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Abstract 

The Prince Creek Formation contains first-order meandering trunk channels, 

second-order meandering distributary channels, third-order fixed anastomosed(?) 

distributary channels, crevasse splays, levees, lakes, ponds, swamps, paleosols, and 

ashfall deposits.  Trampling by dinosaurs is common.  Most deposition occurred on 

crevasse splay-complexes adjacent to trunk channels. Rhythmically-repeating coarse-to 

fine-grained couplets in inclined heterolithic stratification suggest tidal-influence in 

channels. 

Cumulative to compound soils similar to Entisols, Inceptisols, and potential acid 

sulfate soils formed on levees, point bars, crevasse splays, and on the margins of lakes 

and swamps. Frequent overbank flooding is evidenced by silt and sand dispersed 

throughout paleosol profiles and fluctuations with depth in several molecular ratios.  

Drab colors, organics, siderite, depletion coatings, and zoned peds indicate waterlogged, 

anoxic conditions while ferruginous and manganiferous features, insect and worm 

burrows, and rare illuvial clay coatings and infillings suggest drying and oxidation of 

some soils.  Repeated wetting and drying is tied to fluctuating river discharge. Marine 

influence is evidenced by jarosite, pyrite, and gypsum which become increasingly 

common up-section near the contact with the shallow-marine Schrader Bluff Formation.  

Recovered biota include Peridinioid dinocysts; algae; projectates; Wodehouseia 

edmontonicola; pollen from lowland trees, shrubs and herbs; Bisaccates; fern and moss 

spores; and fungal hyphae and indicates that all strata are Early Maastrichtian and that 
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sediments become progressively younger from measured section NKT in the south to 

measured section LBB in the north.  
40

Ar/
39

Ar analysis of a tuff returned an age of 69.2 ± 

0.5 Ma in the Sling Point outcrop belt.   

World-class dinosaur bonebeds are encased in muddy overbank alluvium 

overlying floodplains. No concentration of bone was found in channels. Bonebeds are 

laterally extensive except where truncated by distributaries. At the Sling Pont, Liscomb, 

and Byers bonebeds alluvium encasing bone exhibits a bipartite division of flow and a 

massive mudstone facies containing flow-parallel plant fragments that ñfloatò in a mud 

matrix suggesting deposition by fine-grained hyperconcentrated flows.   

Exceptional floods driven by seasonal snowmelt in the Brooks Range increased 

suspended sediment concentrations, generating hyperconcentrated overbank flows that 

killed and buried scores of juvenile dinosaurs occupying this high-latitude coastal plain.  

This unique killing mechanism likely resulted from fluctuating discharge tied to 

seasonality brought about by the near polar latitude of northern Alaska in the Late 

Cretaceous.  
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2.1. 

  

Northern Alaska above the Arctic Circle including the Brooks Range, the 

Colville Basin, and the location of the study area depicted in Figure 2.2 

(Modified from Fiorillo and Gangloff 2000, and Bird 2001)ééééééé 
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2.2. Study area including rivers, measured stratigraphic sections, and the 

location of sites discussed in the text. MN=magnetic northééééééé 
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2.3 Generalized chronostratigraphic column for the central North Slope of 

Alaska. Abbreviations include: FS (flooding surface), MCU (mid-

Campanian unconformity), and K/T, (Cretaceous/Tertiary boundary). 

Revised from Mull et al. (2003), Garrity et al. (2005), and Decker et al.  

(in press)ééééééééééééééééééééééééééé 
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2.4. Idealized measured sections for the 4 facies associations of the Prince Creek 

Formation found in the Colville River region. Facies Association-I (FA-I), 

Large Sinuous Channels; FA-II, Small Sinuous Channels; FA-III, Small 

Low-sinuosity Channels; and FA-IV, Interbedded Sandstone, Siltstone, and 

Mudstone.  Detailed descriptions of individual facies and facies associations 

are given in Tables 2.1 and 2.2éééééééééééééééééé.. 
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2.5. Facies, physical sedimentary structures, flora, and fauna typical of FA-I 

(Large Sinuous Channels). A) Complete fining-upward succession (FUS) 

including coarse-grained conglomeratic base (Cg), multi-storey medium-

grained sandbody (MS),  inclined heterolithic stratification (IHS), and fine-

grained top (F); B) pebble-to-cobble conglomerate; C) cross-bed coset 

composed of  0.5 m-thick sets of trough cross-lamination; D) convolute 

bedding; and E) carbonized tree (18 cm diam.) with roots and (arrows) 

spherical mudstone balls  Hammer is 30 cm longééééééééééé. 
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Figure 

 

2.6. 

 

 

Facies, physical sedimentary structures, and flora typical of FA-II (Small 

Sinuous Channels). A) Complete fining-upward succession (FUS) including 

basal erosion surface, fine-grained sand base (FS), inclined heterolithic 

stratification (IHS), and fine-grained top (F); B) trough cross-lamination 

within a fine-grained sandbody in erosional contact with floodplain deposits 

of FA-IV; C) stacked channels with apparent dips in opposing directions, the 

stratigraphically lower  channel contains coarse-members of inclined 

heterolithic stratification (IHS) that thicken down-dip and merge with trough 

cross-laminated sand (F-2b); D) IHS grading laterally into mud-filled 

channel plug; E) alternating coarse and fine members of IHS couplets 

containing vertical carbonized roots (arrows), and F) carbonized root 15 cm 

long and 0.5 cm in diameter exhibiting horizontal and vertical growth as well 

as branching. Pocket knife is 9 cm longééééééééééééééé 
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2.7. Facies and physical sedimentary structures typical of FA-III (Small Low-

sinuosity Channels) A) channel-form (outlined by arrows) displaying arcuate 

shape and ñwingsò interpreted as channel-attached levees; B) channel 

(arrow) encased in floodplain facies of FA-IV; C) Small Low-sinuosity 

Channel (FA-III) including minor inclined heterolithic stratification (IHS) at 

the top of the channel-fill sequence incised into a Small Sinuous Channel of  

FA-II; and D) Small Low-sinuosity Channel (FA-III) containing  two 

smaller channels (arrows)  incised into the top of the channel-fill sequence, 

image also includes a Small Sinuous Channel (FA-II)ééééééééé..  
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2.8. Facies and physical sedimentary structures typical of FA-IV (Interbedded 

Sandstone, Siltstone, and Mudstone). A) Thin sheet sandstones interbedded 

with siltstone, carbonaceous  shale and coal; B) coarsening-upward 

succession (CUS) showing sheet sandstone with abundant carbonaceous 

roots with jarosite halos (arrows) gradationally overlying interbedded 

siltstone, mudstone, and carbonaceous shale containing jarosite; C) sheet 

sandstone interpreted as a levee grading laterally into a Small Sinuous 

Channel (FA-II) containing inclined heterolithic stratification (IHS); D) 

drab-colored, cumulative, brown, gray, and black paleosols; E) carbonaceous 

root-traces (arrows) in paleosols.; F) clams (Nucula aff. N. 

 percrassa Conrad) in ripple cross-laminated organic siltstone; G) olive-

green to yellow bentonite layer above a rippled siltstone lacking root-traces; 

H) disturbed ñpunch-downò contact at the base of a sandstone containing 

convolute bedding (cb) and peat (now coal) ñinjectedò upward into the 

sandbody likely as the result of trampling by dinosaurs; F) fine- 

grained Large Sinuous Channel (FA-I) plug containing rippled siltstone 

overlying planar-laminated fine-grained sandstone.  Hammer is 30 cm long, 

Pocket knife is 9 cm long, pencil is 15 cm longéééééééééééé 
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Figure 

 

2.9. 

 

 

Paleocurrent orientations recorded from trough cross-laminations within 

channel thalwegs at 20 separate locations in the Prince Creek Formation 

along the Colville, Kogosukruk, and Kikiakrorak Rivers. Included in the 

diagram are paleoflow vector rose diagrams that include the number of 

measurements recorded and mean paleoflow at each location. The diagram 

also displays the overall vector mean of paleoflow in the study area. ééé. 
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2.10. Photomosaic and interpreted line-drawing at location PFDV-17 including 

outcrop trend, paleoflow orientations, and location of measured section 

PFDV-17 (see Fig. 2.11). Image contains one complete fining-upward 

succession (FUS) of FA-I (Large Sinuous Channel), two FUS of FA-II 

(Small Sinuous Channels), and interbedded floodplain deposits of FA-IV 

(Interbedded Sandstone, Siltstone and Mudstone). Abbreviations include: 

FA, facies association; IHS, inclined heterolithic stratification; and Lv/Sp, 

levee or splay. Arrows on image show apparent dip direction within IHS 

(point bars) and apparent direction of channel migration. See text for 

detailed interpretationéééééééééééééééééééééé 
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2.11. Measured stratigraphic sections PFDV-17, PFDV-04, and KKT. Diagrams 

include paleoenvironmental interpretations. See Figure 4 for key to symbols. 

Detailed descriptions of individual facies and facies associations are given in 

Tables 2.1 and 2.2ééééééééééééééééééééééé.. 
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2.12. 

 

 

Photomosaic and interpreted line-drawing at location PFDV-04 (Fig. 2) 

including outcrop trend, paleoflow orientations, and location of measured 

section PFDV-04 (Fig. 2.11). Image contains 8 Small Sinuous Channels 

(FA-II) along with associated mud-filled abandoned channels, one example 

of a Small Low-sinuosity Channel (FA-III), and Interbedded Sandstone, 

Siltstone, and Mudstone (FA-IV). Abbreviations include: FA, facies 

association; IHS, inclined heterolithic stratification; and Lv/Sp, levee or 

splay. Arrows on image show apparent dip direction within IHS (point bars) 

and apparent direction of channel migration See text for detailed 

interpretationééééééééééééééééééééééééé.. 
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2.13. Photomosaic and interpreted line-drawing at location CRNKKT (Fig.2.2) 

including outcrop trend. Overall paleoflow is inferred to be similar to Figure 

12.  Image contains 8 Small Sinuous Channels (FA-II) along with 

Interbedded Sandstone, Siltstone, and Mudstone (FA-IV). Abbreviations 

include: FA, facies association; IHS, inclined heterolithic stratification; and 

Lv/Sp, levee or splay. Arrows on image show apparent dip direction within 

IHS (point bars) and apparent direction of channel migration. See text for 

detailed interpretationéééééééééééééééééééééé 
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Figure 

 

2.14. 

 

 

Photomosaic and interpreted line-drawing at location KKT (Fig. 2) including 

outcrop trend, paleoflow orientations, and location of measured section KKT 

(Fig. 2.11). Image contains three Small Low-sinuosity Channels (FA-III), 

two Small Sinuous Channels (FA-II), and Interbedded Sandstone, Siltstone, 

and Mudstone (FA-IV).  Abbreviations include: FA, facies association; IHS, 

inclined heterolithic stratification; and Lv/Sp, levee or splay. Arrows on 

image show apparent dip direction within IHS (point bars) and apparent 

direction of channel migration. See text for detailed interpretationéééé.. 
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2.15. Rhythmically-repeating centimeter to decimeter-scale sandstone-mudstone 

couplets on point bar deposits (IHS) common to the Prince Creek Formation. 

Sand-rich beds in image appear more resistant while clay-rich beds are more 

easily erodedééééééééééééééééééééééééé.. 
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2.16. Depositional model for the Prince Creek Formation in the Colville River 

region of Northern Alaska.  Abbreviations and descriptions of facies and 

facies associations are included in Table 2.1 and Table 2.2ééééééé. 
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3.1. Study area along the Colville River, North Slope of Alaska including 

locations of the Kikak-Tegoseak dinosaur quarry, the Liscomb dinosaur 

quarry, Ocean Point, and the four measured stratigraphic successions 

described in this study (NKT, 06SH, KRM, LBB). Locations of all 75 

measured sections along the Colville, Kogosukruk, and Kikiakrorak Rivers 

can be found in Flaig et al. 2010 (Figure 1). MN=magnetic northééééé 
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3.2. Generalized chronostratigraphic column for the central North Slope, Alaska. 

MCU=mid-Campanian unconformity. Revised from Mull et al. (2003), 

Garrity et al. (2005), and Decker et al. (in press)ééééééééééé.. 
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3.3. 

 

 

 

Concentration of juvenile duck-billed dinosaur limb bones from the Liscomb 

Bonebed, one of several dinosaur bonebeds found in the Prince Creek 

Formation exposures along the Colville Riveréééééééééééé.. 
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3.4. Measured stratigraphic sections NKT, 06SH, KRM, and LBB. Diagrams 

include facies association interpretations and the stratigraphic locations of 

Paleosol 1 through Paleosol 9 detailed in Figures 3.9-3.17.  SSC=Small 

Sinuous Channels, SLSC=Small Low Sinuosity Channels, and 

ISSM=Interbedded Sandstone, Siltstone, and Mudstone. See Figure 3.1 for 

geographic location of measured sections and Figure 3.5 for outcrop 

examples of each facies associationéééééééééééééééé.. 
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3.5. 

 

Facies associations of the Prince Creek Formation including (A) Large 

Sinuous Channels (LSC), (B) Small Sinuous Channels (SSC), (C) Small 

Low Sinuosity Channels (SLSC), and (D) Interbedded Sandstone, Siltstone, 

and Mudstone (ISSM), IHS=Inclined Heterolithic Stratificationééééé.. 
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Figure 

 

3.6. 

 

 

Representative microfacies and micromorphological features of the Prince 

Creek Formation including (A) Microfacies 1: lithic-rich quartzose 

sandstone; (B) impregnated manganese nodule in quartzose sandstone; (C) 

opaque organic fragment with preserved cellular structure; (D) Microfacies 

2: laminated quartzose sandstone and siltstone and/or mudstone; (E) 

Microfacies 3: massive to microlaminated mudstone; (F) matrix containing 

abundant relict volcanic glass, arrows point to bubble junctions between 

glass shards (G) tapering and branching carbonaceous root-trace in organic-

rich mudstone, rt=root; (H) euhedral gypsum crystals in  Microfacies 3 at 

measured section LBBééééééééééééééééééééé 
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3.7. Representative microfacies and micromorphological features of the Prince 

Creek Formation including (A) Microfacies 4: organic-rich mudstone; (B) 

pyrite framboids in Microfacies 4 at measured section LBB; (C) Microfacies 

5:  mudstone containing zoned peds; (D) close-up of zoning in peds of 

Microfacies 5 including central gley zone (gl) Fe-rich zone, and Fe-poor 

depletion coating (depl); (E) Microfacies 6: bioturbated mudstone 

bu=burrow; (F) close-up of semi-elliptical burrow with dark circular central 

mass (arrow) and clay margins (cl) (G) Microfacies 7: mudstone with  

illuvial clay coatings, cly=clay; (H) close-up of crescentic clay infillings             

in a voidééééééééééééééééééééééééééé. 
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3.8. Representative microfacies and micromorphological features of the Prince 

Creek Formation including (A) Microfacies 8: mudstone with iron-oxide 

segregations, Fe=iron; (B) reddish-orange ferruginous void coatings in 

Microfacies 8,  Fe=iron; (C) Microfacies 9: mudstone with micro-

sphaerosiderite, sd=siderite; (D) close-up of sphaerosiderite concretion 

showing concentric morphology, sd=siderite; (E) Microfacies 10: mudstone 

with abundant papules and/or pedorelicts, pap=papule (F) papule (pap) and 

pedorelict (pr) including depletion coating on pedorelict (depl); (G) 

Microfacies 11: mudstone with comminuted bone and plant fragments, 

or=organic matter; (H) dinosaur bone-fragment in Microfacies 11, 

db=dinosaur boneééééééééééééééééééééééé.. 

 

 

 

 

 

 

 

 

 

 

 

152 

3.9. Detailed microstratigraphic log for Paleosol 1 at location NKT (4-7 m) 

including legend for figures 3.9-3.17.  For geographic and stratigraphic 

location see Figures 3.1 and 3.4.  TOC=Total Organic Carbon, 

CIA=Chemical Index of Alterationéééééééééééééééé.. 
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3.10. Detailed microstratigraphic log for Paleosol 2a and Paleosol 2b at location 

NKT (10-15 m).  See Figure 3.9 for legend.  For geographic and 

stratigraphic location see Figures 3.1 and 3.4.  TOC=Total Organic Carbon, 

CIA=Chemical Index of Alterationéééééééééééééééé.. 
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Figure 

 

3.11. 

 

 

Detailed microstratigraphic log for Paleosol 3 at location 06SH (1-5 m).   

See Figure 3.9 for legend.  For geographic and stratigraphic location see 

Figures 3.1 and 3.4.  TOC=Total Organic Carbon, CIA=Chemical Index of 

Alterationéééééééééééééééééééééééééé.. 
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3.12. Detailed microstratigraphic log for Paleosol 4a and Paleosol 4b at location 

06SH (7-10 m See Figure 3.9 for legend.  For geographic and stratigraphic 

location see Figures 3.1 and 3.4.  TOC=Total Organic Carbon, 

CIA=Chemical Index of Alterationéééééééééééééééé.. 
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3.13. Detailed microstratigraphic log for Paleosol 5a and Paleosol 5b at location 

06SH (14-18 m See Figure 3.9 for legend.  For geographic and stratigraphic 

location see Figures 3.1 and 3.4.  TOC=Total Organic Carbon, 

CIA=Chemical Index of Alterationéééééééééééééééé... 
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3.14. 

 

Detailed microstratigraphic log for Paleosol 6a and Paleosol 6b at location 

KRM (9-13 m).  See Figure 3.9 for legend.  For geographic and stratigraphic 

location see Figures 3.1 and 3.4.  TOC=Total Organic Carbon, 

CIA=Chemical Index of Alterationéééééééééééééééé.. 
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3.15. 

 

Detailed microstratigraphic log for Paleosol 7 at location KRM (15-17 m). 

See Figure 3.9 for legend.  For geographic and stratigraphic location see 

Figures 3.1 and 3.4.  TOC=Total Organic Carbon, CIA=Chemical Index of 

Alterationéééééééééééééééééééééééééé... 
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3.16. 

 

Detailed microstratigraphic log for Paleosol 8 at location LBB (0-2 m See 

Figure 3.9 for legend.  For geographic and stratigraphic location see Figures 

3.1 and 3.4.  TOC=Total Organic Carbon, CIA=Chemical Index of 

Alterationéééééééééééééééééééééééééé..  
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3.17. 

 

Detailed microstratigraphic log for Paleosol 9a, Paleosol 9b, and Paleosol 

9c at location LBB (6-12 m).  See Figure 3.9 for legend.  For geographic and 

stratigraphic location see Figures 3.1 and 3.4.  TOC=Total Organic Carbon, 

CIA=Chemical Index of Alterationéééééééééééééééé... 
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3.18.  

 

Ratio to element concentration plots for Ti and Zr. (A) wt% Zr vs. Zr/T and 

(B) wt% Ti vs. Ti/Zréééééééééééééééééééééé.. 
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Figure 

 

3.19 

 

 

 

Characteristics typical of Prince Creek Formation paleosols including (A) 

carbonaceous shale (SH) bentonite (B) and ripple cross-laminated organic-

rich siltstone (SLT) with iron-oxide mottles (mfe); (B) carbonaceous root-

traces (rt) in silty mudstone; (C) contact between a very-fine grained 

sandstone (SS) and grey blocky mudstone (MS) including wood fragments 

(wd), plant fragments (pl), jarosite (j), siderite nodules (sd), and iron staining 

(Fe); (D)  very-fine grained ripple cross-laminated sandstone with jarosite 

halos (j) surrounding carbonaceous root-traces (rt); (E)  close-up of iron-

oxide mottles (mfe) in grey mudstone; (F) Macroscopic siderite spherules in 

laminated sandstone and siltstone.  Hammer is 30 cm long, pocket knife is 9 

cm longééééééééééééééééééééééééééé.. 
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3.20. Summary diagram of pedogenic paleoenvironments of the Prince Creek 

Formation showing idealized macrofeatures, microfeatures, and biota for 

each soil type as well as the distribution of each paleosol across the 

Cretaceous coastal plain. Dinosaur footprints are found in all paleosol types 

and are excluded for clarity. Diagram is interpretive and no scale is implied.  

See Figure 3.9 for key to micrpmorphological featuresééééééééé 
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4.1. 

 

Study area along the Colville River, North Slope of Alaska including 

locations of the Sling Point outcrop belt, Liscomb/Byers outcrop belt, and 

ten measured stratigraphic successions described in this study. 

MN=magnetic northéééééééééééééééééééééé.. 
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4.2 

 

Generalized chronostratigraphic column for the central North Slope, Alaska. 

MCU=mid-Campanian unconformity. Revised from Mull et al. (2003), 

Garrity et al. (2005), and Decker et al. (in press)ééééééééééé.. 
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4.3 

 

Semi-articulated juvenile duck-billed dinosaur bones from the Liscomb 

quarry site along the Colville River. Pocket knife is 9 cm longéééééé 
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4.4 

 

Stratigraphic correlations for six measured sections at the Sling Point 

outcrop belt including lithology, contacts, sedimentary structures, flora, 

fauna, overall depositional environment, dinosaur bonebeds, and dinosaur 

quarries.  MDC= Meandering distributary channel, FDC=Fixed distributary 

channel, FP=Floodplain sedimentsééééééééééééééééé 
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4.5 

 

Stratigraphic correlations for four measured sections at the Liscomb/Byers 

outcrop belt including lithology, contacts, sedimentary structures, flora, 

fauna, overall depositional environment, dinosaur bonebeds, and dinosaur 

quarries.  MDC= Meandering distributary channel, FDC=Fixed distributary 

channel, FP=Floodplain sedimentsééééééééééééééééé  
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Figure 

 

4.6 

 

 

 

Outcrop exposure of the Sling Point dinosaur bonebed showing the 

stratigraphic relationships between an olive mudstone filling an abandoned 

channel, and a fining-upward depositional couplet including a bone-bearing 

siltstone and massive mudstone containing flow-parallel plant fragments. 

Hammer is 30 cm longééééééééééééééééééééé... 
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4.7 

 

 

Argon-release spectra from incremental heating of tuff sample 07PFDVDK-

09-14.9. Sample returned an integrated age of 68.9 ± 0.4 Ma and a plateau 

age of 69.2 ± 0.5 Ma. Uncertainties in age are indicated by the vertical width 

of barséééééééééééééééééééééééééééé 
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4.8 Images showing facies of the Liscomb Bonebed including (A) contact 

between a dinosaur bone-bearing ripple cross-laminated organic siltstone 

and brown mudstone lacking dinosaur bone below, (B) massive mudstone 

with flow-parallel plant fragments encasing dinosaur bone, (C) close-up of  

dinosaur bone encased in massive mudstone with flow-parallel plant 

fragments, (D) massive mudstone with flow-parallel plant fragments, sand 

inclusion, and dinosaur bone, (E) photomicrograph of massive mudstone 

taken under polarized light, image shows sub-parallel alignment of plant 

fragments encased in a muddy matrix.  Fieldbook is 20 cm long, hammer is 

30 cm longéééééééééééééééééééééééééé. 
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4.9 Outcrop exposure at the Liscomb/Byers outcrop belt.  Image shows the 

distinctly separate Liscomb bonebed horizon and Byers bonebed horizon 

along with tuffaceous bed used for correlation of stratigraphy.  Person for 

scaleéééééééééééééééééééééééééééé...  
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4.10 Outcrop exposure of the Byers bed horizon including fining-upward 

succession including blue-grey dinosaur bone-bearing siltstone and massive 

mudstone with flow-parallel plant fragments.  Pocket knife is 9 cm long, 

hammer is 30 cm longééééééééééééééééééééé... 
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Chapter 1 Introduction 

 

The Prince Creek Formation (Fm.) is a coastal plain succession (Roehler 1987, 

Mull et al. 2003; Fiorillo et al. 2009, 2010a, 2010b) deposited on the North Slope of 

Alaska at paleolatitudes as high as 82º-85º N (Brouwers et al. 1987, Witte et al. 1987, 

Besse and Courtillot 1991, Rich et al. 2002, Spicer and Herman 2010) under Cretaceous 

greenhouse conditions (Fischer 1981, Parrish et al. 1987, Spicer et al. 1992, Zakharov et 

al. 1999, Deconto et al. 2000, Spicer 2003,  Nordt et al. 2003, Gallagher et al. 2008).  The 

Prince Creek Formation has been of special interest to paleontologists for many years 

because it contains the densest concentrations of dinosaur bones of any high latitude 

location in the world (Rich et al., 1997; 2002, Fiorillo et al. 2010a, 2010b).  This makes 

the Prince Creek Formation a rare example of a high-latitude coastal plain upon which 

Arctic dinosaurs lived and died. 

Prior to this investigation, no collaborative paleontological and sedimentological 

study had been undertaken to generate a comprehensive depositional model for the Prince 

Creek Formation in the Colville River region. A depositional model for the Prince Creek 

Formation is very important to both paleontologists and sedimentologists because: 

(1) The Prince Creek Fm. preserves within it paleoenvironmental clues necessary 

to help reconstruct an ancient Arctic dinosaur ecosystem during Cretaceous 

greenhouse conditions. 
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(2) Ancient Arctic environments such as this are intrinsically tied to ancient 

climate.  We must study ancient climates to understand natural climate cycles 

and our current position in them (e.g. there is no modern analogue for warm 

temperatures under a polar light regime).  

(3) A depositional model for this high-latitude Cretaceous coastal plain can be 

compared and contrasted to models of lower-latitude coastal plains along the 

Cretaceous Western Interior Seaway of North America and provide insights 

into the unique features of an arctic ñgreenhouseò environment. 

(4) Oil and gas exploration on the North Slope will benefit from a refined 

depositional model of the Prince Creek Fm that includes revised facies 

descriptions, updated sandbody geometries, detailed alluvial architecture, and 

estimates of the preservation potential of facies.  The Prince Creek Fm. can 

ultimately be used as an example for reservoir geometries expected in high-

latitude coastal plain successions. 

(5) Paleosols make up a significant portion of Prince Creek Fm. sediments 

(Fiorillo et al 2010a, 2010b). Analyzing these paleosols gives additional clues 

to climate, organisms, relief, hydrology, and marine influence on this ancient 

coastal plain. 

(6) A study of Prince Creek Fm. biota can help identify flora and fauna typical of 

high-latitude Cretaceous floodplains and can help to constrain the age of 

sediments in northern Alaska.   Identifying flora and fauna aids in the 
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reconstruction of an ancient high-latitude dinosaur ecosystem.  Age constraint 

of sediments on the North Slope is challenging and additional data are 

welcomed. 

(7) The depositional mechanism for emplacement of bonebeds in the Prince 

Creek Fm. has remained a mystery.  A suitable explanation for the deposition 

and preservation of bonebeds almost exclusively within facies of the Prince 

Creek Fm. on the North Slope will help paleontologists understand the unique 

killin g mechanism of these Arctic dinosaurs.  

 

The objective of this dissertation is to examine the facies and alluvial architecture 

of the Prince Creek Formation in bluffs along the Colville, Kogosukruk and Kikiakrorak 

rivers of northern Alaska in order to: (1) produce a regional depositional model for the 

Prince Creek Formation in the Colville River region, (2) determine the type of alluvial 

system(s) responsible for sedimentation, (3) describe the paleosols of the Prince Creek 

Formation, (4) combine the paleopedological analysis with analysis of biota to identify 

floodplain pedogenic paleoenvironments and further constrain the age of Prince Creek 

sediments, (5) describe and correlate facies of the Prince Creek Fm. in bluffs that include 

the Sling Point, Byers, and Liscomb bonebeds in order to establish the environment(s) of 

bonebed deposition on the Cretaceous coastal plain, (6) report a new 
40

Ar/
39

Ar age from a 

tuff in the Sling Point outcrop belt, and (7) present a depositional model for the 

emplacement of bonebeds. 
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This dissertation is organized as a series of manuscripts that describe the unique 

characteristics of the Prince Creek Formation.  Included in this dissertation are three first-

authored manuscripts by Peter P. Flaig et al.  Although each of the manuscripts includes 

co-authors, the majority of each manuscript was written by me and the majority of the 

data presented in each paper was collected by me.  Each manuscript was written for 

publication in a specific journal.  The manuscript entitled ñA tidally-influenced, high-

latitude coastal plain: The Late Cretaceous (Maastrichtian) Prince Creek Formation, 

North Slope, Alaskaò (Chapter 2) is accepted for publication in the SEPM Special 

Publication: From River to Rock Record: The Preservation of Fluvial Sediments and their 

Subsequent Interpretation.  The expected publication date is October, 2010.  The 

manuscript entitled ñAnatomy, evolution and paleoenvironmental interpretation of an 

ancient Arctic coastal plain:  Integrated paleopedology and palynology from the Late 

Cretaceous (Maastrichtian) Prince Creek Formation, North Slope, Alaska, USAò  

(Chapter 3) will be submitted to the SEPM Journal of Sedimentary Research in 2010.  

The manuscript entitled ñMuddy Hyperconcentrated Flows: Dinosaur Killer Crevasse 

Splays of the Cretaceous Arctic (Prince Creek Formation, northern Alaska)ò (Chapter 4) 

will be submitted to the journal Palaios in 2010.  A shortened version of this manuscript 

focusing entirely on sediments encasing the Sling Point, Liscomb, and Byers bonebeds 

will be submitted to the Geological Society of America journal Geology in late 2010 or 

early 2011.  An additional section focusing on the taphonomy of the bonebeds will be 

incorporated into the final drafts of the Palaios and Geology manuscripts by Dr. Anthony 

Fiorillo and is not included in the version of the manuscript in this thesis. 
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Additional publications in which I am a co-author resulting from investigations in this 

Dissertation include: 

 

Fiorillo, A.R., Tykoski, R.S., Currie, P.J., McCarthy, P.J., and Flaig, P.P., 2009,  

 Description of two Troodon partial braincases from the Prince Creek Formation  

 (Upper Cretaceous), North Slope, Alaska: Journal of Vertebrate Paleontology, 

 v. 29, No. 1, p. 178-187. 

 

Fiorillo, A.R., McCarthy, P.J., Flaig, P.P., Brandlen, E., Norton, D., Jacobs, L., Zippi, P.  

 and Gangloff, R.A., 2010a, Paleontology and paleoenvironmental interpretation 

 of the Kikak-Tegoseak dinosaur quarry, (Prince Creek Formation: Late  

Cretaceous), northern Alaska: A multi-disciplinary study of an ancient high- 

latitude, ceratopsian dinosaur bonebed, in Ryan, M.J., Chinner-Algeier, B.J., and  

Eberth, D.A., eds., New Perspectives on Horned Dinosaurs: The Royall Tyrell 

 Museum Ceratopsian Symposium: Bloomington, IN, Indiana University Press, 

 p. 456-477. 

 

Fiorillo, A. R., McCarthy, P. J., and Flaig, P. P., 2010b, Taphonomic and sedimentologic  

interpretations of the dinosaur-bearing Upper Cretaceous Prince Creek Formation,  

Alaska:  Insights from an ancient high-latitude terrestrial ecosystem: 

Palaeogeography, Palaeoclimatology, Palaeoecology, 

doi:10.1016/j.palaeo.2010.02.029. 
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Also, a publication for the Alaska Division of Geological and Geophysical Surveys that 

describes and interprets the Paleocene Prince Creek Fm. along the Toolik River is to be 

released in 2010: 

 

Flaig, P. P., and van der Kolk, D. A., 2010, Depositional Environments of the  

 Prince Creek Formation along the East Side of the Toolik River: Sagavanirktok  

 Quadrangle, North Slope, Alaska: Alaska Division of Geological & Geophysical  

 Surveys Preliminary Interpretive Report 2009-1, Preliminary Results of field  

 Investigations in the Brooks Range Foothills and North Slope, Alaska. 
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ABSTRACT 

The Prince Creek Formation is a Late Cretaceous, dinosaur-bearing, high-latitude 

alluvial succession on a coastal plain that crops out along the Colville, Kogosukruk, and 

Kikiakrorak Rivers of northern Alaska.  Studies that document the complex stratigraphy 

and alluvial architecture of high-latitude fluvial/alluvial systems deposited under 

greenhouse conditions are extremely rare.  It is exceptionally uncommon to find 

extensive, accessible outcrops that also contain numerous Arctic dinosaur fossils; hence 

the Prince Creek Formation is not only of great significance to sedimentologists but also 

to paleontologists involved in reconstructing high-latitude dinosaur habitats. 

Maastrichtian strata of the Prince Creek Formation record deposition on a tidally-

influenced high-latitude coastal plain within (i) first-order meandering trunk channels, (ii) 

second-order meandering distributary channels, (iii) third-order fixed (anastomosed?) 

distributary channels, and (iv) floodplains.  Conglomerate and medium-to coarse-grained 

multi-storey sandbodies are found exclusively within regionally restricted 13-17 m-thick 

fining-upward successions (FUS) that display inclined heterolithic stratification (IHS) 

capped by finer-grained, organic-rich facies.  These relatively-thick FUS are interpreted 

as first-order meandering trunk channels.  Thinner (2-6 m-thick), single-storey, 

heterolithic sheet-sandbodies composed predominantly of IHS and including abundant 

mud-filled channel plugs are the most frequently encountered channel-form.  Trough 

cross-lamination at the base of the IHS records paleoflow at high-angles relative to the 

dip of the inclined beds, indicating that lateral accretion of point bars was the primary 

depositional mechanism.  These single-storey sandbodies are interpreted as second-order 
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meandering distributary channels.  Fine-grained, 1.5-3.0 m-thick, ripple cross-laminated 

ribbon sandbodies deposited primarily by vertical accretion above an arcuate erosion 

surface and containing only minor IHS are interpreted as third-order fixed 

(anastomosed?) distributary channels.  Thinner (0.2-1.0 m-thick) current rippled sheet-

sands and silts are interpreted as small-scale crevasse splays and levees.  Organic-rich 

siltstone and mudstone, carbonaceous shale, coal, bentonite, and tuff, are interpreted as 

deposits of lakes, ponds, swamps, marshes, mires, paleosols, and ashfall on floodplains.    

Heterolithic sheet sandstones deposited by small, sinuous meandering distributary 

channels typically appear lenticular along strike, commonly incise into pre-existing 

distributary channels, and interfinger with and incise into organic-rich floodplain facies.  

Fixed, ribbon-form (anastomosed?) distributaries either incise into meandering 

distributaries or into floodplain facies, with numerous ribbons typically preserved in tiers 

at the same stratigraphic level.  Spatial relationships between channel types, and between 

channels and floodplain facies, indicate that the bulk of deposition took place on crevasse 

splay-complexes adjacent to trunk channels.  Crevasse splay-complexes were constructed 

by the lateral migration of sinuous meandering distributaries and the vertical filling of 

fixed (anastomosed?) distributaries, with splay-complexes separated from each other by 

organic floodplain facies.  Flow within meandering distributaries and fixed 

(anastomosed?) distributaries may have been contemporaneous.  Alternatively, fixed 

(anastomosed?) distributaries may record the initial and/or waning stages of flow during 

splay-complex formation and/or abandonment.   
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IHS composed of rhythmically-repeating, coarse-to-fine couplets of current 

rippled sandstone or siltstone and mudstone is found within all three types of channels.  

The rhythmic and repetitive nature of these couplets together with relatively thick, muddy 

fine-grained members in couplets suggest that flow within channels was likely influenced 

by tidal effects. 

   Drab colors in fine-grained sediments, abundant carbonaceous plant material, 

and common siderite nodules and jarosite suggest widespread reducing conditions on 

poorly-drained floodplains influenced in more distal areas by marine waters.  However, 

carbonaceous root-traces found ubiquitously within all distributary channels and most 

floodplain facies along with common Fe-oxide mottles indicate that the alluvial system 

likely experienced flashy, seasonal, or ephemeral flow and a fluctuating water table.   The 

flashy nature of the alluvial system may have been driven by recurring episodes of 

vigorous seasonal snowmelt in the Brooks Range orogenic belt as a consequence of the 

high paleolatitude of northern Alaska in the Late Cretaceous.   
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INTRODUCTION 

The Late Cretaceous (Maastrichtian) Prince Creek Formation is exposed semi-

continuously in 20-50 m bluffs along the Colville, Kogosukruk, and Kikiakrorak Rivers 

in northern Alaska (Figs. 2.1, 2.2).  Outcrop exposures of the Prince Creek Fm. have, to 

date, been primarily the focus of paleontological studies to examine and collect dinosaur 

specimens because the formation contains the richest concentration of dinosaur bones of 

any high latitude location in the world (Rich et al. 1997; 2002).  Although rigorous 

documentation of vertebrate and plant fossils of the Prince Creek Fm. has resulted in 

ground-breaking discoveries regarding Alaskan dinosaurs and biota (e.g. Parrish et al. 

1987; Parrish and Spicer 1988; Clemens and Nelms 1993; Fiorillo and Gangloff 2000; 

Gangloff et al. 2005; Fiorillo et al. 2009, 2010), and although a number of local 

sedimentologic studies have focused on areas near these vertebrate bonebeds  (Phillips 

1989, 2003; Brandlen 2008; Fiorillo et al. 2010), no comprehensive regional outcrop 

study has yet been undertaken.  A comprehensive depositional model for the Prince 

Creek Fm. is required to: (1) place current and future paleontological discoveries in a 

regional paleoenvironmental and geomorphologic context within which a high-latitude, 

dinosaur ecosystem thrived during the Late Cretaceous, and (2) improve our 

understanding of facies relationships, sediment-body geometries, alluvial architecture, 

and vertical and lateral variations within a high-latitude, coastal plain succession.  

The purpose of this paper, therefore, is to examine the facies and alluvial 

architecture of the Prince Creek Fm. in order to (1) document the various depositional 

environments, (2) determine the type of alluvial system(s) present, and (3) develop a  
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