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Abstract

The fossil record of hadrosauroids (Ornithopoda, Hadrosauroidea) from the Albian to
Santonian is very sparse, with few described North American and Asian taxa compared
to the diverse record of Campanian to Maastrichtian hadrosaurids. In 1994, the partial
postcranial remains of a hadrosauriform dinosaur were found in the Matanuska
Formation of southern Alaska. The Matanuska Formation is a thick succession of Albian-
to Maastrichtian-aged, dominantly marine, sediments deposited in a forearc basin along
the actively accreting western North American margin. The Alaskan specimen is
assighed a Turonian age based on molluscan biostratigraphy. The skeleton consists of
postcranial elements including cervical, dorsal and caudal vertebrae, a partial pectoral
girdle, proximal elements of the forelimbs, a partial pelvic girdle, and representative
portions of the hindlimbs. This fossil represents the most complete, single skeleton of a
dinosaur known from Alaska, and one of the few skeletal remains recovered outside of
the North Slope. It is only the second North American Turonian hadrosauroid described,
the other being Jeyawati rugoculus from New Mexico. This specimen also represents a
new taxon of basal hadrosauroid that can be diagnosed by its unique combination of
humeral, ilial, and femoral characters. A phylogenetic analysis recovers the new taxon
nested within a paraphyletic assemblage of non-hadrosaurid hadrosauroids, being more
derived than the North American Cenomanian taxa Eolambia and Protohadros but more
basal than stratigraphically younger hadrosauroids from Asia, including Tanius,
Bactrosaurus, and Gilmoreosaurus. The temporal and geographic occurrence of the
Alaskan taxon provides an important new data point for hypotheses of hadrosauroid

biogeography in the Late Cretaceous.
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Chapter 1: Introduction to the Talkeetna Mountains Hadrosaur (UAMES 12275), its

Geologic Setting, and Potential Significance
1. Geography

The Talkeetna Mountains Hadrosaur {(UAMES 12275) was discovered by accident
during excavation of a quarry in the Matanuska Valley, approximately two hours
northeast of Anchorage, along the Glenn Highway/Alaska Route 1 in 1994 (Fig. 1.1).
The initial discovery was made by Elisabeth May, daughter of one of the principal

authors on the first two papers published on this fossil.

The fossil was recovered from the Matanuska Formation (Albian-Maastrichtian) over
the course of two field seasons (1994 and 1996) as a mix of loose bone in shale and
loose to partially articulated elements embedded in well-indurated carbonate
concretions. Kevin May prepared material from the shale matrix and collaborated
with Dr. Ann Pasch from the University of Alaska Anchorage on two papers discussing
the taphonomy and biostratigraphy of the fossil (Pasch and May, 1997; 2001).
Difficulties stemming from the well-indurated nature of the carbonate concretion led
to the preparation process being abandoned. UAMES 12275 languished in the
University of Alaska Museum'’s Earth Science Collection until 2008, when the

remaining material was prepared mechanically and chemically.
2. Hadrosauriformes, Hadrosauroidea, and Hadrosauridae

The Hadrosauriformes (known colloquially as ‘duck-bills’) were a diverse and
successful clade of non-avian ornithischian ornithopod dinosaurs whose earliest
members evolved in the middle Early Cretaceous (Barremian, ~130-125 Ma; Horner,
Weishampel, and Forster, 2004; McDonald et al., 2010). The diversity of the group
increased through the Cretaceous and peaked during the Campanian-Maastrichtian

with the radiation of its most derived members (the Hadrosauridae) prior to the
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Figure 1.1: Map Alaskan hadrosauriform body fossil sites in relation to each other and major cities.
Dark gray areas on land represent national parks. Image modified from Google Maps, ©2011 Europa
Technologies, Geocentre Consulting, Google.

eradication of all non-avian dinosaurs in the end-Cretaceous mass extinction (Horner,

Weishampel, and Forster, 2004; Lund and Gates, 2006).

The nomenclature of this group of dinosaurs is complicated by the similarity of the
informally used group name (‘hadrosaurs’ sensu lato) to the less-inclusive sub-groups
that compose it. Hadrosauriformes (hadrosauriforms) is the most inclusive level,
encompassing every dinosaur more closely related to Iguanodon and its descendants
than the polytomous assemblage of Cedrorestes + Dakotadon + Iguanacolossus +
Lanzhousaurus (McDonald et al., 2010). The Hadrosauroidea (hadrosauroids) is
composed of Hadrosaurus foulkii Leidy, 1858 and all taxa more closely related to it

than to Iguanodon (Prieto-Marquez, 2010a). Finally, the Hadrosauridae (hadrosaurids,



or hadrosaurs sensu stricto) is the most exclusive group and is comprised of the most
recent common ancestor of Hadrosaurus foulkii Leidy, 1858, Edmontosaurus regalis
Lambe, 1917b, Saurolophus osborni Brown, 1913, and Lambeosaurus lambei Parks,
1923, and all its descendants (Prieto-Marquez, 2010a). In the same way that all
squares are rectangles but not all rectangles are squares, all hadrosaurids are
hadrosauroids, but not all hadrosauroids are hadrosaurids. Figures 1.2, 1.3, and 1.4
are simplified phylogenies showing the position of Hadrosauriformes within

Dinosauria and its subdivisions into Hadrosauroidea and Hadrosauridae.

Of the three broad taxonomic groups comprising the Hadrosauriformes, the best
known and understood is the Hadrosauridae, the most derived group of animals to
evolve before the lineage’s extinction at the end of the Cretaceous Period. Itis
currently believed that the Hadrosauridae arose in North America during the
Santonian (~¥86-83.5 Ma) before diversifying and migrating to South America, Europe,
and Asia throughout the Campanian-Maastrichtian (~83.5-66 Ma) (Prieto-Marquez,
2010b).

The basal hadrosauroids, a paraphyletic assemblage of forms from whom the common
ancestor of the Hadrosauridae would arise, however, are significantly less well-known.
Depending upon various authors, the number of known basal hadrosauroids falls
somewhere between half a dozen (Godefroit et al., 2005) and thirteen (Prieto-
Marquez and Norell, 2010; You and Li, 2009) species, compared to the dozens of
species of hadrosaurids known. This lack of knowledge of the early evolution of
Hadrosauroidea is particularly acute when one considers the late Cenomanian to early
Santonian (~¥95-87 Ma), the period immediately prior to the hadrosaurid explosion
recorded in Campanian-Maastrichtian strata: only two hadrosauroids (Jeyawati
rugoculous of New Mexico and Levnesovia transoxiana of Uzbekistan) are known from

this entire 8-million year timeframe.
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http://www.geol.umd.edu/~tholtz/G104/handouts/104Dinosauria.pdf

P Ak -
J ¥ B it

¢ 2 o
ORNITHOPODA - g
;\\Fﬂnn Ui
R

Py Y

Hadrosauriformes

Ornithischia

Ve
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With the exception of UAMES 12275, the Alaskan fossil record of Hadrosauriformes is
restricted to tracks in the Campanian-Maastrichtian Cantwell Formation of Denali
National Park (Fiorillo, 2006), and body fossils and tracks from the Campanian-
Maastrichtian Prince Creek Formation of the North Slope {(Gangloff, 1998; Fiorillo
2006). Body fossils from the Liscomb bone bed are invariably scattered elements of
juvenile or subadult animals that are currently attributed to Edmontosaurus sp.. The
focus of this thesis, UAMES 12275, is the first hadrosauriform body fossil found south
of the Brooks Range, as well as the most complete individual hadrosaur (sensu lato)

known from the state of Alaska.
3. Taphonomy and Biostratigraphy

Hadrosaurs, like all dinosaurs, were strictly terrestrial animals, and the occurrence of
UAMES 12275 within a marine shale interval of the Matanuska Formation means the
fossil is a “bloater and floater” that was swept out to sea before eventually sinking to
the bottom (Pasch and May, 1997; Pasch and May, 2001). Postmortem modification
to the skeleton shows evidence of scavenging by vertebrates and probable
exploitation by invertebrates and microbes (Pasch and May, 1997; Smith and Baco,

2003; Barnes and Hiller, 2010).

UAMES 12275 has been assighed a Turonian age based on invertebrate fossils
recovered from the quarry (Pasch and May, 1997; 2001), placing the fossil squarely in

the middle of the Cenomanian-Santonian ‘gap’ discussed above.
4. Regional and Global Significance

From an Alaskan perspective, UAMES 12275 represents the only collection of
hadrosaur (sensu lato) remains in the state that can confidently be attributed to a
single individual. It is also the most complete dinosaur skeleton known from

anywhere in Alaska. Alaskacephale gangloffi, a pachycephalosaur known from a lone



left squamosal, is the only named dinosaur taxon unique to Alaska (Gangloff, Fiorillo,
and Norton, 2005; Sullivan, 2006). Given the age of UAMES 12275 and our dearth of
knowledge of hadrosauroid evolution from the Cenomanian to Santonian, it raises the

possibility that UAMES 12275 represents a new Alaskan dinosaur taxon.

Globally, UAMES 12275 is only the third hadrosaur (sensu lato) known from the
Turonian. Given the distribution of Jeyawati (New Mexico) and Levnesovia
(Uzbekistan), this fossil will add to our knowledge of Cenomanian-Santonian
evolutionary gap, as it will expand the known paleogeographic range of the
Hadrosauriformes and potentially provide insights into the paleobiogeography of the

group as well.
5. Thesis Scope and Goals
My efforts in this project have been focused on four main areas:

1. Constructing a more complete picture of the taphonomy of UAMES 12275,
focusing in particular upon modification/utilization of the carcass by opportunistic

vertebrate, invertebrate, and microbial marine organisms.

2. Assessing the current biostratigraphic age assignment of the fossil through the

use of palynomorphs and foraminiferans.

3. Providing an osteological description of the specimen and comparison with
known taxa to evaluate its potential as a new taxon and identify autapomorphies (if

any) or unique suites of skeletal characters.

4. Conducting a phylogenetic analysis of the specimen to determine its relationships

within Hadrosauriformes.

Each chapter of the thesis will be devoted to one of the goals in the above list and will

provide needed background material before delving into methodologies and thought



processes. A summary chapter will tie the key ideas of the previous chapters together

and discuss the implications of my conclusions.
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Chapter 2: The Geology and Taphonomy of UAMES 12275
1. Regional Geology and Paleogeography
1. Regional Geology

Southern Alaska is composed of numerous accreted allocthonous terranes and is
regarded as a classic region in which to study the processes controlling continental
accretion (Trop, 2008; Coney et al., 1980; Plafker and Berg, 1994; Trop and Ridgway,
2007). The largest of these terranes extends from the Alaska Peninsula in the
northwest to Vancouver Island in the southeast. In southern Alaska, it is lodged
between the Alaska Range to the north and the Chugach Range to the south. The
Talkeetna Mountains of the Matanuska River Valley region are a part of this massive
composite terrane, which goes by many names; | prefer the term Wrangellia
Composite Terrane (Plafker and Berg, 1994) and will use that exclusively in this

thesis.

Sedimentary rocks of Middle Jurassic to Oligocene age crop out in the Matanuska
River Valley of southern Alaska and lie nonconformably atop Jurassic igheous rocks
of the Talkeetna oceanic arc, which forms a section of the Wrangellia Composite
Terrane (Trop, 2008). The timing of accretion of the Wrangellia Composite Terrane
to the inboard Yukon-Tanana Terrane is equivocal: authors have proposed dates
ranging from Triassic to early Late Cretaceous (Garver, 1992; Umhoefer, 2003; Wyld
and Umhoefer, 2006; Hampton et al., 2007). Post-collision magmatism of Late
Cretaceous-Paleocene age, attributed to the northward (present coordinates)
subduction of the Pacific Plate under North America, marks the final suturing of the

Wrangellia Composite Terrane with the Yukon-Tanana Terrane (Trop, 2008).

The Matanuska Formation is a thick (>3 km) succession of shale, sandstone,

turbidites, and conglomerate deposited in a forearc basin along the southern
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(present coordinates) margin of the Wrangellia Composite Terrane (Grantz, 1964;
Trop, 2008). The sediment accumulated over a period of time spanning the Albian
to Maastrichtian (~112-66 Ma). The Matanuska Formation rests unconformably
upon the Middle Jurassic Naknek Formation in the Matanuska Valley itself; to the
north, in the region of Limestone Gap and the Little Nelchina River, it is underlain by
the Lower Cretaceous Nelchina Limestone. Unnamed sedimentary and volcanic
rocks of Paleogene age crop out above the Matanuska Formation (Trop et al., 2002).
Figure 2.1 is a simplified stratigraphic column showing the Mesozoic rocks exposed

in the Matanuska Valley.
2. Paleogeography

The paleolatitude of the Wrangellia Composite Terrane in the mid-Cretaceous is the
subject of intense debate among members of the geological community. Fault
reconstruction and sediment source models argue for < 1000 km of northward
displacement (present coordinates) of the terrane since approximately 100 Ma
(Wyld and Umhoefer, 2006). Paleomagnetic studies, however, argue for 1600+ km
of northward displacement (present coordinates) since approximately 100 Ma
(Umhoefer and Blakey, 2006). 1000 km of northward displacement or less translates
into approximately 9° latitude of displacement at maximum. | favor the model

requiring < 1000 km of northward displacement for three reasons:

1. Trop (2008) argues that the upper Matanuska Formation {Campanian-
Maastrichtian strata) includes recycled sediment from the Yukon-Tanana Terrane
and/or the Kahiltna Assemblage, a package of dominantly marine sedimentary
rocks located in the suture zone between the Wrangellia Composite Terrane and
the Yukon-Tanana Terrane. The Kahiltha Assemblage is located approximately 200
km to the north of the quarry site (present coordinates). This seems to suggest

that the Kahiltna Assemblage and the Cretaceous sediments of the Matanuska
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Fig. 2.1: Simplified stratigraphic column of the Talkeetna Mountains showing temporal relationships
between exposed strata. Note that thickness in time does not necessarily correlate with actual unit
thickness. Modified from Schaff and Gilbert (eds.), 1987.
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River Valley have been in close proximity since at least the Campanian. In turn,
this suggests the Wrangellia Composite Terrane was located outboard of the
Yukon-Tanana Terrane by the Campanian or earlier, and that there may have been
a terrestrial link between the Wrangellia Composite Terrane and North America by

this time.

2. A paleomagnetic study of the Campanian (~83.5-70.5 Ma) MacColl Ridge
Formation from Wrangell-St. Elias National Park to the east of the dinosaur site
suggests that the formation was deposited around 80 Ma at a paleolatitude of
~53° N versus its present latitude of ~¥61° N. (Stamatakos et al., 2001). Unless
plate motion velocities during the Late Cretaceous were significantly faster than
those currently observed, it is unlikely that the Wrangellia Composite Terrane
could have traversed more than approximately 4° of latitude (or roughly 450 km)

between the Turonian and Campanian.

3. The Methow-Tyaughton Basin, a sedimentary basin which is developed on
three small tectonostratigraphic terranes (Cadwallader, Bridge River, and Methow)
sandwiched in between the Wrangellia Composite Terrane and the inboard
Intermontane Superterrane, contains an Albian-aged formation with detrital
zircons older than 2.5 Ga. Similarly ancient zircons are known from the Queen
Charlotte and Nanaimo Basins, which were developed on southern segments of
the Wrangellia Composite Terrane. The only known sources for zircons of this age
in North America crop out no further south than approximately 40° N latitude, or

roughly the California-Oregon border (Mahoney et al., 1999).

Most workers reconstruct the Wrangellia Composite Terrane as an approximately
linear belt off the coast of North America (Johnston, 2001; Umhoefer, 2003;
Umhoefer and Blakey, 2006; Wyld and Umhoefer, 2006). Following their lead and

using the translation constraints suggested above places UAMES 12275 at
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approximately 53° N latitude {present coordinates), or off the coast of British
Columbia roughly midway between Queen Charlotte Island to the north and
Vancouver Island to the south. Given the margins for error inevitable in
paleolatitude estimates regardless of method and that the site of UAMES 12275 was
likely further north than what would become the depositional environment of the

MacColl Ridge Formation, this does not appear to be an unreasonable result.

It is probable that the Wrangellia Composite Terrane had already docked with
continental North America some time before the Turonian, as hadrosauriform
dinosaurs were entirely terrestrial animals and it is unlikely that they could have
migrated long distances across open ocean to reach new habitat. The presence of a
marine basin (the Kahiltha Assemblage) to the north of the Wrangellia Composite
Terrane suggests that terrestrial links between the Wrangellia Composite Terrane
and continental North America were intermittent, rather than constant, and that the
spatial relationship between the terrane and North America when UAMES 12275
was alive may have been similar to what currently exists between Baja California and

Mexico proper, or Queen Charlotte Island/Vancouver Island and Canada proper.

2. Objectives and Methodology

1. Additional Preparation

As discussed previously, preparation of UAMES 12275 halted after the bones
encased only in shale were prepared due to the well-indurated nature of the
carbonate concretions. Traditional mechanical preparation using airscribes was
supplemented with acid treatment using a 20% formic acid solution. Bones were
coated 3-6 times with vinac before being submerged in the acid solution to prevent
accidental dissolution of bone. Unfortunately, the vinac layers did not protect the

bones as well as hoped.
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2. Mineralogy

Pasch and May (1997; 2001) neglected to report on the mineralogy of either the
guarry shale or the carbonate concretions recovered with the fossil. As both their
papers were concerned chiefly with the nature and significance of UAMES 12275,
this is understandable. However, sedimentary mineralogy is an important part of
piecing together the puzzle of environment and depositional setting (i.e. glauconite

as an indicator of reducing marine settings).

Due to the fine-grained nature of the sediment, the mineralogy of the shale had to
be analyzed utilizing a combination of x-ray diffractometry (XRD) and x-ray
fluorescence (XRF) spectrometry. Pulverized smear mounts were scanned with a
Rigaku MiniFlex Il Desktop X-ray Diffractometer to identify major minerals present in
both the shale and the concretions. | conducted major element analysis via XRF to
provide semi-quantitative data on the differences in relative mineral abundances
between the shale and the concretions. A total of 7 pressed pellets (2 composed of
pulverized shale and 5 composed of pulverized carbonate concretion) were analyzed
using the University of Alaska Advanced Instrumentation Laboratory’s PanAlytical

Axios 4 kW Wavelength Dispersive XRF.

Based on analyses of natural rock standards not employed in the standardization of
the major elements, Si, Al, Fe, K, and Ca display a precision of 0.2% of the amount
present and accuracy within 1% of the amount present (e.g., for a rock with 50%
SiO2 the error is approximately +/- 0.5%). For the elements Mg, Na, Mn, Ti, and P
the precision is ™~ .5% of the amount present and accuracy ~ 5% of the amount
present (e.g., for 5.0% claimed, the value is most likely 5.0% +/- 1.25% of that)

(Newberry, pers. comm.).
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Average compositions for the major minerals identified via x-ray diffractometry were
calculated from analyses in Deer et al. {1996) and converted into percent
concentrations of major oxides (Si0O,, TiO,, Al,O3, etc.) present in a given mineral (for
example, the concentration of SiO, in quartz is 100%). Given these average
compositions and the XRF data, the next step was to calculate the abundance of the
minerals identified via XRD that best approximated the XRF results. Large
differences (i.e., > +/- 10%) in TiO,, MnO, Na,0, K,0, and P,0s in calculated
abundance versus measured abundance were deemed acceptable due to the low
concentrations of these elements in both the rocks and the major minerals
identified by XRD. For all other oxides, efforts were made to keep the difference
between measured concentrations and calculated concentrations at or below +/-

5%.

3. Sedimentology

Pasch and May (1997; 2001) reported on the sedimentology of the quarry and
provided their own interpretation of the data: UAMES 12275 sank to the bottom in
relatively deep marine waters ( >50m, based on the invertebrate community
present; Pasch and May, 1997; 2001) and was entombed within oxygen-deficient
sediments. The decomposing tissues of the carcass formed precursor material as

suggested by Berner (1968) for the eventual formation of carbonate concretions.

| wished to examine the evidence for myself and test the conclusions made by Pasch
and May (1997; 2001) in their papers. This necessitated examination of thin sections
of both quarry shale and carbonate concretion under plane- and crossed-polarized

light to search for sedimentary structures, microfossils, and trace fossils.
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4. Biostratigraphy

Pasch and May (1997; 2001) assignhed a Turonian age to UAMES 12275 based on
foraminifera and invertebrates collected from the quarry site. The presence of the
ammonite Muramotoceras sp. (Matsumoto, 1977) was cited as particularly strong
evidence of the site’s Middle Turonian age because this genus was, up until this
discovery, only known from Middle Turonian sequences in Japan (Pasch and May,
2001). They reported the presence of fossil palynomorphs but did not elaborate on
form genera recovered (Pasch and May, 2001). Reid and Pasch {1999) identified 85
different form genera in a study of the paleoecology of the region inhabited by

UAMES 12275, but made no mention of any biostratigraphic implications.

| wished to corroborate and expand upon the age assignment for the fossil. The
potential sighificance of UAMES 12275, combined with the knowledge that
identifiable palynomorphs had been recovered in abundance from the site,

suggested that palynomorph biostratigraphy could provide further age constraints.

Samples of quarry shale and carbonate concretion were pulverized and treated with
hydrochloric and hydrofluoric acids to free remnant organic matter, the standard
method of preparing fossil pollen for analysis (Traverse, 2008). Once the organic
matter had been concentrated, glycerin jelly was added and the mixture was placed

onto several slides and studied with a Nikon OptiPlot 2 transmitted light microscope.
5. Taphonomy

The occurrence of a terrestrial animal in marine sediments is not entirely
uncommon. Horner (1979) listed nearly 100 occurrences of Late Cretaceous
dinosaur remains in marine sediments from North America alone, and the Italian

non-hadrosaurid hadrosauroid Tethyshadros insularis Vecchia (2009) is known
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strictly from occurrences in a chalk lens within the Campanian-Maastrichtian

Liburnian Formation {(Vecchia 2009).

Barring a tsunami, transport of a terrestrial animal to a marine setting requires
bloating of the carcass from decomposition gases to achieve buoyancy and a river or
stream to move the carcass once it has become buoyant. Eventually, the gases
escape, whether by sufficient decomposition of the body cavity or breaching of the
body cavity by scavengers. Having lost its buoyancy, the carcass sinks to the sea

floor (Pasch and May, 2001).

Based on research into modern whale falls (both natural and artificial), Smith and
Baco (2003) propose that large vertebrate carcasses on the seafloor undergo three

III

major decompositional stages, followed by a final “reef” stage:

1. Mobile-scavenger stage: sharks, hagfish, and other scavengers remove soft
tissues from the carcass. Depending on the size of the carcass, this stage could last

anywhere from days to years.

2. Enrichment opportunist stage: sloppy eating by the large scavengers during
stage 1 would enrich sediment in the vicinity of the carcass with organic matter,
which could then be exploited by opportunistic detritus feeders such as
polychaetes and crustaceans. Again, depending upon the size of the carcass, this

stage could last from weeks to years.

3. Sulphophilic stage: a chemosynthetic community based around the production
of sulfide from the anaerobic decay of bone lipids arises. This stage is believed to
last from years to decades. Unlike stages 1 and 2, which are controlled by carcass
size, this stage is presumably controlled by both carcass size and the amount of

lipid present in the bones of the carcass.
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4. Reef stage: Now depleted of organic matter, encrusting filter-feeding organisms
favoring hard ground conditions colonize the skeleton exposed above the

sediment-water interface to exploit enhanced water currents around the bones.

Given the reliance of taphonomic interpretation of fossils upon the principle of
uniformitarianism, it is presumed that similar processes affected large vertebrate
falls in the early Late Cretaceous (Hogler, 1994). The taphonomy of UAMES 12275
will be discussed in terms relating to the stages of Smith and Baco (2003) and will
then be compared to and contrasted with an elasmosaurid plesiosaur (Reptilia,
Sauropterygia, Plesiosauria) fall from the Maastrichtian of New Zealand (Barnes and

Hiller, 2010).

3. Results

1. Lithology and Mineralogy

UAMES 12275 was excavated from a poorly indurated, dark gray, thinly laminated
shale interval of the Matanuska Formation. Pasch and May (2001) reported visible
laminae and signs of bioturbation on wet fresh surfaces, but | was only able to see
these in thin section. The unit is cut by two sets of joints, and a third poorly
developed or wavy cleavage plane causes chips to break off with concavo-convex
surfaces. Very well indurated carbonate concretions of variable morphology are
present and restricted to the immediate vicinity of the fossil; some contain fossil
bone, others are barren save for microscopic bone fragments. A system of quartz-
calcite veins and veinlets crosscuts the largest of the carbonate concretions and
postdates concretion lithification based on isolated occurrences of brecciated

concretion suspended within a matrix of coarsely crystalline quartz + calcite.

Table 2.1 summarizes the major element compositions of the samples, listed as

percent oxides. These data were then utilized to calculate percentages of major



minerals present, as explained in the methods section above. See Table 2.2 for

calculated percentages of major minerals.
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Table 2.1: Major element analysis of 7 pressed pellet samples expressed as percent oxides. Fe,O;* includes both

FeO and Fe,0s.

Sio, | TiO, | Fe,0* | MnO MgO CaO Na,O KO | P,Os
TMH Matanuska 3mB | 66.3 | 0.85 | 7.91 0.14 2.67 1.41 1.33 220 | 018
TMH Matanuska 3mB1 | 66.3 | 0.83 | 7.89 0.14 2.64 1.43 1.32 218 | o0.18
TMH Concretion 1 51.8 | 0.76 | 6.91 1.63 2.18 19.5 1.25 1.66 | 0.46
TMH Concretion 2 53.6 | 0.74 | 7.17 1.48 2.25 16.9 1.29 175 | 0.33
TMH Concretion 2.2 535 | 0.74 | 7.22 1.48 2.26 17.0 1.29 176 | 0.33
TMH Concretion 3 460 | 070 | 6.61 2.14 2.01 26.5 1.12 1.66 | 0.19
TMH Concretion 3.2 458 | 070 | 6.59 2.14 2.03 26.5 1.15 165 | 0.20

T¢



Table 2.2: Major mineralogy of 7 pressed pellet samples expressed as percent abundance and based on quantification of

major element data (Table X.1) and x-ray diffractometry of smear mount samples.

Muscovite lllite Chlorite | Kaolinite | Glauconite | Albite | Quartz | Apatite | Calcite

TMH Matanuska 3mB 0 5 8 20 18 12 30 0 1.75
TMH Matanuska 0 5 10 25 20 12 30 0 1.75
3mB1

TMH Concretion 1 0 0 9 15 11 12 20 0.8 27
TMH Concretion 2 5 0 9 15 11 12 20 0.8 25
TMH Concretion 2.2 5 0 9 15 12 12 20 0.8 25
TMH Concretion 3 6 0 7 10 12 12 15 0.8 37
TMH Concretion 3.2 6 0 7 10 12 12 15 0.4 37

[44



23

The quarry shale specimens are dominated by quartz, kaolinite, glauconite, and
albite. Traces of chlorite, illite, and calcite are also present. In contrast, the quarry
concretion specimens are dominated by calcite and albite. The trace mineralogy of
the concretions is also different, as muscovite appeared while illite disappeared and

traces of apatite are present.

2. Sedimentary Structures, Trace Fossils, Pyrite Framboids, and Microfossils

Thin sections of the quarry shale and concretions were analyzed for physical non-

biogenic sedimentary structures, biogenic sedimentary structures, and microfossils.

A. Non-biogenic sedimentary structures: Fine laminae were the only non-biogenic
sedimentary structures observed in any of the thin sections and were present in

examined sections of both shale and concretion samples. (Figure 2.2)

B. Trace fossils: Structures suggestive of biologic activity include calcified worm
tubes (Figure 2.3), peloids (Figure 2.4), and phosphatic clasts assumed to be
remnant fragments of dinosaur bone (Figure 2.5). These structures occurred in
thin sections of concretion material but were absent from thin sections of quarry
shale. Invertebrate burrows were the rarest structure observed. Phosphatic clasts

were abundant, typically ovoid or rounded, and ranged in size up to ~1 mm.
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Figure 2.2: Laminated shale in an oriented thin section taken from a portion of the carbonate concretion

in plane polarized light. Red lines highlight general trend of laminae. Scale bar: 1 mm
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Figure 2.3: Latitudinal cross-section through a calcified worm tube(?), cross polarized light. Scale bar: 1
mm
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Figure 2.4: A grouping of large peloids from a thin section of the carbonate concretion, plane polarized
light. Scale bar: 1 mm
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Figure 2.5: Macerated dinosaur bone fragments (outlined in red) in a thin section of the carbonate

concretion, plane polarized light. Scale bar: 1 mm
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C. Pyrite Framboids: The origins of framboidal pyrite are equivocal (Butler and
Rickard, 2000; Folk et al., 1995; Mozer, 2010; Wilkin and Barnes, 1997), as
framboids are known from the Bereznyakovskoe ore field in Russia (Plotinskaya et
al., 2009), as well as more typical sedimentary settings, where their presence is
used to infer sedimentary paleoredox conditions {(Berner, 1970; Wignall and

Newton, 1998; Wilkin et al., 1996).

Pyrite framboids of varying size and degree of infilling with secondary pyrite
(Wilkin et al. 1996; see Figure 2.6) were noted in a number of thin sections and
subsequently examined using the University of Alaska Fairbanks Advanced
Instrumentation Laboratory’s Cameca SX-50 electron microprobe to better
characterize the scale and texture of the pyrite microcrystals in the framboids
(Figure 2.7, Figure 2.8). Individual microcrystals appear to be on the order of 1-2
pm, while associations of microcrystals and euhedral pyrite cubes tend to be in the
range of 5-10 um. These size ranges are consistent with what has been observed
in both natural and synthetic framboids (Ohfuji and Rickard, 2005). This seems to
suggest that the different morphologies observed in the sediments associated with
UAMES 12275 are the result of variable degrees of pyrite recrystallization and/or
post-crystallization deposition of secondary pyrite affecting the first generation of
pyrite (Wilkins et al., 1996). Unfortunately, there is no easy way to quantify the
amount of secondary pyrite overprinting the original framboids, making analysis of

framboid size distribution to determine paleoredox conditions impossible.



Figure 2.6: Disseminated pyrite framboids showing the variety of pyrite textures present over a small area common to the

carbonate concretion, reflected plane polarized light. Scale bar: 1 mm

6¢
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Figure 2.7: Electron backscatter image of disseminated pyrite taken with AIL’s Cameca SX-50 electron
microprobe, showing multiple textures in close association. Note the cubic crystal below the crosshairs
and the two framboids partially filled in by secondary pyrite in close proximity to it. Scale bar: 20 pum.
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Figure 2.8: Disseminated pyrite framboids and crystals (electron backscatter image taken with AlL’s
Cameca SX-50 electron microprobe) showing multiple textures in close association. Note the differing
degrees of secondary pyrite formation in the three framboids in the upper middle portion of the picture
and their proximity to polygonal crystalline pyrite. Scale bar: 20 um
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In addition to being present in the concretion sediments, pyrite is also found on
the surfaces of many of the recovered bones. The pyrite occurs in a variety of
morphologies, including disseminated millimeter-scale patches, large centimeter-
scale patches with obvious veins and rounded knobby protrusions, and as coatings
on bone trabeculae where the exterior cortical bone is missing. These coatings are
typically tarnished, and combined with the charcoal color of the bones they occur
on, attempts to photograph these coatings have not been successful. The one
common factor between all the occurrences of pyrite on bone surfaces is that all
of the coating morphologies described above are exclusive to bones recovered
from the quarry shale. In the carbonate concretions, pyrite only occurs as
disseminated framboids and euhedral crystals in the matrix and never coats bones.
Given the mutually exclusive nature of pyrite morphology plus pyrite location, it
seems reasonable to suggest that the different morphologies are the result of
different processes of formation. No further conclusions can be drawn beyond
this broad generalization without sulfur isotope analysis to determine which (if
any) pyrite morphology is systematically enriched in the light isotope favored by

living organisms.

D. Microfossils: The only definitive microfossils found in the thin sections were
tests of planktonic foraminifera (Figure 2.9; Hedbergella sp.?, Whiteinella sp.?).
Figure 2.10 is a photograph of an unusual and unidentified specimen. It appears to
be a silicified trilete spore, but | was unable to find any literature that dealt with

the possibility of replacing sporopollenin.
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Figure 2.9: Light microscope images of 3 foraminifera from thin sections of carbonate concretion.

a: Longitudinal cross-section of a silica-filled planktonic foraminiferan in cross polarized light. Hedbergella
sp. or Whiteinella sp.?

b: Longitudinal cross-section of the planktonic foraminiferan in photo a in plane polarized light.

c: Latitudinal cross-section of a benthic foraminiferan(?) in plane polarized light.

d: Latitudinal cross-section of a silica-filled planktonic foraminferan in cross polarized light. Hedbergella
sp. or Whiteinella sp.?

1 mm
Figure 2.10: A silicified(?) trilete spore(?) found in a thin section of the carbonate concretion.

Palynological processing of samples of the shale and concretion were not as
productive as initially hoped. Bisaccate gymnosperm pollen grains (Parvasaccites
sp.) were found (Figure 2.11), as well as an abundance of trilete spores
(Appendicisporites sp. in Figure 2.12, Cicatricosisporites sp. in Figure 2.13), but
unfortunately all appear to belong to form genera that first arose in the Late
Paleozoic or Early Mesozoic and endured into the Cenozoic. Organic remains that

may be .

















































































































































































































































































































































































