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Onlap Unit

The onlap unit is composed of a dark gray, partially crystalline, dolomitized mudstone
with pellets, intraclasts and quartz silt grains (Figure 26). Fossils can be seen in thin section and
in hand specimen. Fossils include brachiopod and trilobite fragments, crinoid stems,
gastropods, nautiloids, ostracods, sponges, Calathium, algae and Nuia. This unit is deposited on
the basal unit and onlaps up onto the bioherm unit. This unit also occurs in channels between
the bioherm unit (Figure 27). This unit was deposited in a shallow water environment, above

normal wave base, as indicated by the high diversity of fossils and intraclasts.

Figure 26. Onlap unit deposited up against bioherm unit.
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Figure 27. Channels between the bioherm unit filled with the onlap unit.

Intraclastic Unit

The intraclastic unit occurs within the onlap unit. The matrix is a dark gray while the
intraclasts are a light gray. The unit is a partially dolomitized, intraclastic wackestone with
sparse trilobite fragments, Nuia and quartz silt grains (Figure 28). Intraclasts are elongate,
rounded to sub-rounded, composed of pelletal micrite and have dimensions of 3-15 millimeters
and 2-7 millimeters. This unit was deposited in a shallow water environment, above normal

wave base, as indicated by the high percentage of Intraclasts.
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Figure 28. Intraclastic unit deposited within onlap unit.

Bioherm Unit

This unit consists of light gray mudstone and algal wackestone with a pelletal micrite
matrix (Figure 29). Some of the unit is partially to highly dolomitized and can be partially
crystalline. Biota in the bioherm unit includes sponges, Calathium, trilobite fragments,
brachiopods, gastropods, ostracods, echinoderms, algae and Nuia. Nuia may be the source of
some of the pellets (Morgan, 1988). The unit is weathering out in relief. Bioherms include
thrombolites and stromatolites. The bottom of the bioherm unit contains the algal wackestone
while the top of the bioherm unit contains sponges and Calathium. Fossils of sponges,
Calathium, echinoderms, trilobite fragments and gastropods can be seen on the bioherm
surfaces. This unit was deposited in a shallow water environment, above normal wave base, as

indicated by the formation of the bioherms themselves.



46

Figure 29. Top surface of the bioherm unit.

Overlying Unit

The overlying unit was not studied in detail with thin sections but the unit was studied in
the field. This unit is a medium gray limestone and has strong evidence for being deposited in a
high-energy environment, proximal to the shore, as it contains intraclasts, ripple marks and

dune features (Figure 30).
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Figure 30. A sink hole displaying some of the rock unit types. The bioherm unit is the light gray

rock in the picture and the overlying unit is the medium gray limestone on top. Notice the dune
shape of the overlying rock indicating a high-energy, shallow environment.

Stratigraphy

From the five rock unit types and their spatial relationships, relative sea level can be
determined (Figure 24). The basal rock unit represents a time of moderate sea level, with the
top surface of the basal rock unit signifying a transgressive surface. The bioherm unit
corresponds to a time of rising sea level. Within the bioherm unit a maximum flooding surface
occurs signaling the shift from a transgression to a regression. This regression is represented by
a shallowing upward package from the bioherm unit through the overlying unit. Together these
five rock unit types most-likely represent a few tens of thousands of years.

Paleoecological Setting

When the basal unit was deposited trilobites and algae dominated the biota. As sea
level transgressed conditions allowed for the formation of the bioherm unit. The main frame
builders of these bioherms were algae (Figure 31), Calathium (Figures 32, 33, 34) and sponges

(Figures 35, 36).
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Figure 31. Two stromatolites within the bioherm unit.

Figure 32. Longitudinal view of Calathium on the bioherm unit. Notice how the Calathium is
narrower at the bottom then the top.
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Figure 34. Longitudinal view of art of a Calathium specimen on the bioherm unit. Notice the
mesh network.
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Figure 35. Two sponges growing on the biohe'm“nit.

Figure 36. A sponge growing on the bioherm unit.

During the Early Ordovician, when the shallow, passive-margin sea covered the area,
water conditions allowed algae to stabilize the substrate of the basal unit. The algae began to

trap and bind sediment making favorable conditions for other biota to live in the area. Sponges
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and Calathium joined the algae and, acting as baffles, trapped sediment, building up the
bioherms. Other organisms, such as trilobites, brachiopods, echinoderms, gastropods (Figure
37), ostracods and nautiloids (Figure 38) found at the site, form the group of accessory
organisms that found the bioherms a favorable environment to live on and around. As the
bioherms grew they shed sediment that was deposited adjacent to the bioherms, forming the

onlap unit. The environment was of a higher energy as observed by the intraclastic unit.
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Figure 37. A gastrpod on the onlap unit. Several centimeters in diameter.



Figure 38. Straight shelled nautiloids seen on the onlap unit.

Higher energy conditions and a shallower sea level caused the bioherms to cease

growth as sea level continued to regress and the overlying unit was deposited.
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DISCUSSION

Warm, shallow-water organic buildups of the Early Ordovician were biotically relatively
simple. The main frame-building organisms were lithistid sponges, Calathium and algae.
Lithistid sponges and Calathium acted as baffles, trapping sediment while algae acted as the
binding organism. Accessory organisms included brachiopods, cephalopods, trilobites,
echinoderms, gastropods, ostracods, algal remains and conodonts.

The organic buildups were relatively small-scale structures that never attained
appreciable height above the sea floor substrate. Formation of organic buildups was dependent
on local conditions. Organic buildups were typically 1-3 meters in height, several meters in
width, with length variable, depending on location. Some organic buildups did attain
appreciable size. The largest organic buildup, 20 meters in height and 53 meters in length, is
found in the Arbuckle Group in Oklahoma. Organic buildup extent was dependent on the local
conditions where the organic buildups were formed. Some organic buildup horizons extend for
hundreds of meters, as in western Utah, while others had a limited lateral extent, a few 10s of
meters, as in Northern Utah.

Organic buildups are generally massive to faintly laminated and are composed of
mudstone to wackestone to packstone and boundstone limestone. Large in situ organisms are
found on the organic buildups, while internally they are found as skeletal components. Small
stromatolite structures are found associated with the organic buildups. Mound rock is generally
light colored and has a sharp contact with off-mound, darker-colored limestone. The
intermound rock is generally thin bedded and is composed of skeletal packstone to grainstone,
except in the Garden City Formation where it is a partially crystalline mudstone to intraclastic

wackestone with skeletal components. Intraclasts are the most common non skeletal
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component. Channels dissect the organic buildups. Channels are less than a meter wide and
can be several meters deep. Packstones fill the channels in some formations and, in the Garden
City Formation, partially crystalline mudstones fill the channels. Limestones lie above and below
the organic buildup horizons except in western Utah where shales lie above and below. These
organic buildups grew in shallow-water conditions, much like those of the present day Bahama
Banks.

Cold-water organic buildups from Russia differ from warm-water organic buildups by their
general morphology. These cold-water organic buildups have a calcareous-clay composition.
The mound core is composed of clay topped by a carbonate cap and overlain by a hardground
surface. The mounds are several meters long and generally less than half a meter in height.
Formation of the organic buildups was by dense concentrations of sessile siliceous sponges.
Accessory organisms included brachiopods, echinoderms, ostracods, pelmatozoans, bryozoans

and conodonts.
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SUGGESTIONS FOR FUTURE WORK

Additional studies that need to be conducted on Early Ordovician Organic buildups
include identifying organic buildups on other parts of the Laurentia and Siberia continents as
well as other land masses of the Early Ordovician to better characterize organic buildups of this
time period.

Additional studies that need to be conducted on the Garden City Formation and the
bioherms include a study on the sequence stratigraphy of the formation. A sequence
stratigraphic study would identify other bioherm horizons and allow for the understanding of
how the bioherms changed over time and what is controlling their formation and cessation of
growth. Further study needs to be conducted on the lower bioherm unit exposed in Boss
Canyon. Individual bioherms need to be mapped in order to understand their spatial
distribution and extent. Mapping could be conducted using an RTK unit or remotely-sensed
imagery. A more in-depth study on the biota contained in and on the bioherms needs to be

conducted as this study was limited by field weather conditions.
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CONCLUSIONS

Organic buildups of the Early Ordovician had very similar characteristics although some
were formed in warm shallow waters and others in cold waters. The main frame building
organisms of organic buildups consisted of algae, lithistid sponges and Calathium in present day
North American while in Russian they consisted of sessile sponges. The organic buildups
provided a favorable environment for a diverse assemblage of accessory organisms that
included brachiopods, ostracods, echinoderms, gastropods, cephalopods and trilobites. Most
organic buildups were relatively small structures that never attained appreciable height above
the sea floor. Variations between organic buildups occurred between formations as organic

buildup growth and development was dependent on local conditions.
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Taken from randomly-chosen bioherms within the bioherm horizon in Boss Canyon.

APPENDIX A
Bioherm Measurements

Height (m) | Length (m) | Width (m) | Orientation (° relative Type
to north)

0.92 6.77 3.68 ~ Complex
0.57 2.60 2.20 45 Single
0.62 2.23 1.68 45 Single
1.27 7.10 5.21 50 Complex
1.27 3.54 2.46 40 Single
0.72 2.79 1.36 55 Single
1.62 16.3 7.98 ~ Complex
1.30 5.17 2.74 45 Complex
1.22 2.43 1.69 30 Single
1.47 6.32 2.74 10 Single
1.02 8.27 4.83 5 Complex
1.20 2.35 1.53 50 Single
1.62 11.24 5.35 55 Complex
0.90 2.08 1.18 50 Single
0.32 2.81 1.97 ~ Single
0.62 2.66 1.51 40 Single
1.12 3.1 1.59 40 Single
0.92 1.66 1.15 45 Single
0.82 2.13 1.56 40 Single
1.02 1.74 1.17 45 Single
0.79 2.48 1.50 35 Single
1.52 2.37 1.94 50 Single
1.07 2.89 2.04 40 Single
0.52 2.58 1.43 55 Single
0.57 1.94 0.90 50 Single
1.42 12.7 3.12 35 Complex
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APPENDIX B
Point Count Data

Allochems BC1 BC2 BC3 BC4 BC5 BC6
Matrix 105 141 235 199 207 287
Stylolite 0 0 4 0 10 2
Echinoderm 1 0 0 0 0 1
Brachiopod 3 1 1 0 0 1
Gastropod 3 2 0 0 0 0
Trilobite 8 17 0 2 2 4
Algae 0 1 0 0 0 0
Intraclast 0 0 4 90 0 0
Pellet 0 12 0 0 71 0
Nuia 2 5 5 2 8 2
Quartz Silt 1 1 0 2 2 1
Sponge Spicule 0 0 0 0 0 0
Sponge 0 0 15 0 0 0
Ostracod 0 0 0 0 0 0
Blocky Calcite Pore Fill 2 0 0 0 0 1
Blocky Calcite Recrystallization 175 120 36 5 1 1
Allochems BC7 BC8 BC9 BC10 | BC11 | BC12
Matrix 289 287 267 264 292 293
Stylolite 5 5 5 0 1 4
Echinoderm 0 2 0 0 0 0
Brachiopod 0 0 0 0 0 0
Gastropod 0 0 0 0 0 1
Trilobite 1 1 1 0 1 1
Algae 0 0 0 31 0 0
Intraclast 0 0 0 0 0 0
Pellet 0 0 0 0 0 0
Nuia 0 1 0 0 1 0
Quartz Silt 2 3 1 5 2 1
Sponge Spicule 0 0 0 0 0 0
Sponge 0 0 0 0 0 0
Ostracod 0 0 0 0 0 0
Blocky Calcite Pore Fill 2 0 0 0 0 0
Blocky Calcite Recrystallization 1 1 26 0 3 0
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See Appendix C for the location within the bioherm horizon thin sections were collected from.
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Allochems BC25 | BC26 | BC27 | BC28 | BC29 | BC30

Matrix 283 287 297 289 297 135
Stylolite 5 6 0 0 0 7
Echinoderm 0 0 0 0 0 0
Brachiopod 0 0 0 1 0 2
Gastropod 0 0 0 0 0 4
Trilobite 1 1 1 1 1 2
Algae 0 0 0 0 0 0
Intraclast 0 0 0 0 0 1

Pellet 0 0 0 0 0 23
Nuia 2 0 0 0 0 0
Quartz Silt 0 1 1 0 1 0
Sponge Spicule 0 0 0 1 1 0
Sponge 0 0 0 0 0 0
Ostracod 1 1 0 0 0 1
Blocky Calcite Pore Fill 0 0 0 0 0 0
Blocky Calcite Recrystallization 8 4 1 8 0 85
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APPENDIX C
Thin Section Descriptions
Refer to Figure 24 for the location within the bioherm horizon of the units.

BC1
Onlap unit. Partially crystalline and dolomitized mudstone with sparse echinoderm, brachiopod,
gastropod and trilobite fragments, Nuia and quartz silt grains. Matrix is pelletal.

BC2
Onlap unit. Partially crystalline, highly dolomitized mudstone with sparse brachiopod and
trilobite fragments, algae, Nuia, pellets and quartz silt grains.

BC3
Onlap unit. Partially crystalline and dolomitized mudstone with sparse brachiopod fragments,
Nuia, intraclasts and a sponge. Sponge is 15x9 millimeters. Matrix and intraclasts are pelletal.

BC4

Intraclastic unit. Partially dolomitized, intraclastic wackestone with sparse trilobite fragments,
Nuia and quartz silt grains. Intraclasts are elongate, rounded to sub-rounded, composed of
pelletal micrite and have dimensions of 3-15 millimeters and 2-7 millimeters.

BC5
Basal unit. Highly dolomitized, pelletal wackestone with sparse trilobite fragments, Nuia and
quartz silt grains. Highly stylolitic.

BC6
Bioherm unit bottom. Mudstone with sparse echinoderm, brachiopod and trilobite fragments,
Nuia and quartz silt grains. Matrix is pelletal.

BC7
Bioherm unit bottom. Partially dolomitized mudstone with sparse trilobite fragments and
quartz silt grains. Matrix is pelletal.

BC8
Bioherm unit bottom. Partially dolomitized mudstone with sparse echinoderm and trilobite
fragments, Nuia and quartz silt grains. Matrix is pelletal.

BC9
Bioherm unit bottom. Mudstone with sparse trilobite fragments and quartz silt grains. Matrix is
pelletal.

BC10
Bioherm unit bottom. Algal wackestone with sparse quartz silt grains. Matrix is pelletal.
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BC11
Bioherm unit bottom. Mudstone with sparse trilobite fragments, Nuia and quartz silt grains.
Matrix is pelletal.

BC12
Bioherm unit middle. Mudstone with sparse gastropod and trilobite fragments and quartz silt.
Matrix is pelletal.

BC13
Bioherm unit middle. Partially dolomitized mudstone with sparse echinoderm, gastropod,
ostracod and trilobite fragments, sponge spicules, Nuia and quartz silt. Matrix is pelletal.

BC14
Bioherm unit middle. Partially dolomitized mudstone with sparse echinoderm and trilobite
fragments and quartz silt grains. Matrix is pelletal.

BC15
Bioherm unit middle. Mudstone with sparse ostracod and trilobite fragments, Nuia and quartz
silt grains. Matrix is pelletal.

BC16
Bioherm unit top. Mudstone with sparse echinoderm and trilobite fragments and quartz silt
grains. Matrix is pelletal.

BC17
Bioherm unit top. Mudstone with sparse echinoderm and trilobite fragments, Nuia and quartz
silt grains. Matrix is pelletal.

BC18
Bioherm unit top. Partially dolomitized sponge bafflestone with sparse brachiopod and trilobite
fragments. Matrix is pelletal. Sponges are 16x22 millimeters and 5x10 millimeters.

BC19
Bioherm unit top. Mudstone with sparse trilobite fragments, algae, Nuia and quartz silt grains.
Matrix is pelletal.

BC20
Bioherm unit. Mudstone with sparse echinoderm and trilobite fragments, Nuia and quartz silt
grains. Matrix is pelletal.

BC21
Bioherm unit. Mudstone with sparse echinoderm, ostracod and trilobite fragments and quartz
silt grains. Matrix is pelletal.
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BC22
Bioherm unit. Partially dolomitized mudstone with sparse trilobite fragments, algae and quartz
silt grains. Matrix is pelletal.

BC23
Bioherm unit. Partially crystalline wackestone with sparse echinoderm, brachiopod, gastropod
and trilobite fragments and Nuia. Matrix is pelletal.

BC24
Bioherm unit. Highly dolomitized mudstone with sparse trilobite fragments. Matrix is pelletal.

BC25
Bioherm unit. Partially dolomitized mudstone with sparse ostracod and trilobite fragments and
Nuia. Matrix is pelletal.

BC26
Bioherm unit. Mudstone with sparse ostracod and trilobite fragments and quartz silt. Matrix is
pelletal.

BC27
Bioherm unit. Highly dolomitized mudstone with sparse trilobite fragments and quartz silt
grains. Matrix is pelletal.

BC28
Bioherm unit. Mudstone with sparse brachiopod and trilobite fragments and sponge spicules.
Matrix is pelletal.

BC29
Bioherm unit. Mudstone with sparse trilobite fragments, Nuia and quartz silt grains. Matrix is
pelletal.

BC30
Bioherm unit. Partially crystalline and highly dolomitized mudstone with sparse ostracod,
gastropod and trilobite fragments and pellets.



