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A block of fossiliferous rock from the Redwater Shale Member of the Sundance Formation showing bivalves. Photo by
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Executive Summary

Devils TowerNational Monument (DETQ}he firstUnited Statesational monuments world-

famous forthe monumerd namesake featurBevils Tower, an unusual igneofgature risingover

the plains and bluffs of northeastern Wyoming within the northwestern Black s feature, of
long-debated originformed in surroundings composed of much older sedimentary degasited in

and around shallow seas from the Permian to Cretaceous periods. The youngest sedimentary rocks
long ago eroded to nothing but residuunthi@ process exposing the igneous body that erdsisen
sculpted into th& ower. However, several formations of Permian to Jurassic age are exposed around
the Towerwithin DETO. Fossilsare found at various locations throughout the monument, primarily
from the Middlé Upper Jurassic Sundance Formation.

The presence of fossils near Devils Tower has been known since at least the beginning'f the 20
century, but geologic work at DETO has almost always been focused dovileeitself, with the

overall characteand depositional settings of the sedimentary rocks as a secondary focus and fossils
considered only in passing until recently. Exploration of the monument over the past few years has
located several new fossil localities, expanding and illuminatingciygesof the monumedst
paleontological resources. These fossils and the information they provide about the rocks help to
provide a more complete picture of the story of DETO.

In ascending ordeo(dest to younge}tthe geologic formations at DETO incluthe Spearfish
Formation (PermiaiTriassic), Gypsum Spring Formation (Middle Jurassic), and four distinct
members of the Sundance Formation (MidtlpperJurassic)with an unconfirmed report of a
Morrison Formation (Upper Jurassic) outli€éhese formatiosare frequently overlain by
unconsolidated deposits, such as talus fronTtheer, residuunpossibly fromthe Lakota

Formation, and alluvium in the floodplain of the Belle Fourche River. The Spearfish and Gypsum
Spring formations appear to be unfossilfies. On the other hand, tBendance Formatigoreserves

a variety ofmarinefossils, primarilyfragments obelemnite cephalopods and beds of bivalve shells
in DETO.Rare evidence of vertebrates has also been faumsl.unit was deposited approximately
167 to 160 million years ago during multiple marine transgressions (advances) and regressions
(retreats)which are responsible for the different members of the formation. Exposures of the most
fossiliferous parts of the Sundance Formation are limited in@Bbut they show thriving shallow
marine ecosystemSmall numbers of fossils have also been reported from the Upper Jurassic
Morrison Formation, Lower Cretaceodsakota Formation, and an unus@iajglomerate unit of
igneous origin, although all but possibly the Morrison Formation occurrence are didptacebeir
original contexts

Many of the fossils of DETO arccessible frontrails or roads, which increases their risk of loss
through unauthorized collgon or damage (intentional or unintentionajd there is anecdotal
evidence of occasional collecting at the monumleraddition, the deep cultural significance of the
Towerand associated resources leads to some complications for paleontologiaaleresou
managemenDETO has had site monitoring programs in the past, and it is recommended that they
resume.
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Introduction

Devils Tower National Monument (DET@ncompasses45.08 lkectareg1,346.91 acres)f land in
central Crook County, northeastern Wyoming. All of its land is under federal administration. DETO
was established to protect the stmdgigneous monolith known widely as Devils TowEigure 1)
situated just northwesif the Belle Fourche RivdFigure 3. The Tower, 265m (867 ft) tall with a

fluted or striated appearandae to its columnar internal structure, has ireghoeople forthousands

of years DETO was the natids first national monument, being proclaimed September 24, 1906
predating the 1916 establishment of the National Park Service (N®Bpundaries havehanged

once, on August 9, 1955.

Figure 1. Devils Tower viewed from the Joyner Ridge Trail (NPS/JUSTIN TWEET).

DETO is located in the northwestern Black Hills, with the Powder River Basin to the west and south
(Love and Christiansen 1985). Devils Tower is near the collapsed center of a largéRabimson

1956). The Missouri Buttes, which include igneous rocks that are comparable to those of Devils
Tower, arecentered about 4 km (2.5 km; distances are straight lines) northwest of DET@eand t
Bear Lodge Mountainare centered about 24 km (15 mdutheast of DETO. The town of Hulett is
about 12km (7.5 mi) northeast of DETO, Sundance is aba2ik (20 mi) to the sotheast, and

Gillette is about 69 km (48i) to the southwesDETO is one ofL6 NPS units included in the

Northern Great Plains Inveary & Monitoring Network (NGPN).
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Figure 2. Geography of DETO, showing park boundaries, roads, and other features (NPS map).

The boundaries of DETO encompass a roughly segstaaped parcelyith the square shape
interrupted on the southedst the BelleFourche River. Thearcel is centered on tf@mousTower,
the exposed portion of an igneous body that intrudiedUpperPaleozoic and Mesozoic
sedimentary rockduring the Eocenésee AppendiD for a geologic time scaleJhe Toweris
surrounded by talus field of blocks it has shed over tin@utcrops of several sedimentary
formationsare visible around it, in ascending order (oldest to youngest) the Spearfish Formation
(Permiaifi Triassic), Gypsum Spring Formation (Middle Jurassic), and Sundramogation (MiddIé
Upper Jurassidfigure 3) Older units are generally exposkadther from thelower, except in
western and northwestern DET@nd outcrops are absdéram the floodplain othe Belle Fourche
Riverin southeastern DET@&ach of thebedro& units represent deposition in or adjacent to shallow
continental seas-ossils have not been found irettwo lower formationgithin or nearDETO, but

2



marine fossils such as bivalve shells and belemnite (digeidnimals) hard parts are abundant in
certain beds ofthe Sundance FormatigRigure 4.

Significance of Paleontological Resources at DETO

The fossils of DETO help to showdltomplete picture of the park. A full understanding of the
bedrock is necessary to evaluate the many hypotheses putddowvéhe origin of théloweritself,
and fossils are an important part of characterizing formatAssuch, ey are also useful
educational and outreach todisr examplejt is easier to explain the nature of the bedrock by
showing fossil seasheltban by a discussion of sedimentology. In additibay are of concern for
resource management becausmynof the fossils have characteristics that make tggmealingor
the casual or souvenir collector: they are portable, durable, and easily redagniossils, and in
some cases can be found on or near toaiteads

Purpose and Need

The NPS is required to manage its lands and resources in accordance with federal laws, regulations,
management policies, guidelines, and scientific principles. Téatb®rities and guidance directly
applicable to paleontological resources are cited below. Paleontological resource inventories have
been developed by the NPS in order to compile information regarding the scope, significance,
distribution and managemergsues associated with fosgbource present within parks. This

information is intended to increase awareness of park fossilgsa@dntologicalssues in order to

inform management decisions and actions that comply with these laws, directd/psliairs. See
Appendk C for additional information on applicable laws and legislation.

Project Objectives

This parkfocused paleontological resource inventory project was initiatpdovide information to
DETO staff for use in formulating managementiaties and procedures that would enable
compliance with related laws, regulations, policy, and management guidelines. Additionally, this
project will facilitate future research and resource management associated with the paleontological
resources d@DETO. Methods and tasks addressed in this inventory report include: locating,
identifying, and documenting paleontological resource localities through field reconnaissance using
photography, GPS data, and standardized forms; relocating and assessing Histalittas;

assessing collections BETO fossils maintained within the park collections and in outside
repositories; and a thorough search for relevant publications, unpublished geologic notes, and outsid
fossil collections from DETO
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History of Paleontological Work at DETO

The geology of DETO has been described in a number of publicalitmss are focused on aspects
of Devils Tower with a few devoted to placing the sedimentary raeitsin the broader contexts of
their formations as they are known across Wyoming, South Dakota, and otherRtbtesitions

that deal more broadly with DETO geolgg@y include information about the paleontology of the
monumentjncludeJaggar (1901 Darton and @Harra (1907), Effinger (1934), Robinson (1956),
Peck (1957), Bowen (1961), Robinson et al. (19B4ytman (19751976, 1978),Hall and Stewart
(1977),Halvorson (1980)Karner and Halvorson (1987, 1989a, 1989b), Karner and Patelke (1989),
Robinsonand Davis (1995)Duke et al. (2002)Rogers (2007)Graham (2008)Bossenbroek (2011),
Tweetet al. (2011), and Zavada et &015) The NPS Geologic Resources Division coordinated a
geologic resources inventory scoping ses$ay DETO during June 200@roduced a geologic
resources evaluation report for DETO in 2008 (Graham 2@0®i) produced aetworklevel NGPN
paleontological inventory in 2011 which included a chapter on DETO (Tweet et al. 2011).

The first scientific documentation of Devils Towacurred in 187%s part of the expedition led by
Richard Irving Dodgewith early accounts of thEowerin Dodge (1876) and Newton and Jenney
(1880).The expeditiorwas also the beginning of the controversy ovefTibwerts name. Prior to
Dodge, it had beeknown on maps as Bear Lodge or Mato Teepee (Newton and Jenney 1880;
Russell 1896). Dodge received an apparent mistranslattiithe bad gods towero which was
revised taiDevilGs Toweb and has since becomBevils Towero Therepersised some use @ear
Lodge or Mato Teepee/Tipi in geologic reports of the lateaifil early 28 centuriegNewton and
Jenney 1880Carpenter 1888Russell 1896Jaggar 1901; Whitfield and Hovey 1908} has been
true throughout the history of geological investigatiohBETO, the early ingstigators focused
their attentioron theTower. Whitfield (1880) reported the presence of some Jurassic bivalve and
belemnite taxa near tiewerbut almost certainly outside of DETO boundari@est entries
mentionlocatiors as eiher south or east of the Belle Fole River and there are no outcrops within
DETO south or east of the riveFhe first documentation of fossils at what is now DEAfpears to
be in Jaggar (19QFigure 9, butthere are few details in this publicatidviost of therelevant
information is included in passing in a generalized stratigraphic section (repeated in Effinger 1934):

1) Quartzite

2) Tancrediala type of bivalve]imestone

3) Smoky finelimestone

4) Belemnite shle

5) Oyster bed

6) Tenderbuff (sometimes pinkpluff-forming sandstone
7) Green shle

8) Thick hard shell bed

9) Buff marl over gypsiferous red bed marl



Unfortunately, Jaggar did not include thicknedseshese geologic unitsvhich could have made it
possible to determine, for example, if the Speaifisimation is included with the Gypsum Spring
Formation. Based on lithological descriptions and relative positions, it seems probable thé& Jaggar
section can be interpreted in the following manner:

Bed 1, the quartzite, is likely remnantsbkota Form&on sandstone, also reported by
Robinson (1956);

Beds 2 through 5 appear to be different levels of the Redwater Shale Member of the Sundance
Formation;

Bed 6, the blufforming sandstone, is certainly at least the Hulett Sandstone Member of the
Sundance érmation, and may also include the poorly exposed overlying Lak Member, which i
predominantly sandstone

Beds 7 and 8 probably both pertain to the Stockade Beaver Shale Member of the Sundance
Formation;

Bed 9 appears to be a combination of the Gypsurm@piormation and underlying Spearfish
Formation, because both units have red beds, marly beds, and gmsumlower Stockade
Beaver Shale Member may also be included in the buff. marl

Jaggar also reported silicified wood and roots in the quartzite, arxb@ferous brachiopod@amp
shell®) in a limestone fragment which carfiem flagglomerat®

Fi1a. 95.—Mato Teepee and Little Missourl Buttes from the southeast.

Figure 5. Historical illustration of the Tower (Jaggar 1901).

Over the next few decades, Devils Tower figured briefly in larger discussions of Black Hidgyeo
(Darton and @arra 1907; Darton 1909), but nothing was published on its fossils. Howes=i, f

8



collecting was being done in the Jurassic rocks of the immediate vicinity of DETO in the darly 20
century, and some specimens have been describeel litetiature (Whitfield and Hovey 1906;

Reeside 1919; Imlay 1982). brief geological report on DETO was produced in 1934 (Effinger

1934), although there is little new information on the sedimentary rocks and fossils. In fact, it should
be noted that podns of the text in Effinger (1934) are taken verbatim from Jaggar (1901) and
Darton (1909) without clear attribution, and the occasional citations of the authors elsewhere in the
text give the impression that the copied uncited sections are E@Bngerk It appears that every

report of a fossil occurrence or fossiliferous horizon in Effinger (1934) is derived directly from
Jaggar (1901)0f greater interest, although less widely known, are the observations of longtime early
lead custodian (equivalent soperintendent) Newell Joyngactive 19321949). Early in his tenure,
Joyner collected examples of the belemnite fossils of the monumertebralight dinosaur bones

to the monument for preparation and exhibition (Reg@é07). He also made a tantaligin

observation that a dinosaur bone had beekep up orwhat became the Red Beds Trail (1939
proposal reprinted in Rogers 200[)is not known what happened to any of this material.

Perhapshe most importandocument from the standpoint of understagdime sedimentary rocks at
DETO was published in 1956 by Charles S. Robirieothe U.S. Geological SurvéiSGS)

(Robinson 1956). This work identified the geological units of the monument and included a detailed
(scale 1:4,800) geologic mapmittingonly the lands added to southern DETO in 1988binson

later included this research in a report of the surrounding area (Robinson et glah8i6a)a revised
versionfor the publicas Robinson and Davis (1998)SGS paleontologists were also activaird

around DETO in the 1950s. Peck (1957) documented an assemblage of charophyte algae from a
Morrison Formation outlier within DETO, and Sohn (1958) and Sohn and Peck (1963) documented
ostracodesfeed shrim¢) from just outside of the monument.perhgs hemost unusual
publishedappeaanceof a DETO fossil, Bowen (1961) included a belemnite from the monument in a
stable isotope study examining paleotemperatures.

Sedimentary units at DETO would play supporting roles in several theses and dissertatidhe
next few decades (Rautman 89Havorson 1980; Bossenbroek 2011), but fossils were mentioned
only in passing, if at alMost of the recent information on DETO fossils comes from internal NPS
documents and personal observati@iETO staff undedok paleontological resourgaonitoring
during 19941996 and 20072013. The first period gfaleontological resouraaonitoring produced
threeinternal repod (Moroge 1994; Holbeck995,1996).Tweet et al. (2011) provided the first
summary of DETO paledology, although it overlooked some important reports.

The immediatestimulusfor this report was the discovery by Chris Racalia2017 of vertebrate

material within the monumenvincent L. Santucci, NPS Senior Paleontologist, was contacted about
thefossil discovery at DETO and the park submitted a technical assistance request (STAR #7061) in
2018 to develop a strategy for assessment and preservation of the fossil spEcisatisfy this

STAR, Darrin Pagnac§DSM&T) and Ed Welsh (BADLYisited DETOJanuary25,2018 to

investigae the vertebratdodyfossils which they documented in amernal repor{Pagnac and

Welsh 2018)They recommended collection, but a tribal consultation (Octb&elr9, 2018) was

against thisPlanning and communication between DETO staff and the NPS Paleontology Program
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staff shortly before the tribal consultatioasulted in planning for a fieldased paleontological
resource inventory for DETO during 2019 and the original technical assiseanesst was
incorporated into a new request (STAR #930®)esponse, lead author Justin Tweet visited DETO
June3i 6, 2019.Thistechnical assistance requestswhe genesis for this report.
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Summary of 2019 Paleontological Resource Inventory

Justin Tweet visited DETQlune3i 6, 2019to perform field work foISTAR #9309 On June 3after
meeting Superintendent Amnesty Kochanowski and discussing the phgjgetye presentations on
DETO paleontology and NPS paleontological resources and management thestaffiade
preliminary visits to some sites with Phil Knecht, assessed the archival material thatheasipn
and made an initial exploration along part of the Red Beds Dmailune 4 he met Chief of
Resource Management Rene Ohms, who provided him with additional digital archival material.
Chris Racalso visitedon June 4rom Rocky Mountain National Park and showed Tweet the
localities he had recordeds well as the interptiee collections OnJune 56, Tweet made solo
excursions across the monumentluding all trails except the Valley View Trail (omitted as over
recent alluvium). Through these activities, Tweet was able to assess the known paleontological
localities,identify some new localitiegndassess the trails for access to fossiliferous sites,
received a fuller accounting of park paleontologreglourcenanagement and interpretive etfor
Detailed locality informaon is included in a restricteglccess versn of this reportThe most
significant result of this survey wéscatingtwo previously unreported locations with abundant
surface belemnite fossils, adjacentdads or trails. Tweet also found evidegoacerninghe fates

of some of the paleontolagal specimens previously in DETO collections, with two of them present
in collections as late as 2001 and one still at the monument in the interpretive collection.
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Geology

Geologic History

The rocks and sedimeygxposedcat DETOalmost all date téour general spans of geologic time: the
Permiafi Triassic, the Middle and early Late Jurassic,ddudy Eocene, and the Quaternary (see
AppendixD for a geological time scalepotential outliers and residuum may represent the later Late
Jurassic and Early Cretaceous, andiagglomeratéincludes rock fragmestas old as the
Precambrianin general, théermian, Triassic, and Jurassic rooksord periods of marine advances
andretreats (transgressioregression cycles). The Black Hilds a wholdave exposures of rocks

from approximately the past 2.5 billion years, and the other NPS units of the Black Hills and the
vicinity include much of this geologic histor

The oldest roks foundin situ at DETO are assigned to the Spearfish Formation, and record events
that occurred sometime near therRian Triassic boundary of 251a (million years ago)The

Permiaii Triassic boundary was marked by a marine incursion in noréreadtyoming, as a

shallow seadvanced intéhe area (Sabel 1984). Following the Triassic marine regression, there was
uplift and erosion in the DETO area (Robinson 1956).

Marine deposition returned to what is now northeastern Wyoming during the Jurassttalésia s
seaway (average depth less than 100830 ft) spread south from the Arcti€vale et al. 2001).

The seaway, known as the Sundance Seaway, submerged significant parts of what are now Montana
and Wyoming and stretched into neighboring states @2aamd Holland 2018Retween

approximately 170 and 155 Ma, theography of thehoreline underwent several largeale shifts

resulting ina variety of different rock types as the depositional environment cha@gedtal desert,
carbonate ramp marinand wavedominated shelf marine deposition prevailed at various times in

the DETO area, agcorded irthe Gypsum Spring Formation and Sundance Formébanise and
Holland2018. At the same time, regional climate changed from aral twore semarid shte,

perhaps due to overall global cooling and the northward movement of North America bringing
northern Wyoming out of the arid subtropical {€lainise and Holland 2017, 2018y the time of
deposition of the upper Sundance Formatapproximately 16Ma, northern Wyomindhad reached
apaleolatitdenear35° N (Danise and Holland 20J,.8DETOIs presently at 44.6X latitude.

Terrestrial deposition resumed in the area following the retreat of the Sundance Sea, with rocks from
this time (the Morrison Formation) represented in the area around DETO but not present within
monumenboundariesexcept perhaps as a smaltlen (Peck 1957)

The Black Hills, a large asymmetric doubly plunging anticlimere generally speaking dome;

rock deformation has caused the uplift of a central afea)ed during a great mountaluilding

event known as thiearamide Orogeny (Karmel989). The core of the Black Hills is maaieof very

old rocks, formed during the Precambrian and metamorphosed when two large continental blocks
collided during part of the assembly of North America (Karner 1989). The initial uplift of the Black
Hills occurred during the Paleocene, with the exposure of its ancient Precambrian core possibly
dating to the late Eocene (Evans 1999). Erosion produced much of its present surface by the late
Oligocene (Karner and Halvorson 1989a). Unlike today, eroding matestransported to the
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northeastDuring the middle Cenozoic, more tha@dmillion years ago, a drainage divide ran east to
west across Wyoming. DETO was on the north side of the divide, with drainage flowing to the Arctic
Ocean. It is thought that a ax {iPumpkin Buttes Rive) flowed near where DETO is now situated
(Seeland 1985).

Devils Towerwas formed as part of a larger igneous event that occurred during the Pakaotene
Eocene in the Black Hill8ear Lodge Mountains area. It was one of 13 migjoeous centers

(Karner and Patelke 1989). Igneous activity in the northern Black Hills z@ganximately68 Ma

and moved west, with episodes at 55 to 54 Ma and 49.6 to 46 Ma. Devils Tower and the Missouri
Buttes formed at about the same time duringniost recentepisode, with Devils Tower dated to
49.04 + 0.16 Ma, and the Missouri Buttes dated to 49.24 + 0.28 Ma (Duke et al. 2002). For such a
well-known feature, the origin of Devils Tower is still not clear. Interpretations of Devils Tower
include: a wlcanic necKarner and Halvorson 1989lpart of a larger tabular igneous body that
vented under the Missouriutes to the northwegarner and Halvorson 19893 sill (an intruding
igneous body that follows preexisting beddifigarner and Halvorsoh989b) a laccolith (an

igneous body similar to a sill but under enough pressure to cause dddaiggar 1901Karner and
Halvorson 1989b); atock (asmall igneous body, ngrimarily horizontal likea laccolith or sil)
(Robinson 1956)a volcanic conditi (Halvorson 198Q)and an erosional remnant of lava and other
volcanic rocks that filled enaar(a craterformed by groundwater flaghoiling on contact with a

buried magmatic bodyréavada et al2015.

Wyoming landforms have been sculpted by varioeegsses during the Neoge28 (Ma to the

present, including thBliocene Pliocene, Pleistocene, and Holocgmecluding uplift, faulting, the
establishment gbrecursors to the modednainage systems, and climate changes (Flanagan and
Montagne 1993)Neogeneuplift in the Black Hills region occurred near the Oligoddviecene

boundary at 23 Ma and in a pulse beginning approximately 17 Ma and continuing to the Pleistocene
(Steidtmann et al. 1989; Flanagan and Montagne 1993; Mears 1993). Downfaultingdac

western Wyoming between 17 and 13 Ma (Flanagan and Montagne 1993). More recently, Devils
Tower has been exposed in its present form by the action of the Belle Fourche River drainage system
(Graham 2008).

During the past 12,000 yeatke climate hsshiftedto a drier and warmer climatic regimempared

to the cold late PleistoceriReider 198Q)with a corresponding shift from tundra to grasslands

(Walker and Frison 1980). During the Holocene there have been distmhaldry periods from

7,50 to 5,400 years ago and 2,800 years ago to the present (Lyford et al. 2003). The Black Hills may
have been an oasis of humidity during the dry episodeso(fet al. 1976).

Geologic units exposed in DETO includge ascending ordeo(dest to youngektthe Spearfish
Formation (PermiaiTriassic), the Gypsum Spring Formation (Middle Jurassic), the Sundance
Formation (Stockade Beaver Shale, Hulett Sandstone, Lak, and Redwater Shale membeis, Middle
Upper Jurassicfjagglomeratéandthe phonolite porphyrgf Devils Tower [ower Eocene), talus

(rock fragments surrounding cliffs and rock walls) and landslide deposits (shed during the
Pleistocene and Holocene), and stream terrace deposits and alluvium (Pleistotmrene) (Table

1) (Figure 3 (Robinson 1956Graham 2008Zavada et al. 20)5A small outlier of the Morrison
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Formation (Peck 1957) arlakota Formation erosional residuum (Robinson 19&&e also been
reported Several of these formations are fossiliferous within DETO, including the Sundance
Fomation, the Morrison Formation outlier, tReakota Formation residuum, and tieegglomerate

(Table 1). The Spearfish Formation and Gypsum Spring Formation are not known to be fossiliferous

within DETO, but are potentially fossiliferous.

Table 1. Summary of DETO stratigraphy, fossils, and depositional settings in descending order of age,
from youngest to oldest. Details and references can be found in the text and in Tweet et al. (2011).

Formation Age Fossils Within DETO Depositional Environment
Quatern_ary rocks Pleistocenei None to date P.rlmarlly deposition assogated
and sediments Holocene with the Belle Fourche River

Talus and landslide
deposits

Post-early Eocene
erosion

None to date

Primarily phonolite shed from
Tower and Sundance Formation
sandstone shed from bluffs

Phonolite of Devils
Tower

early Eocene

Unfossiliferous

Not applicable (igneous)

fAgglomerated

early Eocene, with
components as
old as
Precambrian

Early Cretaceous? coal,
Carboniferous-aged brachiopods,
and other unspecified fossils from
included clasts

Rock fragments of various ages
entrained in volcanic matrix or as
xenoliths in intrusive rocks

?Lakota Formation
residuum

Early
Cretaceous?

Petrified wood and tree roots

Fluvial and floodplain deposition

Morrison Formation

Late Jurassic

Charophytes

Fluvial, floodplain, lacustrine, etc.

Sundance
Formation

Middlei Late
Jurassic

Brachiopods, bivalves, belemnites,
other marine invertebrates,
vertebrates (most likely ray-finned
fish), and bioturbation; likely
isolated invertebrate burrows;
possibly conifer fragments,
ammonites, and vertebrate tracks

Shallow marine and coastal
terrestrial, including tidal flats

Gypsum Spring
Formation

Middle Jurassic

None to date

Coastal marine, tidal flat, and
desert mudflat

Spearfish Formation

Permiani Triassic

None to date

Restricted marine to coastline
terrestrial

Geologic Formations

Spearfish Formation (Permiani Triassic)
Lithology: Generally slopdorming red to maroon siltstone and sandstone, inteide with

mudstone or shale, with local greenldlne shale partingg-igure §. The upper contact with the
Gypsum Spring Formation is unconformable. Outcrops can be seen in southern and northeastern
DETO along the Belle Fourche River valley, forming brafrto maroon cliffs (Robinson 1956).
Approximately the upper 30 m (100 ft) is exposed in DETO (Robinson 1956), antavierall
thickness of 450600 m (140180 ft) in the northern Black Hills region (Darton 1909)
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Figure 6. The Spearfish Formation as viewed from the southeastern Red Beds Trail. More resistant beds
can be seen interrupting the smooth profile of the eroding red hills. The overlying light-colored rocks
belong to the Gypsum Spring Formation and the Stockade Beaver Shale Member of the Sundance
Formation. On the right is the Belle Fourche River (NPS/JUSTIN TWEET).

The Spearfish Formatiowas deposited in various shallow marine and terrestrial settfiag®us

lithologies have been ascribed to certain depositisgitings and conditions. For example, gypsum

is interpreted as representing restricted marine or ephemeral lake deposition; siltstone is interpreted
as low energy marine or lake deposition; limestone is interpreted as having been deposited under
hypersalie water, with oil shale as hypersaline algal mats; and dolomite is interpreted as having

been deposited on a sabkha (salt flat). These rock types also reflect changes in the depositional basin
over time, as the marine waters of the shallow continentakseated, and the environment shifted

from dominantly nearshore marine to salt flat to tittemrzal terrestrial Deposition occurred during

the Permian and Triassic (Sabel 1984).

Fossils found withiDETO: Noneto date, although fossils eroded from therying Sundance
Formation are sometimes found as fllabse specimen®n Spearfish-ormationoutcrops.
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Fossils found elsewher&he Spearfish Formation is sparsely fossiliferimugeneral To date, fossils
reported from the formation include strométs and othemicrobial structures in limestone and oil
shale beds, and bivalve casts and trace fossils in siltstone (Sabel 1984).

Gypsum Spring Formation (Middle Jurassic)

Lithology: White gypsum antesserdark maroon mudsit®,sometimegonspicuoudetween the
underlying red Spearfish Formation and overlying ggesen shale of the lower Sundance Formation
(Figure 6) The upper contact with the Sundance Formation is unconforntdi#eGypsum Spring
Formation crops ouwithin DETOn a thin, nearly cotinuous bandunning around th&oweron its
northeast teouthwest sidest is 4.6 11 m (13 35 ft) thick in DETO, with this variation due to
erosion that occurred before the deposition of the Sundance FornTdtelower3.61 6 m (12 20 ft)

of theformation is primarily gypsum, with beds of red or darker brown mudstone appadave

this interval(Robinson 1956)

The Gypsum Spring Formatiavas deposited in marine and marajacent setting8@/Vright 1974;
Clement and Holland 2016; Danise and Holla@d®). It is divisible into informal lower, middle,

and upper members. In the northwestern Black Hills, the lower and upper members are trsmcated,
the middle membemakes up most of the formation. The lower and upper members primarily
represent desert rdflat deposition in the northwestertaBk Hills, but the middle member includes

the shallow end of the marine carbonate ramp of the Sundance Seaway, with subtidal and peritidal
deposition and more terrestrial settings to the sqiltanise and Holland 2@). The climate has

been interpreted a least seasonally arid (Kvale et al. 20@gpositon occurredduring the middle
Middle Jurassicprimarily in the BajociarAge (Imlay 1980 Danise and Holland 20),8cetween
approximately 170.3 and 168.3 Ma.

Fosdls found withinDETO: Noneto date;a sparse, lovdiversity fauna of mostlpivalves and
gastropodss possibldn subtidal rockgS. Holland, University of Georgia, pers. comm., July 2019).

Fossils found elsewher&he Gypsum Spring Formation is spardelssiliferous in generaBome
reports ofGypsum Spring Formatidiossils from the vicinity of DETO (Imlay 194T)stead appear
to have come frorthe overlying Sundance Formation (Mapel and Bergendahl 1966)nearest
knownfossiltbearing locality is atut 24 km (15 miles) northeast of DET@Where ostracodgg$iseed
shrimpd) have been reportddbm the upper part of the formati (Mapel and Bergendahl 1956
Robinson et al. 1964

Sundance Formation (Middlei Upper Jurassic)

Lithology: In general, alternatmiigreeniskgray shale, lighgray to yellowishkbrown sandstone and
siltstone, and gray limestonéRobinson 1956). Of the five members of the Sundance Formation
defined by Imlay (1947), the upper four are mapped within DETO, in ascending order the &tockad
Beaver Shale Member, the Hulett Sandstone Member, the Lak Member, and the Redwater Shale
Member (Robinson 1956).

The Stockade Beaver Shale Member, the lowest member, is a poorly exposed shale unit
approximately 2631 m (85 100 ft) thick The lower and uper halves of the member are slightly
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different. At the very base is a conglomeratic sandstonei&dd@n (1 24 in) thick featuring dark
chert pebbles. Above this, the rest of the lower half is primarily-gragn shale with local limy
sandstone, impur@nestone, and thin beds of red siltstone. The upper half is composed gfrdgrk
to graygreen shale with beds of &mgrained limy sandstone 0.3 m (I 6 ft) thick. Within DETO,
the lower part is best exposed on the hill at the east boundary andstegipeslope south of the
Tower (Figure 7, and the upper part is best exposed on the southfside ndge north of the
Tower. The upper contact with théulett Sandstone Member is gradational, sqaaced where
sandstone first composes more than B9%e rocks (Robinson 1956).

Figure 7. Thin gray beds of the Stockade Beaver Shale Member south of the Tower have been protected
from erosion by fallen blocks of the Hulett Sandstone Member (not visible in this photo) (NPS/JUSTIN
TWEET).

The overlying Hilett Sandstone Membertise most visible of the four memisen DETO. Its
resistant rock form a cliff around th&ower (Figure §. This member is mostly made up of massive
fine-grained glauconitic (rich in the green mineral glauconite) limy sandsteneraly yellow or
brownish yellow with local pink and red beds. Thin partings of gray to gregrashshale are found
in the lower part of the member, part of the transition from the Stockade Beaver Shale Mémaber.
uppermost beds of thdulett Sandstom Memberare also locally shaly, as the member grades into
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the overlying Lak Member. Overall, the Hulett Sandstone Menshggnerally 1821 m (60 70 ft)
thick (Robinson 1956).
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Figure 8. A bluff of the Hulett Sandstone Member along the Red Beds Trail (NPS/JUSTIN TWEET).

The Lak Member also contains a significant amount of sandstoni¢j$uabt as resistant to erosion

as the Hulett Sandstone Member and thus is not as well exposed. Within DETO it is best exposed on
the steep hill east of theowerand nathwest of the bridge over the Belle Fourche River. It is

generally about 14 (6 ft) thick in the area, locally up to about 20 m (65 ft) nearTibwer. It is

mostly made up of yellow to yellowish brown, intergrading, vimg-grained limy sandstone and
siltstone(Figure 9, with a few thin partings of gragreen shale and a few thin resistant sandstone

beds near the base and top of the mer{fRebinson 1956). Robinson (1956) was only able to find

the contact with the overlying Redtea Shale Member aine placan DETO, anchedid not offer an
interpretation of the type of conta@te contact is reported as disconformable elsewhere (Imlay

1947; Kvale et al. 2001).
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Figure 9. A heavily eroded exposure of the Lak Member (NPS/JUSTIN TWEET).

Finally, theuppermost member of the Sundance Formation at DETO is the RedwatelM8hdier.

It is generally poorly exposed in the monument; it is armesmstant unit, and over most of the area
where it might otherwise be visible it is covered by vegetation or (Rlolsinson 1956). Robinson
(1956) could not identify a complete section within DETO, and so could not determine a complete
thickness, but found it to be at least 30 m (100 ft) thick on the hill in northwestern DETO. A
complete section would be sifinantly thicker, perhaps 468 m (150190 ft) thick (Robinson
1956).The member is primarily composed of light gray to dark gnaen shale in DETO, with

some yellow softandstone in the loweli ® m (20 30 ft), and lenticular beds of fossiliferous
limestone inthe upper half of the DETO secti@Rigure 10) There is a possibility that some of the
basal Redwater Shale Member of DETO as described by Robinson (1956) belongs to a different unit
of the Sundance Formatiptihe Pine Butte Memberf Pipiringos (1968), stimplied in Rautman

(1978), but a formal division has not been made.

The Sundance Formation is a maramal coastal terrestrial uniwith multiple marine advances and
retreatgDanise and Hollan@017,2018).The Stockade Beaver Shale Membgthe DETOareais
interpreted as marine offshore transitional unit thi occasional shell beds, while the overlying

Hulett Member is interpreted as a shoreface sanddbatie units being part of an open shelf setting
(Danise and Holland 2018fhe Lak Member is pmarily terrestrial in origin, and appears to have
been deposited by dryland riverithin a deserin the DETO are#Danise and Holland 2018)

Finally, the Redwater Shale Member is an open marine unit (Danise and Hollandd2@i®)jied

under deeper wat¢han the Stockade Bear Shale Member (Wright 1974)he climate wast least
seasonally aridvale et al. 200}, but not as arid as what prevailed during deposition of the Gypsum
Spring Formation (Danise and Holland 2018)elemnite from DETO wasubjected to isotopic
analysis to determine paleotemperature, and returned a value of 19.6 °C (67.3 °F) (Bowen 1961).
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Figure 10. Remnants of a ledge of Redwater Shale Member limestone (NPS/JUSTIN TWEET).

The Sundance Formation was deposited during the Middle and Late Jurassic, flat@Bh&onian
to the middle Oxfordiaim the DETO areéimlay 198Q Danise and Holland 20),8etween
approximately 167 and 160 MBaunal zones reported from the Redw&teale Member (Imlay
1947 1980) indicate it was deposited during the early and early middle Oxfdegiproximately
163 160.5 Ma) Presumably only aolder fraction of this rangis representedt DETO due to
stratigraphidncompleteness.

Fossils found vthin DETO: All of the Sundance Formation members appear to be fossiliferous
within DETO. The majority ofthefossils come from the Redwater Shislember Jaggar (1901)
reported a shell bed in rocks that can be assigned to the Stockade Beaver Shale Rerapemd
Tweet found a single wetlefinedsmallbivalvein float from thisunit or the Hulett Sandstone
Member(Figure 1), as well as what may be a small accumulation of shell fragments and a
possible example of conifer foliageigure 1B), andtheyobservedseveral thin bivalvéearing

stones lyingasfloat on Spearfish Formation outcro@gsgure 12) Thesewerethinner than the
bivalve-rich blocksseen inhe Redwater Shale Member and could have easily descended from an
original position in the Stoelde Beaver Shale tgdope.The floatsite is similar to the belemnite
locality reported in Holbeck (19961 whicha small deposit of belemnites had been fooear the
main road thebedrock at this place the Spearfish Formation, but the belemnitesthought to

have been eroded from the Stockade Beaver Shale Member (Holbeck 1996). Tweet was unable to
relocate this site, but is of the opinion that similar sporadaurrence ofdisplacedSundance
Formaion fossilsare likely present throughout DET@t a different site, aother small well
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preserved bivalve was found on a float chip most likely from the Stockade Beaver Shale Member,
with a chance of being from the Hulett Sandstbleenber

Rautman (1978& stratigraphic column for Devils Tower identdiéhe lower Hulett Sandstone

Member as bioturbated. Tweet observed probable simple invertebrate burrows in outcrops of the
bluff-forming portion of the member (Figure 13). Racay showed Tweet possible sauropod dinosaur
tracks in a massive fallen block oighmember.

Racay and Tweet found abundant belemnites and a bivalve fragment at one locality in the Lak
Member, and Tweet later observed belemratebe surface at similar areaf exposuresOther
exposurswere checked but did not prove to be fosgitites Steven Holland is skeptical that any
unit at DETO other than the Redwater Shale Member produces belerandgsoposethateither

the fossilshad beertransportedrom the Redwater Shale Membmrtheobservedinit is not the Lak
Member(pers. comm., July 2019Because there is no evidence that Robinson (1956) mapped the
units incorrectly, and none of the observed fossils were definitely in situ, the first explanation is
preferred here.

Attt 20 50

Figure 11. Fossils and possible fossils in float attributed to the Stockade Beaver Shale Member of the
Sundance Formation (NPS/JUSTIN TWEET). A. A bivalve cast highlighted by moisture. B. Possible
conifer foliage. The scale bar used by Tweet throughout this report is metric, measuring in cm (numbers
and checkered squares) and mm (tick marks).
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Figure 12. Two examples of bivalve-bearing cobbles found as float on the Spearfish Formation, most
likely eroded from the Stockade Beaver Shale Member (NPS/JUSTIN TWEET).

Figure 13. A probable invertebrate burrow exposed in relief on a Hulett Sandstone Member face
(NPS/JUSTIN TWEET).

The Redwater Shale Member is the most fossiliferous meddggar {901) recognized several
fossiliferous horizons in rocks that can be attributed to the Redwater Shale Migrtibeing an

oyster bed, a bed shells of the bivalvdancredia and a belemnite shale layer. TDETO

belemnite specimen used for Bowen (1961) is a specimeadbfyteuthis densuRobinson and

Davis (1995)bserved the preseno&Ostreasp.(an oyste). Based orRacays and Twedbs

observations, bivalves are extremely abundant in some beds, which can be largely composed of these
fossils. They appear to be mostly natural molds and castssevitboriginal shell material

remaining. Belemnites are genkyranot found in the bivalve shell horizonand were almost entirely

found as incomplete loose specimgm®sumably having weathered out of figeained rocks than
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the more esistant bivalveich horizonsThe faunal difference suggeststbivalves ad belemnites
pertain todifferent depositional facies.

The vertebrate specimeiiscoveredy Racayappears to bgom the Redwater Shale Member as

well. Pagnac and Welsh (2018) did not assign the locality to a member of the formation due to lack
of suitabk outcrops for comparative purposkst the bivalveich rocks match those assigned to the
Redwater Shale Membby Robinson(1956), and the only unit mappedtive discoveryarea by
Robinson is the Redwater Shale Membeshell bedapproximately 2.03.0cm (about 1 inch) thick

is found on the same block as the bofié® vertebrate remains may pertain to a bony fish or,
possibly, a juvenile marine reptile (Pagnac and Welsh 2@tRltional undiagnostic bone

fragments calbe seen on other nearby blocRsaicay also noted the presence of brachiopods, clams,
and belemnites at the site.

Graham (2008) reported thH#97excavations for a sewagesdosal system yielded belemnite

fossils from below the surfac&hese fossilswhether they were in situ displa@d,almost certainly

came from the Sundance Formation, based on the known productivity and fossil assemblages of the
other formations of DETOTl'he purported dinosaur bone recovered from the future Red Beds Trail
(Rogers 2007), if indeed a fossil boneulcbhave easily been a bone frarBundance Formation

marine reptile.

Fossils found elsewher®f the four Sundance Formation members identified from DETO, the
Stockade Beaver Shale Member and the Redwater Shale Member have yielded the greatest quantity
anddiversity of fossils outside of DETO.

The Stockade Beaver Shale Member is fossiliferous across its depositional area, although it is less
fossiliferous in the northern part of the Black Hills than it is in the south (Imlay 1947; Herrick and
Schram 1978).t$ faunal assemblage includes foraminiféan{oebas witlshell®) (Loeblich and

Tappan 1950apryozoans\\Vright 1973, brachiopods, bivalves, ammonite and belemnite
cephalopods (Imlay47), ostracode@Nright 1974) decapodrustacean&rabs, lobsterand

allies) (Herrick and Schram 1978; Feldmann 19@@hiuroids(brittle stas) (Pipiringos 1957

Massare et al. 2@, crinoids(fisea lilie®) (Imlay 1947), marine invertebrate trace fossils such as
burrows (Wright 1973) anborings Conroy et al. 2002 sharks, and several types of bony fish
(Schaeffer and Patterson 1984). Some surfaces in the upper third of the member near Hulett have
evidence of encrusting animals (foraminifera, bryozoans, and polychaete worms) and boring bivalves
(Conroy et al. 2002

The fossil assemblage of the Hulett Sandstone Member includes foraminifera (Loeblich and Tappan
195M), bivalves, crinoids (Imlay 1947), and invertebrate trace fossils (Picard 1993; Rautman 1975,
1978), with pellets and fossil fragments found through@ibne and Vondra 1972). The Lak

Member haseportedlyso far only yielded belemnites (Karner and Halvorson 19BQbsee

discussion above about potential Lak belemnites at DEENO possiblénvertebratdrace fossils

(Picard 1993).
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The Redwater Shale &mber is the mosteavly fossiliferous member. Invertebrates are abundant,
and marine vertebrates are occasionally fourédfe and Street 2009). Fossils are sufficiently
abundant to form local coquina (shell hakke layers (Imlay 1947; Brenner andafdes 1973)as

seen at DETOMarine invertebrate remains may have been concentrated by storm events (Brenner
and Davies 1973Specht and Brenner 19)7 The invertebrate fossil assemblage of the Redwater
Shale Member includes foraminifera (Loeblich andfap1956), brachiopods (Brenner and

Davies 1973), bivalves, ammonite (particula@igrdiocerag and belemnite cephalopods (Imlay

1947), gastrpods(Specht and Brenner 1979), lobstévassare et al. 2@), ostracodes (Swain and
Peterson 1951, 1952), astels (sea stars) (Blake 1981), crinoids, echinoids (sea ur¢Bipstht

and Brenner 1979polychaete worm tubé&scludingiscaphopodsper Palmer et al. 2004and
invertebrate trace fossils (Specht and Brenner 1979). Vertebrates known from the mehader i
sharks bony fishesthe superficially dolphidike ichthyosaulOphthamosaurugformerly known as
Baptanodoi the small longnecked plesiosauantosaurusaind Tatenectesthe pliosaur (short

necked and largskulled plesiosaufylegalneusaurugMassare et al. 2@), and indeterminate

reptile bones (Specht and Brenner 1979). Several of the marine reptile specimens have remnants of
food items in their gutsshowing that belemnites were the primargyp(Massare et al. 2014

Morrison Formation (Upper Jurassic)

Lithology: Limestone and shale (Peck 1957). The only knoeportof the existence of the Morrison
Formation within DETO comes from Peck (195&ho reported finding a small outlier of Morrison
Formation limestone and shale near the to®ach anoutlier was not mapped in Robinson (1956),

at a scale of 1:4,800, although it could have been too small to map. Alterndtecysef the

reported proximity tahe Tower, it could be difficult to find amid the taluk.could also be &arge

block of erosional residuumather than an in &i outcrop asioutlierdimplies, or it could have been

lost to erosion or concealed by vegetatibarner et al. (1998) briefly mentied DETO without

detail in their final report on the Morrison Formation EgtiEcosystems Project; DET®inclusion

may have been based on R@aadleportGeorge Engelmann (University of Nebraskacoln) did not

visit DETO to look for the Morrison Formation during the project and did not recall that anyone else
had done so (persomm., July 2019)Several stratigraphic sections of the Morrison Formation in the
vicinity can be found in Mook (1916).

The more recertiutlargerscale map by Sutherland (2008) ragprt of extremaorthwestern

DETO as the Morrison Formatipoorresponding to an area mapped as the Redwater Shale Member
by Robinson (1956Sutherland (2008) used Robinson (19363pel et al. (1959)and Robinson et

al. (1964)as sourcenaps for the DET@rea NeitherRobinson (1956hor Mapel et al. (1959)

mapped the Morrison Formation anywhere within DETRut Robinson et al. (1964) did, based on an
unpublished map from 1923. It is unclear why Robinson et al. (1964) did not instead use Rebinson
own 1956 map, which was more recent and is by far the most detale of DETOThirty years

later, Robinson did not include any report of the Morrison Formation within DETO in Robinson and
Davis (1995) At any rate, Sutherland (2008) appears to have used the 1964 map and its anomalous
Morrison Formation for DETO, whiclvas translated into the Geologic Resources Division map of
the monument. Racay and Tweet observed no Morrison Formation in nortmi2SHD.
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The Morrison Formation is a terrestrial unit. The climate of the Morrison Formation is thought to
have been sendrid and seasonal, like the Africaavanna (Engelmann et al. 206#&siotis 2004),

with conditions becoming more humid higher in the formation (Parrish et al. 2004). Deposition of the
formation dates to the middle Late Jurassic, betveggmoximatelyl55and 148 Ma (Foster 2007).

Fossils found withiDETO: Charophytes (Peck 1957); if the purported dinosaur bone mentioned in
Rogers (2007indeed came from a dinosaur and not another large extinct animal, a detrital Morrison
Formation origin is perhaps the sidikely possible origin

Fossils found elsewher&he Morrison Formation has one of the best terrestrial fossil records of the
Mesozoic. There are several recent enumerations of its fossils: Chure et al. (2006) listed all taxa
known to that time, Fost€¢R003, 2007) detailed the vertebrate assemblages, and Foster (2003)
included quarnfevel lists of vertebrates. Microbial, fungal, or photosynthetic organisms and traces
represented in the Morrison Formation include stromatolites, fungi (both body aes) trac

charophyte algae, bryophytes (mosses and relatives), horsetails, ferns, pteridosperms (seed ferns),
cycads, bennettitales, ginkgoes, czekanowskiales, and conifers (Ash and Tidwe19@8et al.

2006), along with palynomorphs (organic microfossish as pollen and spores) of rhnodophytes (red
algae), mosses, lycopsids (clubmosses), ferns, cycads, bennettitales, conifers, gnetales, and unknown
plants (Dodson et al. 1980schudy et al. 1980, 1981, 1988a, 1988hure et al. 2006), as well as a
variety of plant debris, root casts, indeterminate wood, and seeds (Chure et al. 2006). Invertebrates
represented by body fossils include sponges, gastropods, unionid bivalves, conchostracans,
ostracodes, and crayfish (Chure et al. 2006). Many other invetdslanae known from traces,

including numerous insect groups not yet known from body fossils. Invertebrate trace fossils have
been attributed to anthozoans (corals and anemones), brachiopods, gastropods, bivalves, nematodes,
annelids, horseshoe crabs, meg] orthopterans (grasshoppers, crickets, and locusts), caddisflies,
hemipterans (aphids, cicadas, and relatives), flies, beetles, hymenopterans (ants, bees, and wasps),
termites, decapod crustaceans, and echinoderms (Hasiotis2004 et al. 2006). \feebrates

known from body fossils in the Morrison Formation include several varieties of eatiiyynag fish

like bowfins, lungfish, frogs, salamanders, turtles, sphenodor{tizetsira) lizards, possible snakes,

the lizardlike aquatic reptileCteniogeys terrestial crocodylomorphgnd other extinct crocdd

relatives longtailed and shortailed pterosaurs, multiple large (suchAdiesaurus Ceratosaurus
andTorvosauruyand small (such adrnitholeste¥theropods, diverse sauropods (generalized,

stocky likeCamarasauruselongate likeDiplodocus or longlimbed and longnecked like

Brachiosauruy, plated dinosaursuch asStegosauruysarmored dinosaurs, bipedal herbivorous
dinosaurs (such @&amptosauraandDryosaurug, and triconodont, docodont, multituberculate, and
symmetralont mammals (Foster 2003, 20@hure et al. 2006). Tracks are known from most of

these groups as well, as well as coprolites (fossil fecdgrbfvorous dinosaurs and mammal

burrows (Chure et al. 2006). Finally, eggshells from the Morrison Formation have been attributed to
turtles, crocodile relatives, and dinosaurs (Hirsch 1894y and Hirsch 1998 hure et al. 2006).

A handful of fossil sites are known from the Morrison Fation of Crook CountyReck 1957; Sohn
1958; Sohn and Peck 1963yster and Martin 1994; Turner and Peterson 1999; Bader 2003; Foster
2003; Foster and Chure 2006; Foster and Lockley 2006; Foster et al. 2006). Deposition at these sites
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occurred in river, sampy floodplain, dry floodplain, and lake settings (Foster and Martin 1994). The
fossil assemblage from the Crook County sites includes charopRgels 1957Foster and Martin
1994), cycad cones, conifer material (Bader 2003), bivalves, gastropods @rakMartn 1994),
ostracodes (Sohn 1958; Sohn and Peck 196@finned fish, lungfish, frogs, salaanders, turtles,
sphenodontiandizards and lizardike aquatic reptiles, crocodile relatives, the carnivorous dinosaur
Allosaurus several sauropod dsaurs including\patosaurusCamarasaurusandDiplodocus the

plated dinosauBtegosaurusseveral taxa of beaked dinosaurs includdagnptosaurusand several

taxa of early mammals (Foster 2003). The best references for Morrison Formation sites in Crook
County are Foster and Martin (1994) and Foster (2003)

?Lakota Formation residuum (Lower Cretaceous?)

Lithology: Mediumgrained brownish white sandstone and apparently highly silicified gray or white
fine-grained quartzite, found in angular blseckngingfrom centimeteiscale to metescale(inch-
scale to footscale)in diameter(Robinson 1956)These rocks ammappedn two patches north of the
Tower (Robinson 1956)Tweet observed several pagshof cobbles dominated by whitighartzite
with lesser quantities of less strongliicfied white sandstoa(Figure 14. Robinson (1956)
suggested that thesaecksare residumfromthe Lakota Formation, a Cretaceous unit known to be
found about 61 m (200 ft) higher in section thanRleelwater Shale near DET@aggar (1901)
mentioned the presence of a white fgrained quartzitgust northwest of th& ower, whichcould be
another example of the residuuRacay and Tweet observed anomalousscale(in-scale)blocks

of yellowish sandsine in northwesirnDETO that may alsbe fragments of Lakoteesiduum,
although there is theossibilitythat his materialis Morrison Formation residuum instead.
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Figure 14. An example of quartzite found on the Red Beds Trail (NPS/JUSTIN TWEET).

The L&ota Formation in the vicinity of DETO is mostly composed of sandstone, with some beds of
coarseor finer material (Darton and @larra 1907; Graham 2008). In neighboring Weston County

to the south, it is a point bar and floodplain unit (Rich et al. 1988ates to the early Early

Cretaceous (Sames et al. 2010).

Fossils found withiDETO: Jaggar (1901) reported the presence of silicified wood and abundant tree
roots in quartzite. The lithology and types of fossils are suggestive of the Lakota Formation. Most of
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the material observed by Tweet was very strongly silicified and lacked fdasilsne pece of
sandstonappeared to include a smdibmeter Ushaped burrow, with one limb in planar cross
section and the other in longitudinal crassction (Figure 15).

Figure 15. The vertical feature near the left of the photo appears to be one limb of a U-shaped burrow
(NPS/JUSTIN TWEET).

Fossils found elsewheri the Devils ToweB06x 306quadrangle, the Lakota Formatibas
yielded coal, petrified cycad stems, and fern and conifer fossils (DartonGaaar® 1907).
Reworked Paleozoic marimevertebrates (Graham 2008) and Sundance Formation belemnites
(Waage 1959) may also be found.

Other types of plant fossils reported from this formation incfede spores (Gott et al. 1974),
carbonized plants (Darton 1909), abundant petrified wood (B4804), ginkgoes, cycadsnd
cycadeoidg¢Cahoon 1960)Invertebrates are represented by freshwater bivalves, gastropods (Connor
1963), conchostracan8c{am shrimg), isopods (pill bugs and alliegnd ostracodg®arton 1909).
Finally, vertebrates amepresented by sharks (Cicimurri 19963pidotesor a similar bony fish
(Gregory 1924; Weishampel and Bjork 1989), thelgapisosteusturtles, crocodile relatives (Darton
1904), a small assemblage of dinosaurs (Weishaet@l 2004, early mammals (Cifellet al.

2014, and tracks of theropatinosaursornithopoddinosaursand birds (Lockley et al. 2001). The
dinosaurs include unnaed theropods and sauropptiee armored dinosattoplitosaurus a small
beaked herbivorgiiypsiloptodon wielandd), and two larger ornithopod®smakasaurus depressus
(originally namedCamptosaurus depresgumndDakotadon lakotaensi®riginally Iguanodon
lakotaensi¥ (Weishampeekt al. 2004
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fiAgglomerateo (?lower Eocene, with Precambrian to Cretaceous components)

A type of rock known variously @&agglomerate (Jaggar 1901; Effinger 19343lloclastic breccia
(Halvorson 1980), anivolcaniclastic depositgZavada et al. 2015) is exposedairieast one small

area near th&ower. The sitewasdescrbed by Jaggar (1901) asiemall rounded grassy hill strewn

with rounded subangular or irregular fragments of granite, limestone, Jurassic sandstone, Cambrian
guartzite and glauconitic sandstone, purplish rhyolite, a little slate or schist, black siaade of

varieties, flint, and coarse pegmatile[Tweet walked througpart ofthe areaindicated by Jaggar

but was unsuccessful in finding the exposdideada et al. (201%¥)lacedfvolcaniclastic depositan

this area, but the exact position is unclear due to the large scale of thEhmapckfragmentsare
entrained in a volcanic nrat; the matrix is heavily weatheregdothe rock fragments have generally
weathered free (Halvorson 1980). Tiegglomer&ed was originally interpreted as xenolitlth

intrusive rocks (xenoliths are pieces of host rock incorporated into igneous bodies without being
destroyed). Later, a volcanic origin was postulated (Halvorson 1980; Zavada et al. 2015). Under the
maar diatemé lavacoulée hypothesis of Zavada et al. (2015), flagglomeratérepresents

pyroclastic debris produced in a maar eruption (a type of eruption that occurs when groundwater
contacts magma or lava, and turns to steam), subsequently buried whendewadilinaar crater

and later exposed by the erosion that sculpted ¢ineer.

Fossils found withiDETO: Jaggar (190Leportal a fossiliferous Carboniferolisnestone boulder

with afibaked outer shell. Thidouder included Carboniferowspiriferid brachbpods and other,
unspecified fossils. The fossiliferous Madison Group (also known in the Black Hills as the Pahasapa
Limestone, as idaggar 1901 andavada et al. 2015), widely distributed in the Black Hills and of
appropriate age and lithology, is the shobvious candidate for the original source. The boulder

would have been brought to the surface via an explosive erugit®mm@ar of Zavada et al. 2015)
Halvorson (1980) also reported finding coaly shales, perhaps of Early Cretaceous age.

Fossils founctlsewhereBecause this is such a localized unit and all of its fossils are originally from
other wits, comparisons are of limitaglue.

Phonolite of Devils Tower (lower Eocene)

Lithology: Phonolite porphyry, lightto darkgray or greenish gray grounass with crescale(in-
scale)white feldspar crystals and smaller dark green pyroxene crystals when fresh, weathering to
light gray or brownish gray (Robinson 1956)gures 1 and 16§iPhonolit®is a type of volcanic

rock of intermediate compositigprimarily feldspar minerals), arfgborphyryois a textural term
referring to the presence of visible crystals in a groundmass of much smaller indistinguishable
crystals.The outstanding visual characteristic of the phonolite otheeris the presencef

polygonal vertical columns, usually fiagded, with some examples bearing four or six sides. The
columnar jointing also provides a means for frost wedging and other erosive procépsg®tmd
columns over time; the talus field surrounding Tleeveris the result of this weatherinBecause this

is a paleontological resourcesport it is not intemled to be comprehensive regarding the topic of the
famous phonolite.
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Figure 16. The phonolite of Devils Tower has been shed as vast amounts of talus (NPS/JUSTIN
TWEET).

Fossils found withiDETQO: Fossils are not present within the igneous rocks.

Fossils found elsewher&his unit is found onlyvithin DETO.

Talus and landslide deposits (produced by post-phonolite erosion)

Lithology: Varies.The talus and landslide deposits of DETO @ienarily made of rocks shed from
Devils Tower or resistant beds of the Hulett Sandstone Meailitke Sundance Formation. The
igneous talus comes from the columns ofTbeverand includes pieces more than Z8rft) in
diameter and 7.6 m (25 ft) lorfgigure 16) The sandstone typically takes the form of rectangular
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blocks shed fronthe Hulett Sandstone cliffs, centimetrale to metescale(inch-scale to foot

scale)in largest dimensiarGenerally the igneous talus is found nearTtbeerand the sandstone

talus is found farther out, but in some places the igneous talus overlaps the sandstone talus (Robinson
1956).fAgglomerated which is sometimes included with these units, is descsbedrately because

it hasa much different origin.

Fossils found withiDETQO: The igneous talus is unfossiliferous. Sedimentary landslide deposits may
include such fossils as are found in the contributing formations, as well as float fossils from
overlying units.

Fossils found elsewher@alus is local, so comparisons to other talus deposits elsewhere are not as
useful as knowing the kinds of fossils that are present in formationsathizibue to talus within
DETO.

Quaternary rocks and sediments (Pleistocenei Holocene)

Lithology: Unconsolidated mudized to gravesized clasts in stream alluvium, and sand and gravel
in terrace deposits northwest of the Belle Fourche Ruedifferentiated terrace deposits and
alluvium are mapped around drainage in DE&€pecially in the floodplain of the Belle Fourche
River in the eastern and southeastern areas of the monument (Robinson 1956).

Fossils found withiDETO: None to date, although another possible source for the mystéReds
Beds Trail boneémentioned in Rgers (2007}s a Pleistocene mamma&ossils eroded from other
units may become incorporated into these sediments as well.

Fossils found elsewher®uaternary fossils often fall into one of two general categories: Pleistocene
megafauna anlhte Pleistocesi Holocene paleoenvironmental materials. Pleistocene megafaunal
fossils include remains of various large extinct mammals, such as extinct horses, mastodons and
mammoths, and giant bison. Paleoenvironmental fossils, such as pollen, spores, aquatic ilsjcrofoss
and packrat middens, are used as proxies for climates of the recent thasinimediate vicinity of
DETO, approximately 40 km (25 mijhe Quaternary record appears to be limitecettebrates from

the HoloceneThese includea site with earlyHolocene bighorn sheep and bison bones between 18
and 21 km (11 and 13 mi) south of DETO on tlei@Fourche River (FaunMap 20d)9the

McKean archeological site, from the vicinity of the Keyhole Reservoir over 22 km (14 mi) south of
DETO (Mulloy 1954), vith a variety of animal remains from the late middle Holocene, including
unspecified mollusks, fish, amphibians, reptiles, and birds, rodabtsi{s,foxes and other canids,
sheep, bison, pronghts, deer, and elk (FaunMap 2@)%anda middle Holoceneibon

trap/butchering site known as the Hawken sifgroximately40 km (25 mi) soutfsoutheast of

DETO, which also has wolf, mule deer, and pronghorn bones, as well as hearth charcoal and bone
tools (Frison et al. 1976The only weldocumented Pleistone site within approximately 100 km

(60 mi) of DETO is theCarter/KerrMcGee or Carter/McGee site, 62 km (39 mi) southwest of

DETO, which has evidence of late Pleistocene camel and early Holocene bison butchering by
humans (Frison et al. 1978; Reider 1980)
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Taxonomy
SeeAppendixA for completelists offossiltaxafrom DETO.

Fossil Plants

There are several reports of fossil plants from DETO. Interestingly, each of the formations
represented by outliers or residuum have yielded plant fossils. Jaggar (1901) recognized silicified
wood and tree roots in quartzite blocks that seem most likélg examples of the possible Lakota
Formation residuum described by Robinson (1956). Peck (1957) desceabedl assemblage of
charophytegfreshwater green algagom microfossils found ad Morrison Formation outlier near
theTower (Figure 173. Finally, Halvorson(1980 reported finding coalyock fragments in the
flagglomerat® andhe suggested that they came from Lower Cretaceous formabDamsg the 2019
visit, Tweet observegossible conifer foliage a chip from the Stockade Beaver Shale Menatber

the Sundance FormatigRigure 1B).
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Figure 17. DETO charophyte gyrogonites (fossil casts of charophyte female reproductive structures)
illustrated in Plate 27:22i 24 of Peck (1957), at approximately 60x natural size. All are examples of
Praechara voluta. 22. flLateral view of gyrogonite. USGS type algae 459¢ 23. fBasal view of gyrogonite.
USGS type algae 460g 24. iSummit view of gyrogonite. USGS type algae 261.0As figured specimens,
they may be USNM (National Museum of Natural History) 347559, USNM 347577, and USNM 347578.

Fossil Invertebrates

The great majority of fossils reported from DETO are marine invertebrates frddutigance

Formation, in particular thRedwater Shale Membevlost reported or observed fossils are bivalves

or belemnitesln some cases, a report has been made of fossils without specifyiggehs fossil
beyondfishellso Jaggar (1901) observed a shell bed in a unit that appears to belong to the Stockade
Beaver Shale Member of the Sundance Formatind Graham (2008) perted unspecified shells in

the Redwater Shale Member; neither report is tied to a specific location in the monument.

Phylum Brachiopoda (lamp shells)

Brachiopodslike bivalve mollusks, have two shells. Fossils of the two groups can be difficult to
distinguish, but in a brachiopod the two shells generally have different shapes and sizes, while
bivalve shells are often mirror imagé@sis is because brachiopod shells agpper and lower
structures, so the plane of bilateral symmetry runs through eachvshiédl bivalve shells are left
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and right structures, so the plane of bilateral symmetry runs on the hinge line of the shells.
Brachiopods were most abundant in the Paleozoic, but still exist tdatgyar (1901) recognized
Carboniferousage spiriferid brehiopodsin a limestone boulder weathered from fagglomerat®
brought up from the subsurface byépus action. Racaybserved brachiopods at the 8ance
Formation vertebrate site, which he descritie@weetas of a linguloidype (calcium phosphate
shell with afifingernaib-like texture and appearance).

Phylum Mollusca: Class Bivalvia (clams, oysters, etc.)

Because they are found in shell bé@igure 18) bivalves are easily the most abundant type of
fossis in DETQ Reports of bivalves at DETO gatk to Jaggar (1901), which mentiorted
presence of &ancrediashell bed and an oyster shell bed in rocks that can be recognized as
belonging tahe Redwater Shale Member

Figure 18. Typical examples of bivalve beds in the Redwater Shale Member at DETO (NPS/JUSTIN
TWEET). A. Two examples of Camptonectes are highlighted by red stars (above and to the left of the
fossils). B and C. Two fairly typical bivalve beds exposed on surfaces, dominated by small subcircular
Camptonectes.

Bivalves have been found ar associated witthe Stockade Beaver, Lak, and Redwater Shale

members of the Sundance Formation at DETO (FigureM®&3t of the bivalves at DETO are found
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in beds, ad typically do ot erode out whole out of the beds, although there are exceptions
(Figure19). Many of the shells represent tbiecular, roughlysymmetrical scallo@amptonectes
(Figure 18A) Camptonectebeds may have resulted from storm events in a shelf setting (NeaMul

et al. 2014)lt is not uncommon for original shell material to be lost and the shell to be represented
by a natural mold or cast (Figure 20). Most of the bivalves at DETO appear to be fairly small, on the
order of 23 cm @pproximatelyl in) at mostm longest dimension, but there are depressions on the
surfaces of some beds that suggest the loss of much larger examples (Figure 20B). Exposed shell

beds are readily recognizable; shell beds exposed insection are more obscure, Ibiokycan be
identfied by the appearance téyelashedor fiparenthesesn the rock (Figure 20C).
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Figure 19. Float bivalves from the Sundance Formation of DETO (NPS/JUSTIN TWEET). A. Three
bivalves of various sizes and morphologies from the Redwater Shale Member. B. Two small bivalves with
partial shell material, Redwater Shale Member. C. A fragment of oyster shell found as float on the Lak
Member. D. A small bivalve in a sandy chip probably from the Stockade Beaver Shale Member.

35



Figure 20. Aspects of bivalve preservation and exposure in the Redwater Shale Member at DETO
(NPS/JUSTIN TWEET). A. Bivalve steinkerns (internal casts) beginning to erode from a block. B. Two
depressions left of the scale bar may represent large bivalves that have eroded from the block. C. Bivalve
molds exposed in cross-section. D. Bivalves are exposed in planar section in this block.

Camptonectes among the most abundant genera of bivalves in the Redwater Shale Member.
Wright (1974) identifiedCamptonectes bellistriatu®strea strigileculgnow known ad_iostrea
strigilecula), Gryphaea nebrascensiBleuromya newtonilancrediasp.,Meleagrinella curtaand
Tancredia transversas the most abundant species, in that ofittezy are thought to have livéal
dense patchg¥Vright 1974) LiostreastrigileculaandMeleagrinella curtaare smaller than
Camptonected.. strigileculais ovoid in shape, whil¥. curtaresemble€amptonectesGryphaea
nebrascensisesembles a casheRleuromya newtorshells are broadly parallelograshaped.
Tancrediais triangularlt would not be surprising to find examples of any of these common bivalves
at DETQ and some of the photographed fossils clearly resemble their general Stapes
information on Sundance Formation bivalve assemblages can be foundse Bad Holland
(2017).Comparative images of Sundance bivalves and other fossildbbamput onlineby the
University of Georgia Stratigraphy Labtfp://strata.uga.edu/sundance/index.html

Phylum Mollusca: Class Cephalopoda (octopuses, squids, nautiloids, etc.)
Two types of cephalopods have been reported from DETO: ammonoids and belemnites. Both groups
went extinct at the end of the Cretaceous theyhave significantly different anatomies.
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