefore, are
valuable when exploring for potential reservoirs in rocks of similar age and depositional setting.
Examining the sedimentologic, depositional and stratigraphic attributes of these features is
therefore important to developing a conceptual model for exploration for potential microbialite
reservoirs.

Outcrop studies show that there are widespread microbialite textures that may hold
important information about variability in environments of deposition and potential reservoir
characteristics of the Arbuckle in the subsurface (Parcell, 2009). While the Arbuckle Group is a
major producer in Kansas, only the upper few meters are drilled for hydrocarbons. A recent study
by Franseen et al (2004) showed that microbialite textures in the Arbuckle Group have porosities
as high as 32% and permeabilities as high as 1,500md.

The outcrop study done by Overstreet et al (2003) in Missouri in the Lower Ordovician
2

noted the microbialites were within third order sequence stratigraphy and were used to conduct
interbasinal correlations within North America. Another interbasinal correlation study was
conducted by Shapiro and Awramik (2000) in the Great Basin, United States using the
morphologies of microbialites in the Upper Cambrian-Lower Ordovician. Thus, microbialite
morphologies can be important not just as hydrocarbon reservoirs, but as correlating tools as
well.

While the previous study on the Missouri outcrops by Overstreet et al (2003) in the
Lower Ordovician focused on interbasinal correlation within North America, this research
focuses on the details of the sedimentologic attributes and stratigraphic occurrence of
microbialites in the Lower Ordovician Roubidoux and Jefferson City-Cotter Formations (Fig. 1)
of central and southwest Missouri with a comparison study to the subsurface in Kansas (Fig. 2).
Previous studies by Franseen et al (2003, 2004) suggested that depositional fabrics were
important to the Arbuckle microbialite reservoir quality, and so a detailed look at these
microbialites are needed. The Missouri sections provide a clearer picture of the distribution,
characteristics, and controls on microbial facies during the Cambro-Ordovician. This study aims
to understand the stratigraphic relationships between microbialites and surrounding depositional
facies in order to have an improved geologic conceptual model of microbial development in the
Arbuckle Group of Kansas and Missouri.

These units were deposited in a ramp-type subtidal to peritidal environments under
epeiric sea conditions and are dominated by dolomite, cherty dolomite, and dolomitic limestones.
Microbialites such as hemispheroid and digitate stromatolites and reticulate thrombolites, are
found within the units.
3

Fig. 1. Stratigraphic chart of the Late
Cambrian and Early Ordovician in Kansas
and Missouri (inset). Adapted from Zeller,
1968.
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Geological Setting
The Sauk Sequence of Sloss (1963) was deposited during the Late Cambrian and Early
Ordovician. Being of a passive tectonic nature, an epicontinental sea flooded the interior of
North America creating the “Great American Bank” that stretched along the present southern and
eastern flanks of the North American craton (Wilson et al, 1991). During this period a vast ramp
of shallow shelf carbonates were deposited that consists of a thick sequence (hundreds of meters)
of intertidal to subtidal dolomitized, cyclically-deposited carbonates (Fig. 2; Wilson et al, 1991;
He, 1995; Overstreet et al, 2003). These microbialites dominated these shallow-ramp to deeper
ramp settings throughout the world during this Early Ordovician (Webby, 2002). In Missouri,
these carbonates occurred in a fully aggraded platform close to the Ozark Dome (He, 1995),
while in Kansas they were in a gently sloping shallow ramp. Thus, the Lower Ordovician units
are primarily composed of dolomite with varying amounts of sandstone and chert.

Missouri and Kansas lay around 10° to 20° South of the equator during the Early
Ordovician (Ross, 1976, Overstreet et al, 2003). The Ordovician period is known to have had
warm greenhouse conditions (Webby, 2002) and with Missouri and Kansas being closer to the
horse-lattitudes, temperatures were calculated to be as high as 20°C in this general area (Webby,
2002). CO2 levels were 14 to 18 times present day levels (Berner, 1994). Reefal growth
including metazoans were inhibited partly due to such high temperature levels, partly due to
influxes of dysoxic to anoxic waters within the drowning of these shallow platforms (Kauffman
and Fagerstrom, 1993), and partly due to hypersaline conditions created by high evaporation and
low rainfall (Ross, 1976). Such conditions all work together to create a boiling pot favorable for
these microbialites (Webby, 2002).
5

Microbial fabrics occur throughout the Arbuckle strata in Missouri and Kansas. In
Missouri, the oldest Ordovician unit exposed is the Gasconade Formation that is comprised of
brown to gray, fine to coarse crystalline, cherty dolomite. The Lower Gasconade contains gray
oolitic and stromatolite chert beds. A widespread silicified microbial biostrome divides the lower
and upper members of the Gasconade. The Upper Gasconade is primarily massive-bedded
dolomite with very little chert. The overlying Roubidoux Formation is composed of dolomite and
sandy dolomite with beds of sandstone, and cherty dolomite and abundant stromatolites and a
few thrombolite fabrics. The upper Arbuckle is represented by the Jefferson City and Cotter
Formations in Kansas, while in Missouri the Powell and Smithville Dolomites form the top of
the Arbuckle (Fig. 1). These are chiefly brown to gray, fine to medium crystalline dolomite with
chert, sandstone and shale beds. These units contain thrombolite and a few stromatolitic facies.
Similar lithologies and microbialites are present in the subsurface.

6

Fig. 2. Geologic setting and paleogeography during the Early Ordovician of North America. Black
circles mark the locations of study area. Modified from Blakey (2003). Inset: Precambrian to Lower
Ordovician strata outcrops in Missouri and locations of outcrops and wells.
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Methodology
In the following discussions, the term microbialite is used to describe the structures
present in the Arbuckle Group of Missouri and Kansas. The terms stromatolite and thrombolite
are used as modifiers relating to structures that are generally of laminated texture versus a
generally clotted texture respectively (see appendix page 147). This is a similar method used by
Burne and Moore, 1987 and Planavsky and Ginsburg, 2009.

In order to study the paleoecologic setting of these microbialites in an ancient
environment, an analysis (using the methods by Shapiro, 2000, Parcell, 2003, Shapiro and
Awramik, 2006, Planavsky and Ginsburg, 2009) of their growth form which is represented in the
macro scale (cm-m) and their fabric represented in the micro-scale (mm-cm) was conducted. In
addition to that (1) the paleoenvironments and controls on deposition of microbialites within a
stratigraphic framework, and (2) reservoir characteristics of these microbialites in outcrop in
Missouri and subsurface of Kansas were analyzed as well.

Three outcrops were described in central and southwestern Missouri as well as a mineral
exploration core from Southwest Missouri (H-13 from Stone County) (Fig. 2). Lithologies,
cycles, bedding characteristics, porosity types, and microbialite fabrics were described. 110 thin
sections were prepared and examined for allochems, degree of dolomite crystallinity, porosity
and permeability. For comparison, four cores were described from Rice, Ellsworth, and Trego
counties along the flanks of the Central Kansas Uplift. Lithofacies descriptions included
allochems, microbial fabrics, dolomite crystallinity, porosity and porosity type. Refer to the
glossary on page 150 for locations of outcrops and wells.
8

An estimate of reservoir porosity and permeability was calculated by point counting for
porosity and use of the Teodorovich’s (1949) method for estimating permeability. This method
calculates permeability in thin sections from four empirical coefficients related to: (1) pore-space
type, (2) effective porosity, (3) pore size, and (4) pore shape.

A field technique method by Preiss (1976) was used to describe the characteristics on
these microbialite morphologies such as its mode of occurrence, wall structures, and laminae
shape pertaining to outcrop samples (macro-scale) with modifications to thrombolites and algal
mats.

9

CHAPTER 2
RESULTS
Microbialites in Missouri
The Ozark Uplift has exposed some excellent outcrops of the Arbuckle Group. Several
outcrops and one core were studied for microbialite characteristics in central and southwest
Missouri (Fig. 2). These microbialites grew in a ramp-type subtidal to peritidal environment near
the Ozark dome, characteristic of the Arbuckle in this region.

Roubidoux Formation
The Roubidoux Formation is light to dark gray, very fine to coarse crystalline, anhedral to
euhedral dolomite, sometimes sandy, cherty, and/or oolitic. Chert occurs mostly as nodular or as
silicified stromatolites (Fig. 5). The Roubidoux tends to have more siliceous sand than either the
Gasconade or the Jefferson-City-Cotter Formations. The sandstone in the Roubidoux is
considered as a good aquifer (Thompson, 1991). Mostly stromatolites occur in this formation
with a few thrombolites.

Roubidoux Stromatolites:
These vary from laterally-linked hemispheroids (will be shortened from here forth to
LLH) (Fig. 3), vertically-stacked hemispheroids with a variable base (SH-V) (Fig. 4, 8), and
vertically-stacked hemispheroids with a constant base (SH-C) types (Fig. 5-7). These types are
also definied in the glossary section.
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The LLH-type can be as thick as 2m and 3m wide. The SH-V and SH-C types can be as
thick as 0.7m and 0.04m wide. They tend to have laminae that are gently to steeply convexing
and occur in domical biostromes. Their margin structure is either wall-type or cornice-type.
Some of these contain silt size quartz or fossils trapped within the laminae (Fig. 10). Pores are
mostly the “laminar” vug (the vugs that form along the laminae of the stromatolite). These are
interpreted to form from enlargement of intercrystalline pores (Fig. 11-12). Fenestrae, vugs,
intracrystalline, and moldic pores are also present.

LLH-type (LATERALLY LINKED HEMISPHERES)
In Missouri, these stromatolites were described in Westphalia on US Highway 63 (Fig. 2,
3). At the outcrop, these LLH-type bioherms were mostly present as vuggy heads. They are
mostly wackestones. They are all dolomitized with fine to coarse grained, euhedral to anhedral
dolomite and some have silicification alterations that have occurred after dolomitization. Algal or
bacterial work is seen as “dirty” dolomite and are visible as laminae. Between these laminae are
silt and fine-size chert or chalcedony fragments which may have originally been fossils. Presence
of cyanobacterial filaments were seen which may be Girvanella(?). They either grew on
erosional irregularities or muddy mounds, thus requiring a small topographic high to initiate
growth. Pores were mainly “laminar” vugs or intercrystalline. This provided for a greater
permeability. There are signs of the presence of hydrocarbon within some pores. All
characterization of this type is from the outcrop observations as they cannot be determined as
LLH-type in the cores. They are instead identified as the SH-type in cores.

SH-C & SH-V- types (VERTICALLY STACKED HEMISPHEROIDS)
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In Missouri, these stromatolites were described in Westphalia on US Highway 63 and
from the Well H-13 core (Fig. 2, 4-8). At the outcrop, the SH-V types are seen as collective reefs
possibly due to their smaller width size (0.02m) (Fig. 4), while the SH-C types are more isolated
or spaced further apart as they are larger in width (0.4m) (Fig. 6). At both outcrop or in the cores
(Fig. 7-8), both types vary from being wackestones to packstones. They are all dolomitized with
medium grained, euhedral to anhedral dolomite. Between the laminae are silt, fossils, and/or
oolites. These are also present between heads (Fig. 10). There are signs of boring. Some of the
laminae grow with a cross-laminations style suggestive of a greater energy environment. Both
types grew on either clasts or a small topographic high. Some of these microbialites grade from
being a layered thrombolitic texture to this SH-type stromatolite. Pores were again mostly
“laminar” vugs or intercrystalline (Fig. 11-12) with the highest permeability occurring within
these.

Paleoenvironment
The LLH-type stromatolites suggest an environment that accommodates their thickness;
mostly in a subtidal setting. Other evidence is that they mostly occur as wackestones but during a
period of time with greater background sedimentation. The SH-V-type occurs in a high-energy
environment setting where the laminae cannot reach the base, while the SH-C-type occurs in a
lower energy setting than the SH-V type allowing the laminae to reach the base. This is
consistent with Logan’s (1964) findings in Shark Bay, Australia. Thus, these microbialites can be
placed in the intertidal setting.
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13

Fig. 3. LLH-type stromatolites in the Roubidoux Formation of Westphalia, MO.

A.

B.

Fig. 4. Digitate (SH-V) stromatolites in the Roubidoux Formation in Westphalia, MO. (a) Close-up view.
(b) Outlined with base. Quarter is 2.3cm.
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Fig. 5. Silicified SH-C-type stromatolite in the Roubidoux Formation in Westphalia, MO. Pen for
scale (~14CM).

Fig. 5. Silicified SH-C-type stromatolite in the Roubidoux Formation in Westphalia, MO. Pen for scale
(~14CM).
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Fig. 6. SH-C-type stromatolite where the top of its head is eroded. Roubidoux Formation in Westphalia,
MO. Quarter is 2.3cm.
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Fig. 7. SH-C stromatolite from the Roubidoux Formation, 505ft, Well H-13, Stone Co., MO. Note the
“laminar” vugs.
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Fig. 8. SH-V stromatolite from the Roubidoux Formation, 522ft, Well H-13, Stone Co., MO. Note the
“laminar” vugs possibly formed by enlargement of intercrystalline and fenestral pores.
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0.5mm

Algal laminae

gastropod

oolites

Fig. 9. Ghost figures of a gastropod and oolites trapped within (silicified) stromatolitic laminae. 4X, XP,
Jefferson City-Cotter Formation, 3752.5ft, Well Keja #1-3, Trego Co., KS.
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0.5mm

algal laminae of
two different stromatolites

very fine silt

Fig. 10. Silt trapped between laminae of SH-V type stromatolite. Intercrystalline porosity can
also be seen (blue). 4X, PP, Roubidoux Formation, Westphalia, MO.
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0.5mm

“laminar” vugs

intercrystalline pores

Fig. 11. SH-V-type or digitate stromatolite. “Laminar” vugs and intercrystalline pores are mostly present
within these stromatolites. 4X, PP, Roubidoux Formation, Westphalia, MO.
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0.5mm

“laminar” vugs

Fig. 12. SH-C-type stromatolite. “Laminar” vugs are created by the dissolution and enlargement of the
intercrystalline pores. 4X, PP, Roubidoux Formation, Westphalia, MO.
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Roubidoux Thrombolites
The Roubidoux thrombolites were studied from core sample (Well H-13 – Fig. 2) as none
of the outcrop study areas consisted of thrombolites. These vary from reticulate (Fig. 14), layered
(Fig. 15) and a combination where reticulate or dendritic thrombolites become layered and/or
dendritic (Fig. 13, 16).

The reticulate and layered thrombolites can reach up to 0.3m thick. The combination
thrombolites can reach up to 1m thick. Abundant fossils, borings, and burrows are present (Fig.
14, 17, 19) in all types and tend to contain intercrystalline, burrowed, bored, vuggy, and
“laminar” pores (Fig, 14, 17, 20). They mostly grew on a peloidal wackestone or mudstone and
graded into either a peloidal wackestone or into tidal flat laminites (TFL) or algal mats (Fig. 18).

Reticulate-type
This is defined as a thrombolite that contains clots arranged in a random manner; refer to
the Glossary section for further information. In the cores, these reticulate thrombolites are mostly
present amongst vuggy and burrowed deposits (Fig. 14, 20). They are mostly mudstones to
packstones. They are all dolomitized with fine to coarse grained, euhedral to anhedral dolomite.
The burrows in portions have been filled in with chalky white chalcedony (Fig. 14, 17). At the
microscopic level, algal or bacterial clotting is seen as “dirty” dolomite (Figs. 20-21) where the
dolomite crystals are cloudy. Ghost fossils (Fig. 19) which may have originally been gastropods
are present, some within the burrows. Similar to the stromatolites, these thrombolites prefer
growing on topographic highs as well. They either grew on erosional irregularities or muddy
mounds. Pores were mainly intercrystalline, vuggy (Fig. 20), and burrowed. Signs of
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hydrocarbon are present within some pores (Fig. 21). All characterization of this type is from the
core observations as no thrombolites were observed in the outcrop.

Layered-type
This is defined as a thrombolite that contains clots arranged in a layered manner; refer to
the Glossary section for further information. In the cores, these layered thrombolites are similar
to stromatolites where they have laminations, but these laminations are created by clots arranged
in a layered manner (Fig. 13, 15). They sometimes have a pseudocolumnar texture. They are
mostly mudstones to wackestones. They are all dolomitized with medium to coarse grained
dolomite. Algal or bacterial clotting is seen as “dirty” dolomite. Fossils are rare and some
burrows are seen. These thrombolites grew on the reticulate-type or on peloidal mudstones. Pores
were mainly intercrystalline, vuggy, and “laminar” vugs. All characterization of this type is from
the core observations as no thrombolites were observed in the outcrop.

Hybrid
This hybrid type is referred to several types of thrombolites and/or stromatolites grading
from one to the other. It includes a reticulate-type grading into a layered-type which in turn
grades into algal mats or tidal flat laminites (Fig. 13). It could also be where a dendritic-type
grades into a layered-type (Fig. 16). This gradation is interpreted to occur due to a change in the
environment. They are capped by either tidal flat laminites (Fig. 13) or algal mats (Fig. 18). In
the cores, the reticulate-type and layered-type are all as described above. The dendritic-type (Fig.
16) is defined as a thrombolite where the clots are arranged in a branching manner; refer to the
Glossary section for further information. They are similar to the other two types where they
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consist of burrows and borings, possibly have fossils present, and are all dolomitized with very
fine to medium crystalline dolomite. This type seems to be created in a layered manner as well
even though their overall texture branches. Thus they have “laminar” vugs along with
intercrystalline, vuggy, fenestral, and moldic pores. They are mostly wackestones to packstones.
The combo type can be mudstones as well. Algal or bacterial clotting is seen as “dirty” dolomite.
All characterization of this type is from the core observations as no thrombolites were observed
in the outcrop.

Paleoenvironment
These thrombolites occur in an environment where a lot more organisms thrive evidenced
by the borings and burrows (Fig. 14, 17) present within them. They also occur mostly within
mudstones to wackestones, thus suggesting a lower sedimentation environment. They also seem
to occur below stromatolites or tidal flat laminites (Fig. 13, 18). Thus it is suggested that they
occur in a subtidal to lower intertidal environment.

The reticulate thrombolites are suggested to have grown in an environment with a lot
more organisms (Fig. 14) present and a moderate energy level enhancing the disarray in the
microbialite clotting while the layered type has fewer organisms and relatively lower energy
levels allowing for the lateral growth. This decrease in organisms and background sedimentation
levels allows the change from a reticulate to layered-type; from equal lateral and vertical growth
to strictly lateral growth respectively. They ultimately grade into a peritidal environment of tidal
flat laminites (Fig. 13).
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Possibly due to the presence of a greater amount of sand during the Roubidoux period,
there are less thrombolites present as compared to the Jefferson City-Cotter Formation as they
seem to form mostly during periods of lower sedimentation.

Algal mats
Algal mats (Fig. 18) in the Roubidoux, considered as stromatolites tend to be about
0.35m thick and can be flat-laminated, undulatory, or pseudocolumnar. They mostly contain
“laminar”, fenestral, vuggy, and/or intercrystalline pores. Some of these pores, especially the
“laminar” type gets filled with dolomite. There are no fossils present and usually grade from a
peloidal wackestone which maybe a thrombolite and grade into a tidal flat laminite. They are
similar in their texture to stromatolites, but the laminae sometimes form more like mud chips.
Thus, they are interpreted to occur in a peritidal environment.
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TOP

tidal flat

mix of clotting and

laminites

layers

oolitic facies
slightly laminated or layered

1cm

1cm

reticulate

reticulate
slightly laminated or layered

BOTTOM
Fig. 13. Grading between layered and reticulate. Roubidoux Formation, 619-621ft, Well H-13, Stone
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Co., MO.

fossil

clottings
randomly
arranged

burrows
now filled
with
chalcedony
and chert

1cm

Fig. 14. Reticulate thrombolite that was highly burrowed into. Roubidoux Formation, 604ft, Well H-13, Stone
28
Co., MO.

Fig. 15. Layered thrombolite.
Roubidoux Formation, 626ft, Well
H-13, Stone Co., MO.

clots forming the layers

fossil

1cm
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Top

layered
clots

branching clots

branching
clots

reticulate
clots

1cm

Bottom
Fig. 16. Reticulate thrombolite grades into a dendritic thrombolite that grades into a layered thrombolite.
30
Roubidoux Formation, 621-625ft, Well H-13, Stone Co., MO.

Fig. 17. A closer look at the
burrowing and borings in a
thrombolite facies. Roubidoux
Formation, 622ft, Well H-13, Stone
Co., MO.

boring now filled with
dolomite

burrowing now filled with
chalcedony

1cm
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Fig. 18. Algal mat. Roubidoux Formation,
593ft, Well H-13, Stone Co., MO.
1cm

Has convex/concave shape like
stromatolites

“Laminar” vugs filled in with
dolomite

Fenestrae that enlarges to
“laminar” vugs
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0.5mm

Fig. 19. Ghost of fossil within clotted, fine to medium crystalline, anhedral, “dirty” dolomite indicating
dolomitization is not completely fabric destructive in a dendritic thrombolite. Roubidoux Formation, 4X,
PP, 622.5ft, Well H-13, Stone Co., MO.
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0.5mm

Non-ferroan calcite

Vug

Fig. 20. Intercrystalline pores (white holes within the dolomite) and vugs present in clotted wackestone with
pore-filling, non-ferroan calcite spar. Roubidoux Formation, 4X, PP, 622.5ft, Well H-13, Stone Co., MO.
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0.5mm

trapped hydrocarbon

Fig. 21. Trapped hydrocarbon within the intercrystalline pores amongst fine to medium, subhedral to
anhedral, “dirty” dolomite within a reticulate thrombolite. Roubidoux Formation, 4X, PP, 437ft, Well H-13,
Stone Co., MO.
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Jefferson City-Cotter Formation
The Jefferson-City-Cotter Dolomite is brown to tan, fine to medium crystalline, anhedral
dolomite. Chert and sand is not as common. It contains mostly thrombolites and some
stromatolites.

Jefferson-City-Cotter Stromatolites
These stromatolites are SH-C (Fig. 22-24) and SH-V types (Fig. 25-27). The SH-C type
can be as thick as 0.7m and up to 1m wide. The SH-V type can be as thick as 0.23m and 0.15m
wide. Refer to glossary for definition. They both occur as biostromal or reefal domes.

SH-C-type
In Missouri, these stromatolites were described in Westphalia on US Highway 63 (Fig. 2,
22-24).These SH-C types in the Jefferson City-Cotter are similar to those in the Roubidoux as
they are spaced apart due to their larger width (1m). They have a steep to gently convexing
domal shape and have a wall margin structure where even the algal material at the top-most layer
reach the base. They are all dolomitized early with cryptocrystalline to very fine crystalline,
anhedral dolomite. Silicification occurred post-dolomitization. This appears as cherty.
Chalcedonic splays (Fig. 28) are seen filling in some of the pores suggesting a second
silicification process that occurred. Some of these splays are found trapped between laminae.
Pore-filling authigenic megaquartz (Fig. 28c) also formed after the chalcedony filled the pores.
This zebraic chalcedony occurrence has been interpreted by McBride and Folk (1977) as
evaporitic replacement. There are no other signs of evaporites in these samples, but these may be
the only evidence available as either dolomitization may have destroyed any signs or they were
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dissolved off early on. Pores occur as vugs, intercrystalline, “laminar” vugs, and fractures. This
type seems to grow on muddy mounds (Fig. 23a). The inter-stromatolitic material consists of
oolites, very fine to fine detrital silt or coarse intraclasts (Fig. 23b, 24). Trapped within the
laminae is this detrital silt and possible forams which are now silicified.

SH-V-type
In Missouri, these stromatolites were described in Westphalia on US Highway 63 (Fig. 2,
25) and in Well H-13 core (Fig. 2, 26-27). These SH-V types, similar to the Roubidoux
Formation LLH-type (Fig. 3), are found as reefs that are smaller in width (0.03m) than the SH-C
type. They have a gently convexing domal shape and have a cornical margin structure. They are
all dolomitized with very fine to medium crystalline, anhedral dolomite. The medium crystalline
dolomite mostly occurs as pore-filling. Silicification (Fig. 25a-b) may have occurred prior to
dolomitization as chert is present within the dolomite. Laminae can sometimes be crenulated
(Fig. 25c-d). Trapped within the laminae and between laminae are silt and/or fossils (Fig. 29b).
Chalcedony that may have replaced anhydrite is also present among the laminae (Fig. 26). This
SH-V type rarely occurred in the core (Fig. 27) and is seen to have the signature “laminar” vug
and possibly replacement of anhydrite. Also of note is that the heads grew at an angle which may
be representative of the environment’s current flow.

Paleoenvironment
The LLH-type stromatolites were not observed here. The SH-types occurred amongst silt
(Fig. 23b, 24, 29b) and grew by trapping fossils and silt. Their thickness and that evaporites may
have occurred within them suggests an intertidal setting where they grew to sizable columns but
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also were faced with dry conditions at times. The SH-V type is interpreted to have occurred in a
higher energy level than the SH-C type as their laminae does not reach the base and also they
grew vertically at an angle (Fig. 27). This also made them smaller in width than the SH-C type.
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Fig. 22. SH-C-type stromatolites. Jefferson City-Cotter Formation of Westphalia, MO.
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A.
Fig. 23. SH-C-type stromatolite from the previous figure (22) and is (a) growing on a muddy
mound, (b) silt and oolites present within laminae and between heads. Jefferson City-Cotter
Formation, Westphalia, MO.
sand, silt, oolites trapped within laminae and between heads
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B.

1.4cm

Up

Fig. 24. Hand samples size view showing a closer look at the previous two pictures (Fig. 22-23)
of the SH-C-type stromatolite. Jefferson City-Cotter Formation, Westphalia, MO.
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Up

A.

stromatolite heads at the top of
sample

Fig. 25. SH-V-type stromatolite.
Black dots are a product of sawing.
Sample is very porous. Jefferson
City-Cotter Formation in
Westphalia, MO. Note the
silicification. They can also be
defined as a smaller LLH-type.

A. View from top.
B. Cross-section view.

B.
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Up

C.

D.
Fig. 25 (contd). (c) Close up view of SH-V-type from same sample. (d) Outline of the laminae. Jefferson
City-Cotter Formation, Westphalia, MO.
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1cm

Fig. 26. SH-V type stromatolite. This could possibly be a LLH-type
since it domes at the top. Jefferson City-Cotter Formation, 243ft, Well
H-13, Stone Co., MO.

Chalcedony

44

Fig. 27. Digitate or SH-V-type stromatolite. Note their vertical growth angle.
Bound at the top and bottom by tidal flat laminites. Jefferson City-Cotter
Formation, 487-8ft, Well H-13, Stone Co., MO.

“laminar” vugs

1cm
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0.125mm

A.

dolomite rhombs

Fig. 28. SH-C type stromatolite. (a) Pore-filling, zebraic chalcedony possibly replacing
evaporites. 4X, XP. Jefferson City-Cotter Formation, Westphalia, MO. Note also the dolomite
rhombs present within the chert.
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0.15mm

B.

Fig. 28 (contd). (b). A closer view of part a. Iron staining (?) seen at the edge of the pore. 10X,
PP. Jefferson City-Cotter Formation, Westphalia, MO.
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0.15mm

C.

dolomite

authigenic megaquartz

chert

zebraic chalcedony

Fig. 28 (contd). (c) Same as b. Pore-filling zebraic chalcedony possibly replacing
evaporites. Megaquartz filling in the rest of the pore in the center. 10X, XP. Jefferson CityCotter Formation, Westphalia, MO.
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0.5mm

A.
algal laminae

pore

Fig. 29. SH-V type stromatolite. (a) Laminae and “laminar” vug. 4X, PP. Jefferson City-Cotter
Formation, Westphalia, MO.
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0.5mm

B.
fossil or silt?

algal laminae

Fig. 29 (contd). (b) Laminae trapping either fossil or silt. 4X, PP. Jefferson City-Cotter
Formation, Westphalia, MO.
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Jefferson City-Cotter Thrombolites
Similar to the Roubidoux, the thrombolites found in the Jefferson-City-Cotter vary from
reticulate (Fig. 30-33, 35-37, 38), layered (Fig. 39-40) and a combination where layered
thrombolites become stromatolitic (Fig. 41) or grade from a reticulate type (Fig. 42). The
reticulate and layered thrombolites can reach up to 1m to 0.6m thick respectively. The
combination thrombolites can reach up to 3m thick. All these thrombolitic types occur in both
outcrop and cores. Fossils, borings, and burrows are present (Fig. 33-34) mostly within the
reticulate type and tend to contain intercrystalline, fenestral, moldic, burrowed, bored, breccia,
vuggy, and “laminar” pores. They are usually found at the bottom of a cycle and so mostly grew
on a peloidal wackestone or mudstone or an erosional contact and graded into tidal flat laminites
(Fig. 37b, 39b).

Reticulate-type
In Missouri, these thrombolites were described in Hollister (Fig. 2, 30-31) and between
Hollister and Branson on US Highway 65 near the 1 mile marker to Hollister (Fig. 36) where
they were noted as vuggy holes. They were also less preserved at the I-44 intersection at St.
Robert’s (Fig. 2, 35). They reached up to about 0.8m in width. At Hollister, they were present
within a mottled (burrowed) deposit and occurred as biostromal domal heads that were spaced
sporadically but consistently within one layer (Fig. 30, 31a-b). These heads however, had the
tendency to be layered as well but were not laterally continuous laminae like in a stromatolite
(Fig. 31c). Presence of gastropods indicates the mottling to be due to burrowing. They are mostly
mudstones to packstones. They are all dolomitized with very fine to coarse crystalline, subhedral
to anhedral dolomite. Their original fabric may have been calcitic limestone as calcite spar is
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found surrounded by dolomite. This thrombolitic facies also occurs above a highly burrowed
facies (Fig. 34). The burrows in both facies are now been filled in with almost micritic, anhedral
dolomite with intercrystalline porosity (Fig. 33b). The thrombolites in St. Robert’s (Fig. 35) also
occur within a highly fossiliferous facies. Algal or bacterial clotting is seen as “dirty” dolomite
(Fig. 43-45). Pores were mainly intercrystalline, vuggy, moldic, and burrowed (Fig. 33, 43-45).

Those from the core, Well H-13 (Fig. 2, 37-38) grew to about 0.6m thick with their width
greater than the size of the width of the core. They too were highly burrowed with presence of
fossils (Fig. 38). They grew on a peloidal mudstone/wackestone and graded up towards tidal flat
laminites (Fig. 37b). They are all dolomitized with very fine to medium crystalline dolomite.
Pores were intercrystalline, vuggy, and fracture. They can also be brecciated. Hydrocarbons are
also found trapped within the dolomite similar to figure 21.

Layered-type
None were observed in outcrop. In the core, Well H-13, these layered thrombolites (Fig.
39-40) are similar to those from the Roubidoux in that they are similar to stromatolites where
they have layers, but these layers are created by clots. They can grow up to about 0.6m with a
width greater than the width of the core. They can be domal shape (Fig. 39). They are mostly
wackestones to packstones. They are all dolomitized with very fine to coarse crystalline
dolomite. Fossils were not observed. These thrombolites grew on erosional surfaces and graded
above into tidal flat laminites (Fig. 39b) or mudstone/wackestones. Pores were mainly
intercrystalline, vuggy, “laminar” vug, and moldic.
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Hybrid
This hybrid type is referred to several types of thrombolites and/or stromatolites grading
from one to the other. They have only been found in the core, Well H-13. It includes a reticulatetype grading into a layered-type (Fig. 42) where the total height could come up to about 0.5m. It
also occurs as a layered-type that grades into a stromatolite (SH-V-type) (Fig. 41) where the total
height could come up to about 3m. This gradation is interpreted to occur due to a change in the
environment from a deeper to a shallower setting. They grow on peloidal mudstone/wackestone
and are capped by either tidal flat laminites or algal mats. The reticulate-type, layered-type, and
stromatolites are all as described above. Burrows are present and so there is a possibility of
fossils present, but they have not been found since they are all highly dolomitized with very fine
to coarse crystalline dolomite. Pores are mainly “laminar” vugs, intercrystalline, vuggy, fenestral,
burrowed, and moldic. They are mostly wackestones to packstones.

Paleoenvironment
Their environmental setting is considered to be similar to the Roubidoux thrombolites:
the reticulate thrombolites are suggested to have grown in an environment with a lot more
organisms present while the layered type has fewer. The decrease in fossils is also imperative of
the thrombolite change from a reticulate to layered form, thus allowing for the lateral growth of
the layered type. All thrombolites are suggested to have occurred in a subtidal to lower intertidal
environment where they ultimately grade into a peritidal environment of tidal flat laminites or
algal mats. Where the thrombolite changes into stromatolites, the environment is suggested to
have changed from a subtidal to intertidal setting. Possibly due to a lower availability of sand
during the Jefferson City-Cotter period, there are more thrombolites present as compared to
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during the Roubidoux time.

Algal mats
Algal mats are suggested to occur but were not easily identified in the core.
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Cotter Formation, Hollister, MO. Person is 5ft. Also see figure 64.

biostromal thrombolitic facies is what is being pointed at. It occurs above a burrowed wackestone. Jefferson City-

Fig. 30. Panoramic view of the Hollister outcrop off of US Hwy 65 near the College of the Ozarks. The

A.

B.
Fig. 31. (a & b) Reticulate to layered thrombolitic bioherms from figure 30. Jefferson City56
Cotter Formation, Hollister, MO.

C.

Fig. 31 (contd). (c) Closer view of the left thrombolite in a & b. A layered texture can also be
observed amongst the reticulate texture. Jefferson City-Cotter Formation, Hollister, MO. Index
finger is 7cm long.
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Fig. 32. Reticulate thrombolitic heads’ view from top. Note possible borings. Jefferson City58 long.
Cotter Formation, Hollister, MO. Pencil is 15.5cm

A.

mottling

Fig. 33. Reticulate thrombolite. Jefferson City-Cotter Formation, Hollister, MO. (a) A closer
view of a cross-section of one of the thrombolitic heads. The burrowing (seen as mottling)
caused by organisms are now filled in with dolomite.
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12mm

B.
micritic filled bores within intercrystalline pores

Fig. 33 (contd). (b) Micritic filled mottling in this closer view of the thrombolite head from a.
Jefferson City-Cotter Formation, Hollister, MO.
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Fig. 34. Burrowing on facies below the thrombolitic layer. Now filled in with dolomite.
Jefferson City-Cotter Formation, Hollister, MO. Lens is 6.5cm.
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Fig. 35. Thrombolitic head holes below the Quarry Ledge. Jefferson City-Cotter Formation,
St. Robert’s – I-44 intersection, MO.
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A.
Fig. 36. (a)Thrombolitic head holes, Jefferson City-Cotter Formation between Branson and
Hollister on US Hwy 65, MO. This is the equivalent facies as that in Fig. 31. Distance from
Hollister to this spot is about a mile.
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B.
Fig. 36 (contd). (b) Closer view of the thrombolite heads in a.
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1cm

A.
Fig. 37. (a) Reticulate to dendritic thrombolite. Jefferson CityCotter Formation, 359ft, Well H-13, Stone Co., MO.

organic material

65

B.

TOP

Figure 37a

base that grades from a peloidal
wackestone/mudstone to a
reticulate thrombolite at top
tidal flat laminites

Fig. 37 (contd). (b) The reticulate
thrombolite from the previous figure 37a
grades from a peloidal wackestone to a
mudstone or tidal flat laminite. Jefferson
City-Cotter Formation, 357-360ft, Well
H-13, Stone Co., MO.

1cm

BOTTOM

66

1cm

Fig. 38. Reticulate thrombolite. Jefferson City-Cotter
Formation, 436ft, Well H-13, Stone Co., MO.

fossils
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A.

Fig. 39. (a) Layered thrombolite. Jefferson CityCotter Formation, 459ft, Well H-13, Stone Co., MO.

1cm
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B.

TOP

Figure 39a

1cm

base that grades from
an erosional surface to
layered thrombolite at top

tidal flat laminites

Fig. 39 (contd). (b) The layered
thrombolite from figure 39a graded
from a rip-up clast (erosional) facies
and graded into a tidal flat laminite
facies. Jefferson City-Cotter
Fornation, 456-462ft, Well H-13,
Stone Co., MO.

69

BOTTOM

1cm

Fig. 40. Layered thrombolite brecciated at top.
Jefferson City-Cotter Formation, 379ft, Well H-13,
Stone Co., MO.
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Fig. 41. Layered thrombolite grades into a stromatolite. Jefferson CityCotter Formation, 294-7ft, Well H-13, Stone Co., MO.

stromatolite

1cm

layered thrombolite
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Fig. 42. Reticulate thrombolite grades into a layered thrombolite towards
the top. Jefferson City-Cotter Formation, 420-22ft, Well H-13, Stone Co.,
MO.

1cm
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0.5mm

A.

Fig. 43. (a) Reticulate thrombolite showing the “dirty” dolomite print. Jefferson City-Cotter
Formation, 4X, PP, 437ft, Well H-13, Stone Co., MO.
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0.5mm

B.

Fig. 43 (contd). (b) Reticulate thrombolite. Zoned, euhedral, very fine crystalline dolomite
within intercrystalline to vuggy pores. Jefferson City-Cotter Formation, 4X, PP, 437ft, Well H13, Stone Co., MO.
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0.15mm

intercrystalline pores

microbial film

Fig. 44. Reticulate thrombolite. Jefferson City-Cotter Formation, 10X, PP, Hollister, MO.
Adapted from Parcell (2009).
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0.15mm

microbial film

Fig. 45. Reticulate thrombolite. Jefferson City-Cotter Formation, 10X, PP, Hollister, MO. Note
the intercrystalline porosity. Adapted from Parcell (2009).
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Microbialites in Kansas
Four cores from the east and west flanks of the Central Kansas Uplift were used for
comparing between the microbialites from Missouri. The Kansas cores were initially described
by Franseen et al (2000) and only intersect the Jefferson City-Cotter Formation. These
microbialites grew in a gently sloping, ramp-type subtidal to peritidal environment near what
were hills (during the Ordovician time, Moore, 1918) of what is now the Central Kansas Uplift.
Refer to the Glossary section for details on the four cores.

These Kansas microbialites were measured in the subsurface for:


Types and textures,



Components which were adapted from Braga and Martin (1995) – this includes grains,
micrite, fenestrae, skeletons, and borings,



Paleoenvironment

Stromatolites
These vary from pseudocolumnar (Fig. 46-48), SH-C (Fig. 50-55), SH-V (Fig. 49), and
combination types (Fig. 58-61). The pseudocolumnar type can be as thick as 0.6m. The SH-types
can be as thick as 0.8m. The combination types include those that grade from a thrombolitic
texture. Thus, this will be described in the thrombolite section. No LLH-types were attempted to
be identified from the cores.

Pseudocolumnar
This type is being considered as a type of stromatolite versus an algal mat. They can have
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a growth form that is flat to undulatory (Fig. 46, 60) or crenulated (Fig. 47-48, 60). This
pseudocolumnar type can grade into the SH-type (Fig. 60). Their mineralogy was mainly fine to
coarse crystalline dolomite. The darker laminae has finer dolomite than the lighter laminae.
Gypsum and/or anhydrite nodules that is now silicified can be found amongst the laminae (Fig.
60). Pores occur as “laminar” vugs, intercrystalline, vugs, and fenestrae. These usually have an
erosional surface above them (Fig. 46-47). Some of the laminae have diagenetic iron and/or
pyrite present.

SH-C-type
These can have a growth form that is gently convex (Fig. 52-53) or concave or steeply
convex (Fig. 50-51, 61) with a wall-like margin structure (Fig. 51) that separates one head from
another. They are created mainly by an agglutination of peloids (Fig. 54). Their mineralogy
varied from very fine to coarse crystalline, anhedral dolomite. Some of these stromatolites have
silicified enclosing probably organic material noted as black (Fig. 50). Most of them lie in
brecciated facies (Fig. 52-53) which also sometimes contain hydrocarbons (Fig. 55). Their
horizontal growth spurts seem to start off from a type of oncolitic structure (Fig. 52). Thus
generally, these types grow from a packstone filled with fossils or clasts. They can contain
marine organisms like gastropods within its laminae. Also trapped are oolites. Pores are
“laminar” vugs which are sometimes occluded by fine crystalline, anhedral dolomite (Fig. 55).
Intercrystalline, vuggy, brecciated, and oomoldic are other pore-types observed.

SH-V-type
These can have a growth form that is gently convex (Fig. 59-60) or steeply convex (Fig.
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49). They are created mainly by an agglutination of peloids. Their mineralogy varied from very
fine to coarse crystalline, euhedral to anhedral dolomite (Fig. 56). Some existed amongst rip-up
clasts (Fig. 49). Generally, these types grow from a packstone filled with fossils or clasts. This
type of stromatolite was not as common as the SH-C type. Pores are “laminar” vugs,
intercrystalline (Fig. 56), vuggy, brecciated.

Paleoenvironment
The pseudocolumnar type occurred mostly within mudstones and along with the presence
of chicken-wire anhydrite (Fig. 60), their environment is suggested as occurring in a supratidal
setting with a low sedimentation input. The SH types, similar to those in Missouri, occur
amongst oolites, silt and trap fossils within their laminae. They even start their growth from
clasts (Fig. 52). Conclusively, they are suggested to occur within an intertidal setting similar to
the Missouri structures.
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Fig. 46. Pseudocolumnar
stromatolite with a brecciated or
erosional surface above it. Note the
fenestrae. Jefferson City-Cotter
Formation, 3406ft, Caldwell #1, Rice
Co., KS. Scale in inches.

Erosional/brecciated surface

pseudocolumnar
stromatolite with
fenestral pores
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erosional surface

pseudocolumnar
stromatolite

Fig. 47. Pseudocolumnar stromatolite with an erosional surface above it. Note the fenestrae. Jefferson
City-Cotter Formation, 3469ft, Caldwell #1, Rice Co., KS. Scale in inches.
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silicified

Fig. 48. Pseudocolumnar
stromatolite. Note the fenestrae and
“laminar” vugs. Jefferson CityCotter Formation, 3355ft, Matoush
#2, Rice Co., KS.

1cm
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Fig. 49. SH-V type stromatolite amongst rip-up clasts. Smaller stromatolite growing on top of
larger stromatolite. Brecciated at top with anhydrite seen as white on top. Jefferson CityCotter Formation, 3373ft, Truesdell #11-05, Rice Co., KS. Scale in inches.
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Fig. 50. Silicified SH-C type stromatolite. Only the stromatolite has undergone this silicification
and only the dark areas of the stromatolite are silicified, while the lighter areas are calcitic.
Jefferson City-Cotter Formation, 3289ft, Truesdell #11-05, Rice Co., KS. Scale in inches.
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Fig. 51.The manner of growth of a SH-C type where
the laminae reaches the base of the stromatolite.
Jefferson City-Cotter Formation, 3400ft, Matoush
#2, Ellsworth Co., KS. Scale in inches.
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cross-section of a whole head/oncolite

Fig. 52.The manner of growth of a SH-C type stromatolite where it started off as an oncolite.
Jefferson City-Cotter Formation, 3401ft, Matoush #2, Ellsworth Co., KS. Scale in inches.
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Fig. 53. SH-C type stromatolite within brecciated facies. Refer to Fig. 9 for thin section.
Jefferson City-Cotter Formation, 3752ft, Keja #1-3, Trego Co., KS. Scale in inches.
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0.5mm

laminae with peloids

Fig. 54. SH-C type stromatolite in very fine crystalline, anhedral dolomite illustrating peloidal
textures that define laminae. Note how the laminae merge towards the right. Jefferson CityCotter Formation, 4X, PP, 3422ft, Caldwell #1, Rice Co., KS.
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0.5mm

A.
Fig. 55. SH-C type stromatolite where “laminar” pore is filled in with fine crystalline, anhedral
dolomite. Jefferson City-Cotter Formation, 4X, (a-XP), (b-PP) 3446ft, Caldwell #1, Rice Co.,
KS.
hydrocarbons

B.

0.5mm
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0.5mm

Fig. 56. SH-V type stromatolite with intercrystalline pores amongst euhedral to anhedral, fine
crystalline, “dirty” dolomite. Jefferson City-Cotter Formation, 4X, PP, 3429.3ft, Caldwell #1,
Rice Co., KS.
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Thrombolites
Kansas thrombolites are similar to those found in outcrop in Missouri. They can vary
from reticulate (Fig. 57) and a combination type where reticulate thrombolites grade into
dendritic (Fig. 58) or layered thrombolites become reticulate (Fig. 59) or reticulate type grades
into a SH stromatolite (Fig. 61). The reticulate thrombolites can reach up to 0.6m thick. The
combination types can reach up to about 2m thick. Similar to those in Missouri, they are usually
found at the bottom of a cycle and so mostly grew on a wackestone to packstone with fossils or
on an erosional contact (Fig. 59).

Reticulate-type
They were observed mostly amongst brecciated facies (Fig. 57-59), while some were
intact (Fig. 61). Gastropods and bivalves along with burrows were present (Fig. 57). They occur
within mudstones to packstones. They are all dolomitized with very fine to medium crystalline,
anhedral dolomite. Pores were mainly intercrystalline, vuggy, burrowed, and breccia. This
reticulate type would grade with layered or dendritic or stromatolites (Fig. 58-59, 61).

Hybrid
Similar to those in Missouri, the microbialites in this type is referred to several types of
thrombolites and/or stromatolites grading from one to the other. Refer to those described in
Missouri as they are very similar or to the pictures (Fig. 58-61). This gradation is also interpreted
to occur due to a change in the environment between deeper and shallower settings. They are
highly dolomitized with very fine to very coarse crystalline dolomite. Pores can be any type
depending on the microbialite but are mostly intercrystalline, vuggy, breccia, or “laminar” vugs
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if they are layered or laminated. Hydrocarbons were noted within some of these pores or
amongst the breccia (Fig. 62).

Paleoenvironment
Their environmental setting is considered to be similar to the Missouri thrombolites.
Refer to that section for more information.
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Fig. 57. Reticulate thrombolite
within brecciated facies that is
burrowed and bored heavily with
organisms. Jefferson City-Cotter
Formation, 3476-7ft, Caldwell #1,
Rice Co., KS.

gastropods and bivalves
within a reticulate thrombolite

93

dendritic and layered

Fig. 58. A reticulate type thrombolite grades
1 cm

into a dendritic type. Jefferson CityCotter Formation, 3380-1ft, Truesdell
#11-05, Rice Co., KS.

reticulate
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layered thrombolite

Fig. 59. A thrombolite that grades between
reticulate and layered. SH-V type
reticulate thrombolite

stromatolite is at the bottom that becomes
erosional at the top before the thrombolitic
facies begin. Highly fractured.
The green shale is post-depositional

layered thrombolite
fracture fill. Jefferson City-Cotter
Formation, 3420-7ft, Truesdell
#11-05, Rice Co., KS.

reticulate and layered (?) thrombolite

layered thrombolite

erosional surface
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SH-V to flat

TOP

Fig. 60. Grading between
pseudocolumnar/flat to SH-V type and back
to pseudocolumnar/flat.

silicified

pseudocolumnar
to SH-V type

Some columns are silicified. Some have
anhydrite present within them. Jefferson
City-Cotter Formation, 3353-60ft, Matoush
#2, Ellsworth Co., KS.

pseudocolumnar to flat
SH-V

silicified

flat to pseudocolumnar

same as fig. 48
silicified anhydrite
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BOTTOM

SH-C

Fig. 61. A reticulate thrombolite
grades into a layered type before
becoming SH-C type stromatolite at
the top. Jefferson City-Cotter
Formation, 3450-1ft, Caldwell #1,
Rice Co., KS.

reticulate becoming layered at top
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0.5mm

Fig. 62. Layered thrombolite. Zoned, fine crystalline, euhedral dolomite that is filling in the
“laminar” vugs and is filled with hydrocarbons. 4X, PP, 3408ft, Jefferson City-Cotter Formation,
Caldwell #1, Rice Co., KS.
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CHAPTER 3
CONCLUSIONS
Microbialites from outcrop and subsurface
During the Early Ordovician, Kansas and Missouri were submerged in an epicontinental
sea, where 100s of meters of carbonates were deposited (Wilson et al, 1991; He, 1995; Franseen,
2000; Overstreet et al, 2003). These microbialite textures that were observed in the outcrops of
Missouri were similar to those observed in the subsurface of both Missouri and Kansas.

The most common types that have been observed were the SH-type stromatolites and the
reticulate-type thrombolites. The larger LLH-type stromatolites that occur in outcrop were not as
easily discernible in the cores as these are larger isolated heads greater than 1m in height and
width. So LLH-types are interpolated to occur in the subsurface as there are some thicker
sections of stromatolites which may be LLH-type (Fig. 26, 63) and also since the other types
occur in both the outcrop and the subsurface as well.

Silt and fossils were trapped between and within the stromatolitic laminae (Fig. 9, 10, 29b) in
those observed in both outcrop and cores. Some laminae are however present without any signs
of allogenic particles (Fig. 54, 55). Two likely explanations for this occurrence are: 1) the
allogenic particles were fully dolomitized, or 2) the laminae is formed through the precipitation
of carbonate crystals around algal filaments (Golubic, 1976; Floridian, Bahamian, and
Bermudian Stromatolites, Gebelein, 1976; Middle Proterozoic Altyn Limestone Stromatolites,
Horodyski, 1976; Northwestern Canadian Shield stromatolites, Hoffman, 1976a) and/or are
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noted to be algal due to the presence of peloidal fabrics (such as seen in Fig. 54). While fossils
were present amongst the laminae, they did not seem to be those that existed (i.e. were alive)
amongst the algae as there are barely any signs of boring and burrowing in the stromatolites. As
noted by many researchers who work with recent stromatolites (Logan et al, 1974; Feldmann and
McKenzie, 1998), burrowing and boring organisms tend to avoid hypersaline and/or evaporative
conditions (as is prevalent of this paleoenvironment, Ross, 1976; Webby, 2002) and generally do
not seem to occur shallower than in subtidal settings. This allows these algae to flourish and
create these structures.

Silicified stromatolites are also abundantly found in both Missouri and Kansas (Fig. 5,
25, 50, 60). This silicification is considered to have occurred due to the influence of low-pH
meteoric waters which also enhances dolomitization (Badiozamani, 1973; Truswell and Eriksson,
1975). These meteoric waters came about with the onset of the Early Ordovician regression that
exposed this region for several million years that is also responsible for the Upper Arbuckle
(Jefferson City-Cotter Dolomite) karsting (Franseen, 2000; Cansler and Carr, 2001). Meteoric
waters during the sub-Pennsylvanian karsting (Walters, 1987; Cansler and Carr, 2001) may also
have some implications here. Possible anhydrite and/or gypsum nodules that are now silicified
are present within laminae amongst the stromatolites (Fig. 26- 28, 60) that grew in the supratidal
environment are also found to occur in all regions. Thus, these similarities point out that the
environments in which these stromatolites grew in were similar.

The different types of thrombolites such as the dendritic and layered types were not
observed in the outcrops. However, they were still present in Missouri as observed from the Well
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Fig. 63. LLH? type stromatolite, Roubidoux
Formation, 644ft, Well H-13, Stone Co., MO.
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core H-13 (Fig. 13, 15-16, 39-40). Overstreet et al, 2003 also noted the lack of thrombolites in
the outcrops. They are also present in the Gasconade Formation in Missouri (Parcell, 2009). The
grading between thrombolitic types and from thrombolite to stromatolite were also not observed
at the outcrop, but again they were present in the cores (Fig. 13, 16, 41-42, 58-61).

The brecciation near the top of the Jefferson City-Cotter was also not observed in the
outcrops. This karsting/brecciation was mostly widespread in the Kansas subsurface (Walters,
1987; Franseen, 2000; Cansler and Carr, 2001) rather than the Missouri core. This is because
there are more deposits above the Jefferson City-Cotter Dolomite in Missouri (Fig. 1) with no
unconformity that occurred till after the Smithville Formation leading to the deposition of the St.
Peter Sandstone (McCracken, 1955, Fig. 2; Franseen, 2000, Fig 4).

Comments on morphology and environment of deposition
While there is no modern analogy to this ancient supratidal to subtidal ramp profile, ideas
from previous studies on existing modern marine settings were used to interpret morphology
which is a factor that is directly related to their environment of deposition of these Missouri and
Kansas microbialites.

The study on the Hamelin pool in Western Australia by Logan et al (1974) and Hoffman
(1976b) shows that bioherms of stromatolites of large LLH-type tended to grow in areas that are
fully exposed to waves where these large columns can grow to heights of 1m and up to 1m in
diameter similar to the Westphalia, Missouri bioherms (Fig. 3). These Hamelin pool stromatolites
grew on cemented crusts and coalesced to form these large structures (this coalescing was also
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noted by Planavsky and Ginsburg, 2009 in the Bahamian microbialites). Those stromatolites with
discrete columnar structures (eg. digitate or SH-V type) grew where wave and tidal scour is
strong. This is observed as space present between the stacking laminae or between each stacked
stromatolite head (Fig. 4, 27) where the space in between them have allogenic sediment present
(Fig. 10). They also grew to be about 0.5m in height in the bight areas in the Hamelin pool, while
those in Westphalia, Missouri were about 0.2m in height. The pseudocolumnar stromatolites in
Missouri and Kansas are found to be similar to the stratiform cryptalgal sheets of the Hamelin
pool. The Australian stromatolites tended to form in areas where waves or currents are weak
enough to allow mats to colonize loose sands. Thus they can end up forming in the lower and
upper intertidal zone, lower supratidal zones, and in poorly and well drained depressions and
ponds. A main evidence of this is the fenestral porosity and mudcracks (similar to those found in
the Kansas Matoush #1, Fig. 48).

It should however be noted that there have been studies that have found the morphology
of stromatolites can also have been influenced by the taxonomy of the algae producing these
structures (Serebryakov, 1976). These were noted due to various morphologies present in similar
environments of deposition and vice-versa; similar morphologies in different environmental
settings (Serebryakov, 1976). This was not a part of this study, but is noted here to make the
reader aware that morphological changes can be caused by biotic means and add to the different
number of factors that influence the creation of these structures.

A previous study by Parcell (2002) on the Jurassic Smackover Formation is compared in
interpreting thrombolitic morphology and environment of deposition. According to that study,
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where Reitner’s (1993) modern analogue of the microbialites in Lizard Island in Australia were
used, these microbial buildups initially grew on hard ground and tended to be close to continental
influx where calcification of microbes were favored due to the weathering of silicates and
feldspars that increased water alkalinity. While there were no feldspars present in Missouri and
Kansas samples, suggesting a far off source, these microbialite growth patterns are similar to
those of Lizard Island. Layered thrombolite structures (Fig. 61) were observed to grow in this
manner related to low sedimentation rates and low to moderate energy levels allowing for a
lateral growth similar to stromatolites (Fig. 39). While the reticulate type thrombolites grew in
this manner due to slightly elevated background sedimentation rates with moderate energy
settings allowing for a nearly equal lateral and vertical growth (Fig. 14, 37). Finally, the dendritic
form grew in this manner due to higher sedimentation rates and moderate energy levels allowing
for a strong vertical growth (Fig. 16, 58). Another study by Planavsky and Ginsburg (2009)
suggested a different type of formation for microbial created clotting. This study suggested that
these clottings were secondary. “A stromatolitic structure was the initial deposit created by
cyanobacterial sediment trapping and binding processes. Initial cementation, bioturbation, and
erosion occurred next. Later, extensive cementation, crystal alteration, and further bioturbation
resulted in the thrombolitic structure,” Planavsky and Ginsburg (2009). These Bahamian
microbialites are similar to those thrombolites found in the Arbuckle Group in that they have
allocthonous sediment present in the surrounding fabric (Fig. 14) and have a layered,
stromatolitic-type fabric present amongst the clotting (Fig. 31, 33, 58). A similar method of
thrombolitic formation was also noted by Braga and Martin (1995) in the microbialites of
Southeast Spain.
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Cycle types
The occurrence of microbialite structures are placed within a cyclical stratigraphic
framework. These meter-scale cycles are closely related to several factors including
sedimentation rate, subsidence, and eustatic sea-level change (Read et al, 1991; Overstreet et al,
2003). Previous studies recognized meter-scale shallowing-upward cycles dominate CambroOrdovician strata of Missouri (He, 1995), which range from 60-120 meters in thickness in
Southern Missouri (Overstreet et al, 2003) and 1-5m thickness near the Central Kansas Uplift
(Franseen, 1994; 2000). This cyclical study was only conducted on the Missouri outcrops and
core with a closer look at the microbialites present within these cycles.

Core from well H-13 intersects the Gasconade to the Jefferson City-Cotter Formations
and was used as a guideline for the outcrops. The general composition was dolomite, sandy
dolomite, sandstone, and cherty dolomite. Compositions of the cycles along with their
thicknesses varied with region and through geologic time. Individual meter-scale cycles are
subdivided into subtidal, intertidal, and supratidal environments. Three general cycle types (Fig.
68) were defined based on depositional environment:

1) subtidal deposits that grade into intertidal deposits
2) subtidal deposits that grade into supratidal deposits
3) intertidal/supratidal deposits that grade into supratidal deposits.

1. Type 1 cycles have deposits that can range from mudstones to packstones. They are
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subtidal deposits below that grade into intertidal deposits. These can contain subtidal
LLH-type stromatolites (Fig. 3) whose heads are mostly seen as vuggy holes (i.e. low
preservation) and they can grow up to 2m in height and 3m in width. The intertidal
stromatolites are of SH-V (Fig. 4) or digitate types where each head can grow up to 0.7m
in height and 0.4m in width and local silicification (Fig. 5) can occur. Chert nodules and
layers are also abundantly present. Some present in the subtidal portion as transgressive
lag deposits and others as just fragments. These type 1 cycles have four lithofacies:

a) (Fig. 66) Massive mudstones to wackestones with transgressive lag deposit that
consists of intraclastic chert nodules, ooids, and sub-angular to well-rounded, very fine to
fine detrital sand. These grade into stromatolitic packstones at the top of the cycle. These
stromatolites trap very fine, sub-rounded detrital silt and micritized fossil fragments.
Hydrocarbons and pyrite are observed within pores that are “laminar,” intercrystalline,
and vuggy.

b) (Fig. 66) Large LLH-type stromatolitic wackestones to packstones develop in the
subtidal facies with interbedded chert layers and nodular chert. These lithofacies grade
into very well sorted, sub-angular to well rounded, very fine channel sands with oolitic
cross bedding.

c) (Fig. 65) Oolitic packstone with some silicified ooids is in this subtidal portion. Chert
nodules are also present. Some algal material is found locally with trapped sub-angular to
well-rounded, fine to medium detrital sand. This fabric grades into LLH-type and SH-C
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type stromatolites some of which are growing on muddy mounds (Fig. 23). The LLHtypes reach a height of 0.7m and 1.5m width. Trapped within their laminae are very fine
detrital sand and silicified forams. Some of these have pores filled in with chalcedonic
splays (Fig. 28) that are interpreted to have replaced evaporites (McBride and Folk,
1977). These stromatolites show several stages of silicification and dolomitization.

d) A burrowed mudstone with a green, calcareous shale at the bottom. This can contain
laminae or partings that alternate between white, green, and orange (Thompson, 1991).
Pyrite as well as fossils, burrows and stromatolites are common. This facies grades into a
thinly bedded wackestone with sparsely scattered vugs or holes. Elongated chert nodules
and tripolitic chert layers also occur.

2. Type 2 cycles have deposits that can range from mudstones to packstones. They are
subtidal deposits below that grade into intertidal deposits which in turn grades into
supratidal deposits. These can contain thrombolites and stromatolites. The thrombolites
can grow up to a height of 1.2m and 2.7m width. The intertidal stromatolites are of SH-V
or SH-C types, while the supratidal stromatolites are pseudocolumnar. Chert nodules and
fragments are abundantly present. In the Jefferson City-Cotter, chert nodules are common
enough to constitute about 1% of the volume (Overstreet et al, 2003). These type 2 cycles
have two lithofacies:

a) (Fig. 16, 41, 65) Mottled wackestones to packstones form the subtidal portion which
includes very fine, well-rounded detrital sand and chert. The mottled texture is interpreted
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to be from burrowing of fossils and there are rounded burrows/bores that are now filled in
with dolomite, chert, or chalcedonic drusy quartz. Locally bulls eye type chert which has
alternating bands of chert and dolomite occur (Thompson and Robertson, 1993). The
supratidal portion consists of brecciated chert clasts, chert nodules, and cauliflower chert
(interpreted to have replaced evaporites, Thompson, 1991; Overstreet et al, 2003) and
contain sandy lenses.

b) (Fig. 64) Peloidal mudstones and wackestones make up the subtidal portion. Green
shales or erosional layers with intraclasts usually comprise the bottom of the cycle.
Thrombolitic buildups develop on this horizon. These thrombolites include reticulate,
dendritic and layered growth forms. Many outcrop exposures of thrombolites are of the
reticulate type (Fig. 31-33). These thrombolites are highly burrowed and bored into by
gastropods and bivalves, and trace fossils (Fig. 34) are also present amongst them. These
burrows and bores are sometimes filled in with micrite (Fig. 33b) or chalky-type
chalcedony. These thrombolites grade into stromatolitic types of SH-C (Fig. 61) and SHV where they can be locally silicified. Pyrites and other sulfides can be present amongst
them. These stromatolites in turn grade into oolitic shoals with round to angular chert
fragments or tidal flat laminites that locally contain pseudocolumnar stromatolites that
can occasionally look like mud-chips and can contain mudcracks. Several repetitions of
these cycles are seen in the H-13 core (Fig. 59).

3. Type 3 cycle deposits range from mudstones to packstones. Environments of deposition
range from intertidal to supratidal. Peloidal wackestones make up the intertidal sections
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with occurrences of SH-C, SH-V, and LLH-type stromatolites. Glauconite is observed in
some of the thin sections suggesting lower sedimentation rates (Scholle and UlmerScholle, 2003). The supratidal portion can contain tidal flat laminites with local flat to

pseudocolumnar stromatolites. These contain chicken-wire or anhydrite nodules that are
now silicified. Fossils occur amongst the laminae. Sandy beds with rare oolites and chert
also occurs. The sand is well coarse, well rounded, and medium to well sorted.
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Note: There is no fault present. It is simply the panoramic view.

Formation, Hollister, MO.

Fig. 64. Type 2b cycle with the thrombolitic facies grading into tidal flat laminites. Jefferson City-Cotter

Fig. 65. Cycle types 1c and 2a. Jefferson City-Cotter Formation, Westphalia, MO.
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Fig. 66. Type 1a and 1b cycles. Roubidoux Formation, Westphalia, MO.
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Fig. 67. Schematic diagram of the paleoenvironment during the Early Ordovician in Missouri
and Kansas region. Thrombolitic and stromatolitic bioherms grew on a gently sloping ramptype profile.
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TYPES OF CYCLES

Fig. 68. Cycle types; Type 1 – Subtidal to Intertidal, Type 2 – Subtidal to Supratidal, Type 3 –
Intertidal/Supratidal to Supratidal
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Fig. 69a. Westphalia
section – Roubidoux
Formation. Thicknesses in

Roubidoux Formation

meters.
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Fig. 69 (contd). (b) Westphalia
section –Jefferson City-Cotter
Formation.

Jefferson City-Cotter Formation

Thicknesses in meters.
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Fig. 70a. St. Robert’s section –
Roubidoux Formation.
Modified from Thompson, 1991.

Roubidoux Formation

Thicknesses in meters.
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Fig. 70 (contd). (b) St. Robert’s
section - Jefferson City-Cotter

Jefferson City-Cotter Formation

Formation. Modified from
Thompson, 1991.
Thicknesses in meters.
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Jefferson City-Cotter
Formation
Fig. 71. Hollister section – Jefferson City-Cotter Formation. Thicknesses in meters.
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Fig. 72a. Well H-13 Roubidoux Formation.
Adapted and modified

Roubidoux Formation

from Overstreet, 2000.
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Fig. 72 (contd). (b) Well H-13 –
Jefferson City-Cotter Formation.
Adapted and modified from
Overstreet, 2000.
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Sequence Stratigraphy and Discussion
These cycles are similar to those observed by Overstreet et al (2003). While their cycles
are mainly divided using thickness of the subtidal versus peritidal portions, the cycles in this
study are solely based on the type of environment present in regardless of thickness, where
microbialites were used to interpret these environments. Facies changes and/or sharp or erosional
boundaries distinguish the tops and bases of cycles (Fig. 69-73).

Shorter cycles are present within the Roubidoux Formation (Fig. 73a) with cycles ranging
from 0.8m to 5m and cycle type 3 is the most prevalent with most of the shallower microbialites
as the main constituents. Cycle type 1b is also common due to the sands present in the
Roubidoux (also noted by Thompson and Robertson, 1993), making this a siliciclastic-carbonate
setting (Overstreet et al, 2003). The Roubidoux also had more stromatolites present than
thrombolites. Some of these stromatolites were large LLH-type (Fig. 3) as witnessed from the
outcrops. This is in part to the seas that transgressed during this period of time (Chenoweth,
1968). There were fewer thrombolites present in that formation than in the Jefferson City-Cotter
Formation. It is interpreted that this maybe due to the higher sedimentation during the
Roubidoux times while these thrombolites preferred quieter environments with less
sedimentation for their growth. Cycles with subtidal deposits averaged about 3.53m thick, while
cycles with supratidal deposits averaged about 3.08m thick. Geographically, the Roubidoux
subtidal cycles get thicker and supratidal cycles get thinner southwards across Missouri.

The Jefferson City-Cotter had less sands present (also noted by Overstreet et al, 2003)
and from the core more thrombolites (Fig. 70b, 71, 72b) were found. It is interpreted that this
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region during the Jefferson City-Cotter time was in a deeper environmental setting than during
the Roubidoux in Missouri. Several thrombolites were also noted in the Kansas region (Fig. 5759, 61). All microbialite types were observed during this period as well. Cycles with subtidal
deposits averaged about 4.46m thick, while cycles with supratidal deposits averaged about 3.41m
thick. Geographically, the Jefferson City-Cotter subtidal cycles’ thicknesses remained relatively
the same southwards.

In the study conducted by Overstreet et al (2003), these stratigraphic cycles were grouped
into sequences. According to Unklesbay and Vineyard (1992), such sequences are of the thirdorder with depositional cycles being fourth and fifth order (Overstreet et al, 2003). Cycle types 1
and 2 contain subtidal deposits while cycle type 3 is dominated by supratidal deposits. Where the
subtidal deposits represent more of a transgressive systems tract (TST) (Fig. 73), the supratidal
deposits represented a highstand systems tract (HST) (Fig. 73). In Overstreet et al’s (2003) study,
lowstand systems tract (LST) were not identified due to a lack of erosional surfaces and it is not
used in this study either since this is in a gently sloping ramp-type profile.

The sequences portrayed in this study use the outcrops and core from Missouri (Fig. 73a).
The Roubidoux Formation contain smaller cycles within the TST-HST sequence of which most
were cycle types 1b and 3. The bottom of the TST portion consisted of sands, oolites, and/or
algal mats that became LLH-type or SH-V type stromatolites. The top of the TST contains
layered thrombolites followed by dendritic type. The reticulate thrombolites were rare and is
interpreted to be so because of more sedimentation present in the Roubidoux. The bottom of the
HST portion consisted of reticulate thrombolites that graded or were followed by layered
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thrombolites. The SH-C type stromatolites followed by algal mats, oolites, and/or sand made up
the top portion of the HST.

Larger cycles make up TST-HST sequences in the Jefferson City-Cotter Formation (Fig.
73a) of which most were cycle type 2. The TST sequence in the Jefferson City-Cotter Formation
is well formed in the Westphalia and Well H-13. The bottom of the TST portion consisted of
sands, oolites, and/or algal mats that became SH-V type stromatolites. The top of the TST
contains reticulate and layered thrombolites. The bottom of the HST portion consisted of
burrowed mudstones to wackestones followed by reticulate thrombolites that graded or were
followed by layered thrombolites. Algal mats, oolites, sand, and/or mudcracks made up the top
portion of the HST.

These cycle and sequence thicknesses account for accommodation present during the
Early Ordovician. In the Roubidoux, the subtidal cycles get thicker and the supratidal cycles get
thinner southwards while in the Jefferson City-Cotter Formation the thickness remains the same
southwards (or southwestwards) as mentioned before. The number of cycles in the Roubidoux
increases as well from 3 cycles in a sequence in the Westphalia outcrop to 8 cycles in a sequence
in the Well H-13. According to Overstreet (2000) and Overstreet et al (2003) studies, the
sequences become thicker as well in this southwestward direction. Thickness increase towards
the south is interpreted to be due to proximity to the Arkoma Basin depocenter (Overstreet et al,
2003).
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These cycles are interpreted to occur due to eustatic sea-level rise and fall at each cycle
level which in turn is influenced by accommodation space changes creating the larger sequences
of TSTs and HSTs. A rise in relative sea-level creates subtidal cycles that are dominated by
thrombolitic and larger LLH-type stromatolites, as well as peloidal wackestones and burrowed
mudstones. While a fall in relative sea-level creates supratidal cycles that include algal mats with
fenestral and anhydrite nodules present, chert nodules that replaced evaporites, and mud cracks.
These are all similar findings to Overstreet (2000) and Overstreet et al (2003) studies.

Arbuckle microbialites grew in a passive region on a very gentle sloping ramp-type
environment that stretched for 100s of kilometers (Fig 67; Franseen et al, 2004). It is interpreted
that the microbialites in Missouri obtained their sediments mostly from the Pre-Cambrian
igneous Ozark Dome and St. Francois Mountains (Fig. 2) in southeast Missouri as well as the
Canadian Shield to the North (Overstreet et al, 2003). The Arbuckle in Kansas likely received
sand from the buried hills that once stood close to sea-level in the Central Kansas area (Moore,
1918) and possibly also from the Transcontinental Arch that is present Northwest to Kansas
during the Early Ordovician (Ross, 1976; Blakey, 2003). Some of these stromatolites preferred to
grow on muddy mounds (Fig. 23), but paleotopography along with irregularities in the
underlying sediment gave them a place of origin for their growth spurts (Fig. 52, also noted by
Monty, 1976 on recent deposits; Hoffman, 1976b; Gebelein, 1976; Horodyski, 1976).
Oversedimentation such as in channel sands or oolitic shoals were hardly areas of these algal
growths as they do not occur in any siliciclastic setting. Glauconite present amongst these
microbialites was further evidence that these algal/bacterial created deposits preferred periods of
lower sedimentation rates for their growth.
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B.
Fig. 73. Sequence stratigraphy in Missouri.

A. Well H-13.
B. Generalized for all of Missouri samples.

A.
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Dolomitization
Heavy dolomitization as witnessed by many (Howe, 1966; Wilson et al, 1991; Franseen,
2000; Overstreet et al, 2003) occur in the Arbuckle Group. A complex paragenetic pattern was
found to occur within the Bonneterre Formation of the Early Cambrian period (Woody et al,
1996) where several stages of dolomitization were observed, but were not completely fabric
destructive (Franseen et al, 2004; Parcell, 2009) as seen in the various figures in this paper. Some
authigenic and allogenic particles were still visible (Fig. 9-10, 19, 29, 44-45, 54-55). A late
burial-stage diagenesis was witnessed by Woody et al (1996) and is observed as non-planar
dolomitic textures such as in Fig. 10, 11, 12, 19, 20, 29, 44-45, 54-55.

Original fabric deposited was mostly calcitic limestone (Fig. 20), but early stage
dolomitization occurred which was a preference of these organic-rich laminae of stromatolites as
explained by McKirdy, 1976. He explained that the interaction between the organic matter which
was in the form of fatty acids, amino acids, and humic compounds with the surfaces of mineral
grains allowed these algal material to easily dolomitize as this organic matter can act as a source
of magnesium for dolomite (McKirdy, 1976). This early-stage dolomite is characterized by
planar dolomitic textures (Woody et al, 1996) such as in Fig. 21, 62. Other evidence of this early
stage dolomitization can be noted in Fig. 28a where dolomite rhombs are present within the chert
and the micron size (<0.01mm) of the dolomite is also indicative of early reflux dolomitization
(Franseen, 1994; Steinhauff et al. 1998).

Reservoir quality
Laminated stromatolites having vuggy “laminar” pores had an average porosity of 22%
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and up to 1,300mD permeability, while thrombolitic textures had an average porosity of 7.3%
and up to 72mD permeability (Table 1). Stromatolitic textures had a greater reservoir quality in
terms of porosity and permeability, but they occurred in isolated patches whereas the
thrombolitic textures had a greater areal extent of about 2 or more miles. However, they would
only serve as a good reservoir if they were capped by tight algal mats that may have been
silicified or by shale present in the cycle above. These microbialites occur within a cycle
thickness of up to 3m.

Another reason for a lack of pores may be due to the late burial-stage dolomitization
which creates pervasive nonplanar dolomite textures (Woody et al, 1996). Unless there are
sufficient fractures, channels, and large vugs, these pores are not connected (Woody et al, 1996).
Gregg et al (1993) noticed a reduction in porosity from an average of 19% to 4% in the
Bonneterre Dolomite due to cementation related to Mississippi Valley Type (MVT) burial fluids
mineralization (Woody et al, 1996). MVT deposits are also observed in the rocks in this study by
the presence of pyrite and other sulfides.

Conclusions
Several types of microbialites occur in the Arbuckle Group in Missouri and Kansas
including thrombolites, stromatolites, and algal mats. Dolomitization has overprinted original
lithologies but have not been completely destructive. Some of the original fabrics and
sedimentary structures are still identifiable. The degree and size of the dolomite crystals pertain
to the original textures where fine to medium crystalline dolomite is related to mudstones and
wackestones, while medium to coarse crystalline dolomite is related to packstones and
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grainstones.

Factors that have been studied were facies, sedimentary structures and textures for
characterizing microbialites that occur here and then those were used to aid in interpreting their
depositional environments. All other Arbuckle Group equivalents like the Beekmantown and
Upper Knox Group of the Appalachian Basin and the Ellenburger Group in Texas are composed
of shallowing-upward subtidal to supratidal cycles of various types and scales (Loucks et al,
1985; Montañez and Read, 1992 respectively) similar to the strata studied in this research. These
cycles can range from 0.6m to 10.6m. Various types of these microbialites occur within these
cycles. They all occur within carbonate facies and none were found within siliciclastic units.

Only the LLH, SH-V and SH-C type stromatolites were observed in outcrop, while
pseudocolumnar and algal mats were also observed within the cores. Thus they can be found in
both Missouri and Kansas. These microbialites mostly occurred within wackestone to packstone
facies. Their depositional environments ranged all the way from the subtidal to the supratidal and
could be found in any part of the cycles. All these different types occurred in both Roubidoux
and Jefferson City-Cotter Formation.

On the other hand, only a reticulate-type thrombolitic structure was found in the outcrop,
while dendritic and layered types were found within the cores. The cores also showed gradation
between thrombolites and between thrombolites and stromatolites where thrombolites mostly
occurred at the bottom of a cycle followed by stromatolites above it. Their depositional
environments were mostly within the subtidal to lower intertidal range since they were mostly
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found within mudstones and wackestones with less sub-aerial features. These thrombolites also
tended to occur mostly within the Jefferson City-Cotter Formation and less in the Roubidoux
Formation.

The cycles that these microbialites occurred in were within a cyclical shallow marine
environment. They are grouped into three cycle types. Type 1 deposits include subtidal
mudstones to packstones that graded into intertidal stromatolites unless they were the LLH-type
which occurred in the subtidal. Type 2 deposits include subtidal mudstones to packstones,
sometimes with thrombolites (that mostly formed at the base of the cycle, similar to Shapiro and
Awramik, 2006) that graded into supratidal facies. Type 3 deposits include intertidal or supratidal
facies that graded onto supratidal facies.

In a transgressive-regressive sequence, thrombolites grew during the height of the TST
and at the beginning of the HST, during periods of lower sedimentation. The stromatolites grew
in shallower conditions occurring right before the thrombolites in the TST sequence and after the
thrombolites during the HST sequences.

When it comes to reservoir quality, the stromatolitic facies had a greater porosity average
and a greater permeability due to their “laminar” vugs, while the thrombolitic facies being tighter
were more spread out and formed reefs of greater extent as observed from the outcrops.

Although beyond the scope of this thesis, further research should conduct a closer
analysis of reservoir quality of these fabrics using core plugs and draw comparisons to what is
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observed in thin sections. Such a study would allow for analysis of vertical and horizontal
porosity and permeability trends in the Arbuckle Group.
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Table 1. Average Porosity of Stromatolites vs. Thrombolites
Location

Stromatolites

Thrombolites

Missouri Outcrop:
Westphalia
Missouri Core:
H-13
Kansas Core:
Caldwell #1

15.83%

None found

None examined

7.38%

22.25%

None examined

Analysis of Porosity vs. Permeability

LEGEND

- KS Microbialites (stromatolites)
- MO Microbialites (stromatolites)
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- MO Subsurface Microbialites
(thrombolites)

Glossary of descriptions of microbialites
These microbialite terms are adapted from Logan et. al (1964) and are described using Preiss
(1976) field descriptions. Due to a lack of clear definition in the literature, these microbialites are
described in the text to reduce confusion.

Stromatolite – An organosedimentary, laminated structure that is laterally continuous in its
laminations where these laminae possess definable boundaries or contacts with other
stromatolites. These laminae are created by the trapping or binding of sediment and fossils,
and/or by the carbonate-precipitating activity of microbial communities, primarily blue-green
algae (Kalkowsky, 1908; Aitken, 1967; Awramik et al, 1976).

Thrombolite - A “cryptalgal structure that is related to a stromatolite but lacking lamination and
characterized by a macroscopic clotted fabric” (Aitken, 1967). Walter and Heys (1984)
concluded that these thrombolitic structures were created by the disruption of stromatolitic
laminae that were caused by the burrowing and boring by organisms. However, Kennard et. al
(1986) argued that these structures are primary features and are actually created by the in-situ
calcification of coccoid-dominated microbial communities.

Stromatolites – Microbially created organosedimentary structures that have laminae that
alternates with layers of sediment and is created by accretion
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Thrombolites – Microbially created organosedimentary structures that have a clotted fabric
texture

LLH – Laterally linked hemispheroids. Domed stromatolites that are bioherms and are greater
than 1m in thickness and width

LLH-S – Laterally linked hemispheroids that have a space between each head.

LLH-C – Laterally linked hemispheroids that are closely spaced between heads. These can have
heights ranging from cm-m.

SH – Vertically stacked hemispheroids. Domed stromatolites that are smaller than 1m in height
and width

SH-C – Vertically stacked hemispheroids whose laminae reach the base from where it is growing
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SH-V – Vertically stacked hemispheroids whose laminae does not reach the base and it is
variable enough that sometimes it creates a bridge with the next head

Pseudocolumnar – Stromatolites that have mostly flat laminae that may sometimes be undulatory

Reticulate thrombolite – Thrombolite whose clots are arranged in a random arrangement

Dendritic thrombolite – Thrombolite whose clots are arranged in a branching texture

Layered thrombolite – Thrombolite whose clots are arranged in layered texture that looks similar

to a stromatolite
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Locations
In Kansas:
1. Caldwell #1 (API #: 15-159-20472) by Northern Natural Gas, Rice Co., KS, NE1/4,
NE1/4 of 2 T20S R8W. The intervals identified include: 3380ft-3480ft.
2. Matoush #2 (API #: 15-053-20211) by R. M. Edwards, Ellsworth Co., KS, C SW1/4,
SE1/4 of 17 T16S R10W. The interval identified include: 3300ft-3405ft.
3. Truesdell #11-05 (API #: 15-159-20603) by Northern Natural Gas, Rice Co., KS, SE1/4,
SE1/4, NW1/4 of 11 T20S R8W. The intervals identified include: 3280ft-3428ft.
4. Keja #1-3 (API #: 15-195-22357) by Murfin Drilling Co., Inc., Trego Co., KS, E1/2,
NW1/4, SW1/4 of 3 T11S R21W. The interval identified include: 3706ft-3762ft.
In Missouri:
1. Westphalia, Osage Co. – US Highway 63, SW1/4, NE1/4 of 35 & SW1/4 of 36 T43N
R10W.
2. St. Robert’s, Pulaski Co. – I-44 intersection, NE1/4, NE1/4 of 30 T36N R11W.
3. Hollister, Taney Co. - NE1/4 NW1/4 of 17 T22N R21W.
4. Hollister – 1 mile marker between Branson and Hollister on US Highway 65, SE1/4,
SE1/4 of 5 & NE1/4 NE1/4 of 8 T22N R21W.
Well core – H-13, Stone Co., MO. - T26N R22W. The interval identified include: 190ft-660ft.
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