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Introduction

Over the past decades, heterogeneous sedimentary rocks and their related sedimentary
structures, ichnofacies (Droser and Bottjer, 1993; Savrda et al., 1984; Savrda and Bottjer, 1991;
Taylor and Goldring, 1993), comprehensive depositional processes and settling environments
(Fan, 2013; Lazar et al., 2015; Wilson and Schieber, 2014) have been investigated by geologists,
for reconstructing past environments and climate (Algeo et al., 2004) and making correlations
between different outcrops (Campbell, 1967). Fine grained sediments, with grain size smaller
than 63 um, are the most abundant sediments on Earth’s surface (Li and Schieber, 2018;
Macquaker et al., 2010). Mud also has an economic advantage because it stores ore deposits and
acts as oil and gas reservoirs (Broadhead, 2015; Gentzis, 2013).

Even though many surveys have been conducted on mud-dominated sediments and rocks,
their transportation and depositional mechanisms are still under debate. Previous models suggest
that most muds are deposited under suspension in low energy and quiet environments,
(Birgenheier et al., 2017; Li and Schieber, 2018; Macquaker and Bohacs, 2007) while recent
studies point out that processes such as hyperpycnal flows (Bhattacharya and MacEachern, 2009;
Birgenheier et al., 2017; Mulder et al, 2003; Wilson and Schieber, 2014), wave-enhanced
sediment-gravity-flows (Macquaker et al., 2010), tempestites (Myrow and Southard, 1996), and
turbidites (Li and Schieber, 2018) are capable of offshore flocculated muddy sediment
transportation and deposition along continental shelves (Schieber, 2016).

This research will provide a detailed facies analysis of the Upper Mancos Shale from the
Uinta Basin, Utah, which was formed during the late Cretaceous period. The mud-dominated

Mancos Shale Formation, which is composed of interbedded sand, silt and clay, is of research



interest because it was deposited in a muddy shelf environment in an epicontinental sea (Li and
Schieber, 2018). It preserved various sedimentary structures (ripples, laminations, etc.) that allow
interpretation of sediment transportation mechanisms (Birgenheier et al., 2017; Hart, 2016). It
also recorded transgression-regression cycles during the Cretaceous (Birgenheier et al., 2017;
Hart, 2016).

The Cretaceous is documented to be a warm period due to greenhouse effects (Dennis et
al., 2013; Otto-Bliesner et al., 2002), followed by a global cooling during the Late Campanian
and Maastrichtian (75 to 65 million years ago). Theoretically, warmer climates generate more
intense storm events because high temperature is highly correlated to high atmospheric energy.
By studying Cretaceous sediments, such as the Mancos Shale Formation, it is expected to
analyse storm events relative to the sedimentation rate from the observed sedimentary structures.
Investigations on Cretaceous sediments contribute to the reconstruction of past environments and
climate models, and therefore scientists are able to compare and contrast them with modern
climates. In addition, the Mancos Shale is considered to be thermally mature and full of
reservoirs of organic matter, which has been producing gas and oil since the last century

(Broadhead, 2015; Gentzis, 2013).

Geologic Setting

This sample was extracted from Upper Mancos Shale in the Uinta Basin, Utah. Since the
exact location and which member it belongs to is unknown, a general description of the Mancos

Shale in Uinta Basin is provided (Grigg, 2016).



The Mancos Shale was formed during the Late Cretaceous Period, originally deposited
on a foreland basin in the Western Interior Seaway (Broadhead, 2015; Hawkins et al., 2016;
Mack et al., 2016; Pasley and Riley, 1993; Ridgley et al., 2013). Thickness of the Mancos Shale
is over 5000 feet in the Uinta Basin (Grigg, 2016; Hettinger and Kirschbaum, 2003). During the
Cretaceous, the geological structure of western North America was mainly affected by the
Sevier-Laramide orogenies (Livaccari, 1991; McCauley, 2013). The Sevier Orogeny generated
sediments that formed the Mancos Shale (Grigg, 2016; Hettinger and Kirschbaum, 2003). It was
marked by thrust faults oriented north-south which lead to the creation of the foreland basin and
the basin became the Interior Seaway when sea-level increased (Livaccari, 1991; McCauley,
2013). Thrust faults continued, and migrated toward the east, resulting in an unconformity
between the Mancos Shale and underlying Dakota Sandstone (McCauley, 2013; Ridgley et al.,
2013). The Mancos Shale was then structurally deformed by a compression during the Laramide
Orogeny (late Cretaceous to early Tertiary) and divided into several Laramide Rocky Mountain
subbasins, including the Uinta Basin (Broadhead, 2015; Hawkins et al., 2016).

In the Uinta Basin, the Mancos Shale is subdivided into 5 members (see Fig 1. by
McCauley, 2013) which represent the age from mid-Turonian to Campanian. The basal Tununk
Shale overlies the mid-Turonian unconformity, followed by deposition of the Juana Lopez
Member, the Blue Gate Shale, the Prairie Canyon and the youngest Buck Tongue, which record

proximal marine to continental and distal marine sandstones and shales (McCauley, 2013).



Background Literature

Schieber (2016) modified a graph (see Fig 2.) which illustrates how the slopes of the
shelf are related to corresponding sediment transportation processes. These bottom processes
(wave/tide/storm currents, hyperpycnal flows, sediment-gravity-flows, etc.) are energetic (Hart,
2016) and generate distinctive facies. Hart (2016) provided a diagram illustrating how sediments
vary from proximal (shoreline) to distal (basin) with different mechanisms, marine organic
matter (MOM) and climate (see Fig 3.). Li and Schieber (2018) also demonstrated a depositional
model of the Tununk Shale Member in the Mancos Shale (see Fig 4.) In general, sediments
become finer basinward with less siliciclastic and more organic content.

Hyperpycnal flows appear when river water has a higher density than sea water it is
entering (Mulder et al., 2003) and is usually generated when there is increased sediment
concentration in the flow (see Fig 5.). In sedimentary records this type of flow is indicated with
reverse and normal grading which represents waxing and waning flows (Bhattacharya and
MacEachern, 2009). Hyperpycnal flows are able to transport sediment over slope of 0.7° or
larger up to 100 km (Birgenheier et al., 2017; Schieber, 2016) and therefore are not likely the
main mechanism for long-distance offshore sediment transportation. Birgenheier et al. (2017)
refer to this type of flow as river-fed bottom currents while discussing offshore depositional
models of the Blue Gate Member in the Mancos Shale.

Wave-enhanced sediment-gravity-flow is another process explained by Macquaker et al.
(2010) which is able to move sediment offshore in low slopes (Birgenheier et al., 2017).
Macquaker et al. (2010) summarized a facies model for this type of flow (WESGF) which has

three main components (see Fig 6.). The erosional basal lamina set unit A may contain curved



ripple laminations, overlain by unit B, which is composed of silt and clay with wave laminations
(Macquaker et al., 2010) and is an indicator of mixing between coarser sediments in unit A with
finer sediments transported by WESGF. Unit C comprises the sediments deposited as a fluid
mud. In outcrops this is shown as fining upward units (Macquaker et al., 2010).

According to Mulder and Alexander (2001), turbidity currents are surge-like sedimentary
density flows, with less than 10% concentration of sediments. These currents occur on higher
slopes (see Fig 2.) and can produce Bouma Sequence (see Fig 7.). According to Shanmugam
(1997), Bouma Sequence describes a fining upward sequence with an erosional surface, massive
sandy Ta layer, graded, laminated sand to silt middle layers (Tb, Tc, Td) as well as Te, which
deposited as suspended mud.

Tempestites are deposits of storm-generated flows (Myrow and Southard, 1996). In
sedimentary records, tempestites show a sequence of an erosional surface overlain by
hummocky-cross-stratified sand, and combined-flow rippled fine sand with laminated mud on
top (see Fig 8.). This model is summarized by Suter (2006). Wave ripples are also indicators of
storm events.

Tidal or wind currents are likely important for transporting sediments along interior
epicontinental seaways (Schieber, 2016) as they occur on relatively shallow slopes (see Fig 2.).
Fan (2013) proposed that in sediment records, rhythmic-laminated mud and sand alteration are
typical sign of tidal influence. An example of tidal lamina is shown in Fig. 9, suggesting tides

may be partly responsible for sediment transport in the Mancos Shale (Genovese, 2017).



Objectives

This research aims to provide a detailed sedimentological analysis of the Cretaceous
Mancos Shale sample and to have a better understanding of its depositional environment by 1)
identifying any transportation and depositional processes based on sedimentary structures
observed on this sample; 2) estimating sediment accumulation rate and oxygen level of the
Mancos Shale depositional environment. Existing mud-dominated shelf facies models and

ichnofacies models will be used to compare with the results to draw conclusions.

Working Hypothesis

The Mancos Shale sample will be analyzed to see if it was deposited on a continental
shelf (distal marine), whether the sedimentary structures match existing facies models of
wave-enhanced sediment-gravity flows, turbidites, storms and tides and if this sample recorded
rhythmic tidal influence. Bioturbation and trace fossils will be studied to determine the

sedimentation rate and oxygen level of the settling environment.

Methods & Analysis

A 30 cm-long sample taken from the Mancos Shale outcrop in the Uinta Basin, Utah is
analyzed in centimeter to millimeter scale. It is covered by wax in order to preserve its
geomechanical properties (Grigg, 2016). A binocular scope and scanner are used to retrieve
high-resolution pictures of the sample core. A microscope will be used to observe
millimeter-scale sedimentary structures. Pictures will be labelled using graphic software such as

Adobe Illustrator. Grain sizes, sedimentary structures such as laminations, ripples, grading and



ichnofacies will be identified and documented by constructing a high-resolution measured
section via Adobe Illustrator. Degree of bioturbation will be examined using the bioturbation
index table (see Fig 10.) by Taylor and Goldring (1993). Ichnofacies observed will be compared
to previous models from Savrda and Bottjer (1991) for analysis and interpretation of oxygen
level at the time of deposition.

Possible transportation and depositional processes, such as wave-enhanced
sediment-gravity flows, will be interpreted by comparing results with existing mud-dominated
shelf facies models for better understanding of mud-deposition on distal continental shelves.
Thickness of each lamina will be recorded to see if any periodic pattern is shown. Proportion of
different transportation mechanisms will be estimated to determine which processes are
responsible for dominant sediment transportation in this Mancos Shale.

Figure 11 is a picture of the entire sample. Figure 12 and Figure 13 show wave ripples
and laminations respectively. This sample reveals different possible offshore transportation
mechanisms (storm or tide currents) and different trace fossils. Degree of bioturbation is not

constant throughout the sample.

Timeline

The first component of this research is the meeting between the supervisor and the
student which was done in September 14, 2018. After that, the first draft of research proposal
will be handed in before October 5th, 2018. The second component is the literature review which
is due November 2nd, 2018. The active research occupies the months until February 22, 2019

while the full draft of the final thesis is due March 15, 2019. After the first draft, the final written



thesis will be handed in no later than April 9, 2019 following by the final component, paper

presentation on April 10, 2019.
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Figure 1. Stratigraphy of Mancos Shale and other formations from Uinta Basin, Utah. Blackhawk
Formation members are: SC=Spring Canyon; A=Aberdeen; K=Kenilworth; S=Sunnyside;

G=Grassy; D=Desert. Taken from Birgenheier et al. (2013).
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Figure 2. Relationship between sediment transportation processes and slope of seafloor by

Schieber (2016).
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Figure 3. A conceptual model taken from Hart (2016) showing how lithologies and organic
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mudstone). Please refer to Fig 4.1 for labels. Taken from Li and Schieber (2018).
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Hypopycnal Plume

Figure 5. Hyperpycnal and hypopycnal plumes by Bhattacharya and MacEachern (2009).

13



-

saS mm

b — "

DRI
W

-

10.0 mm

-,
]

10.0 mm

Figure 6. Graphs showing three-part WESGF in sediments by Macquaker et al. (2010). A is from
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Figure 9. Rhythmic laminations of sand and clay in Upper Mancos Shale, New Mexico. Taken

from Genovese (2017).
Grade Percent Classification
bioturbated

0 0 No bioturbation

1 14 Sparse bioturbation, bedding distinct,
few discrete traces and/or escape structures

2 5-30 Low bioturbation, bedding distinct, low
trace density, escape structures often
common

3 31-60 Moderate bioturbation, bedding
boundaries sharp, traces discrete, overlap
rare

4 61-90 High bioturbation, bedding boundaries
indistinct, high trace density with overlap
common

5 91-99 Intense bioturbation, bedding

completely disturbed (just visible), limited
reworking, later burrows discrete

6 100 Complete bioturbation, sediment
reworking due to repeated overprinting

Figure 10. Description of bioturbation index by Taylor and Goldring (1993).
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Figure 11. The Mancos Shale Sample.
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Figure 13. Laminated fine sand and mud alteration, might be rhythmic and show tidal influence.

White bar is equivalent to 1 centimeter. On the top of this picture, laminates are bioturbated.
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