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By John O, Maberry II

ABSTRACT

The Blackhawk Formation at Sunnyside, Utah, was de-
posited along the western margin of the Western Interior
Cretaceous sea during scutheastward withdrawal of the sea.
Sand was the dominant type of land-derived sediment deposited
-in the Sunnyside district duriﬁg the regressive phases, Sand
bodies prograéed seaward in response to changing sediment
supply from a source west of Sunnyside. Where conditions
were favorable for the accumulation of vegetable material,
peat deposits férmed and were later changed to bituminous
coal by diagenesis, Studies of the co2al bed show that the
coals were formed from accumulation of small, low--growing
plants and plant debris that was transported into the area of
accumulation. Remains of large plants in the coals are rare.

Trace fossils, which are tracks, trails and burrows
formed by organisms and preserved in the rock, are extremely
abundant in the Blackhawk rocks, These biogenic sedimentary
Structures are common in Cretaceous deposits througzhout the
Western United States. Trace fossil distribution in the

rocks is controlled by the depositional environment prefexred
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A study of the trace fossils of a lo- i

by their creators.

cality allows a more precise determination of the coaditions.s fé

during deposition of the sediments. Water depth, bottonm

conditions, salinity, current velocity and amount of sus-~

pended nutrients in the water are some of the enviromnental

factors that may be reconstructed by studying trace Tossils,

The Blackhavk Formation at Sunnyside conprises tvo
menbers, the Kenilworth HMember and the Sunnyside Kember.
Field studies show that the formaticn may be furthef subdi-
vided in the Sunnyside district, according to the precepts
of units of mappable thickness and similar lithologic char-
acteristics,  The Blackhawk pinches out eastward and north-
ward into the Mancos Shale, and names for submembers bécome
meaningless., Names are of value in the region of interest,
hovever, because of the prominence of the named units.

Co2l mining is the main industry of the Book Cliffs
region, Mines of the Sunnyside district are plagued by coal
mine bunmps, which are sudden, catastrophic releases of
Stress in the coal, Bumps cause loss of life, property dan-
age, and loss of profit to mining companies., PBumps occur
when shear stress built up in the coal exceads fhe shear
Strength of the coal, Differential ovefburden pressure,
féulting and tectonic activity, and lithology and structure

©f roof rocks are factors which influence bumps., Petroleun




and natural gas (methane), which occur locally in pockets
in the roof rocks above coal beds, may be diagenetic

products of organic~rich sediments.
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INTRODUCTTIOHN

The study wos undertaken to deiermine the depositional
environment of the Upper Cretaczous Blackhawk Formation at
Sunnyside, Utah. Within the formation is a thick, exten~
sively=-nined coal bed that is the basis for the eccnony of
the region, Parallel goals of the investigation were: to
ascertain the relationship of sedimentary structures to coal
mine buwps; to study and describe the trace fossils and in~
organic sedimentary structures found in the rocks; and to
asceriain the origin and mode of migration of pestroleunm and

natural gas in the mines at Sunnyside,

Lecation
The Sunnyside district is in the western Book Cliffs,

27 miles east of Price, Utah (fig. 1). The district was

Vnamed for the first town in the area, Sunnyside is the

largest incorporated town in the district, with a population

 ©f 2pproximately 1200. The disirict is accessible by State

Bighways 123 and 124, which counect to the west and south,
reSpectively, with U, S, Highwsy 6 and 50, The Denver and
R: - .

O Grande Western Kailroad hzuls coal from Xaiser Steel

1
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Figure 1, Index map of the Sunnyside district, Axis of San
Rafzel Swell from Stam, (1956), Topographic and Struc-
tural form lines after Howard (19662), Osterwald and
Dunrud (1664) and Stam (1956).
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Corporation's Sunnyside No. 1, 2, and 3 nines, and the

Carbon County Railwa} hauls coal frow the U, S, Steel Cor-
poration's Columbia and Geneva mines. The region is situated
off the northeast end of the San Rafael Swell and at the base
of the Recan Plateau, a maturely dissected high plateau in the
Colorado Plateaus physicyraphic province (Fenneman, 1931,

p. 304), and is wholly within the Sunnyside 15-ninute

quadrangle of the U, S, Geological Survey.

Methods of Investigation

The principal base map (pl. 1) was constructed by using
an enlargenment of Osterwald's map (1962) for the afea north
of an eastnwést line through No. 2.Canyon. The southern.
part of the map area was constructed by enlarging a part of
the Sunnyside 15-minute quadrangle topoeraphic map ard check-
ing the "f£it" of the enlargement with stereo-paired aerial
photographs, Changes to topography and cultural features
Since map prihting were corrected according to a2erizl photo~
graphs and personal observation. Osterwald's map (1962)
shovis lithology énd structural geology, but does not group
lithologies by formation and member. The geologic map ace
Companying this paper utilized Osterwald's lithologic
contacts in the northern paft of the area and geologic con-
tacts mapped by the writer in the southern part.

Eleven stratigraphic sections (appendix 1) were mensured

¥ith an Abney level and plotted as a panel diagram (pl. 2) %o
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show details of facies changes within the rocks. The out-
crcps between scctions were walked out to trace any changes
and to observe relationships between trace fossils and sedi-
nentary facies, Inaccessible points such as the very common
sheer, high cliffs were studied at length with binoculars,
Dip aund strike of beds and attitudes of sedimentary struc-

tures within beds were measured with a Brunton compass,

Trace fossils and lithologic samples were collected and

studied in the laborxratory and in the office, Selected litho-

logic samples were analyzed in an X-ray diffractonester,
Petrographic thin sections of selected lithdologic samples
were prepared and werz analyzed with a petrcgraphic micro-
scope, Library research coupleted the study methods; except

where .otherwvise noted, terminoiogy 1s defined in the Glos-

sary of Geolozy and Related Sciences (1947).

Previous Vork

The Book Cliffs coal field has bzen the subject of nuch
Scientific investigation. The coal deposits are thick and
wall exposed, with low dips, In the Sunnyside district the
coal is high quality bituminous coking coal, which is par-
ticularly valuable to industry. The Sunnyside district is

also ths locus of spectacular mine bunps which have been

?,St“died intensively because they are hazardous to life and

prOperty .

T SRR R S L
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Early publications by Taff (1908), Richardson (1607,
1809), and Lupton (19i6) described the economic geology of
the area as parts of large regional reconnaissance studies.
Clark (1928) investigated the adjoining 15-minute Castlegate,
Wellington and Sunnyside quadrangles, that include the wes-
tern Book Clifis and part of the Wasatch Plateau. »In his
classic work, Clark described in detail the formations

within the Mesaverde Group from the standpoint of the 1litho-

logic associations with coal bads, Spieker (1931) and Fisher
(1935) described the economic geology of the area., Holmes,
Page and Averitt (1948) investigated bituminous sandstones

of Tertiary age near Sunnyside;

Generalized and small=scale mapping and descriptiosns of

regional stratigraphic relationships have been included in

publications by Dutton (1880), Spieker and Reeside (1925,

1926), Gilluly and Reeside (1928), Spieker (1946, 1949a,
1949b), Cobban and Reeside (1952), by Abbott and Liscomb;
Hail, Kinney and Zapp; Johnson; and Katich (all 1956).
Weimer (1960a, 1961) gave definitive regional stratigraphic
relationships and correlations, and set the framework for
Cretaceous stratigraphy in the area of Colorado, Utah, and
Wyoning.,
Fisher, Erdmann and Reeside (1960) summarized results
91 Separate investigations of eoch of the authors in a com-
- Préhensive paper on the Book Cliffé 6f Utah and Colorado.

S
©ars, Hunt and Hendricks, (1941), working in the San Juan
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Basin, outlined criteria for the recogrition of transgres-
sive and regressive narine decoslits in a classic paper.

Young (1955, 1957) undertook detailed work concerning
the facies interrelationships in the Upper Cretaceous rocks
of the Book Cliffs, based largely on the vwork of Pike (194%)
south of Sunnyside. Young naned and defined members of the
Blackhawk Formation, but his work was on a regional scale,
and his conclusions are subject to some controversy.

The nost detalled werk in the Suanyside district has
been done by Osterwald and others (1962, et. ggg.) who mapped
part of the area at a scale of 1:6,000, and by Brodsky (1960)
who studied the general stratigraphic relatiounships of the
Mesaverde Greoup; these works are based primarily on litho-
lozic variation, however, with eaphasis on the relationship
of lithologies to the coal seams of the Biackhawk Foriation.

Howard (19652, 1986b, 1966¢), working in the Wasatch
Platean apd western Book Ciiffs, studied trace fossils and
Sedimentary structures in Blackhawk strata that are strati-
graphically lower than Blackhawk rocks at Sunnyside,

Howard's work strongly influenced the preparatioh of pzrts

of this pé,per,

léEEEQWIedggnents

The writer enjoyed the counsel and encouragement of Dxe,

@&

i:iilw' Osterwald throughout the preparation of this &ixx-

®; his patience and understanding are greatly



B Se e anedie e AEs LT e -aSoos SE

7
(9 follows)

appreciated. Dr. James D. Howard of the University of Georgia Marine
Institute instructed the writer in many aspects of trace fossils

and sedimentary structures, furnished illustrations, and read
critically some of the manuscript, Discussions and field con-
ferences with Dr. Howard were particularly valuable in understanding
and interpreting the phenomena discussed herein. Mr, John Peperakis
and Mr, Harry Elkin, of Kaiser Steel Corporation, allowed access to
the study area and provided maps and other information regarding the
coal seams, Drs. R, J. Weimer, John Hayes, and R. H, DeVoto are
thanked for their help during the preparation of the paper. Dr. Georgé
Johnson of the Colorado School of Mines read the paper and gave con-
structive criticism regarding construction and style.

Association and discussions with my colleagues in the U.S.
Geological Survey, Mr. C. R. Dunrud and Mr. B, K. Barnes, were both
enjoyable and helpful. Mr. E. E. McGregor analyzed selected lithologic
samples with an X-ray diffractometer.

My wife Lori patiently and ably assistéd in the investigation,




GENERAL STRATIGRAPHY

The Blzckhawk Formation is the lower unit of the
Mesaverde Group (Cretaczous) near Sunnyside, Utah (fig. 2).
The forration was naned by Spieker and Reeside (1925, p.

443) for an exposure near the Blackhavk mine in the VWasatch
Plateau. As originally definad, it is a unit of "buff sand-
stone, shale and coal of the kinds common to the Mesaverde
group throughout the southvest." In the type area, the
Blackhawk conformably overlies the Star Point Sandstone and
is overlain unconformably by the Castlegate Formation, Clark
(1928, p, 18) extended the use of the name "Blackhawk" o the
Book Cliffs (fig. 3). At Sunnyside the Blackhawk conformably
Overlies the Mancos shale and is unconformably overlain by
the Castlegate Formation. |

Fisher (1936, p. 10) redefined the Blackhawk Formation
In the Book C1iffs and included in it, in ascending order,
the Lover sandstone member, Middle shale member, Middle
S2ndstone member, and Upper me&éer. In 1955 Young (p. 183)
TYedefined the formaticn, placing its base at thé base of the

S
Pring Canyon Sandstone near the Wasatch Plateau and its top




Figure 2., Intertonguing and lithologic relationships of
Cretaceous rocks firom the Wasatch Plateau to the Eastern
Book Cliffs in east-central Utah (modified from Spieker,
1949a, and Young, 1966).
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Figure 3., Nomenclature applied to the Blackhawk Foritation by
various writers.
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at the disconformable lover 5oundary of the "Costlegzte

Member of the Price River Formation." Fisher, Erdnann zid
Reeside (1960, p. 11) raised the Castlegate to formational
rank, : -

Young (12855, p. 185) named six menbers of the Blackhawk
and, using Spieker's illustration (1839), re-cmphasized that
the sandstone units of the Blackhawk feather out eastward
into the Mancos Shale (fig. 2). Only tvo sandstione nembars
of the Blackhavk are present at Sunnyside, the Kenilhorth
and Sunnyside lenbers, Young's Spring Canyon and Aberdeen
Members tongue out northwest of Sunnyside, and the Grassy
and Desert Members begin south of the area of intevest.

Cobban and Reeside (1952) assigned the Blackhawk to the
midd;e of the Campanian Stage (lower Pierre of the Western
Interior) of the Late Cretaceous,

Objections have been raised to the use of the ternm
"Mesaverde Group" in Utah and Wyoming, because there is some
disparity in age between the Sunnyside section and the type
Kesaverde at Mesa Verde National Park in Colorado., Others
have pointed out, however, that the term “Group" has no tine
Significance and that "Mesaverde Group" is the correct des-
ignation for the rocks under discussion (Abbott and Liscomb,
1956, p, 120; Brodsky, 1950, p. 17). The term is therefore
TYetained for use in this report. ‘

The writer has objections to Young's definition of the

Kenitvortn Member and the Sunnyside Member, Younz (1955,




0]
i
-t
[
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w

p. 181) places the lower boundary of the Xenilworth at the
base of a "massive, cliff-~foraing, white-capped sandstonz,"
He places the contact between the Kenilworth and Sunnyside
at the top of a "barrier beach sandstone," He states that
the Grassy Kemnber first appears at Sunnyside. Rocks of
Young's "marine Grassy Member!" at Sunnyside are not con-
sidered by the author to be a mappable unit, but are included
in the Sunnyside Member, His Sunnyside and Kenilworth boun-
daries are based both on lithology and inference of origin.
Furthermore, the boundaries are unclear and field relation-
' ships show that the described bounderies are contained
within mappable units, The boundaries of both members,
therefore, are redefined in the section on detailed stratig-
raphy. The details of the trace fossil associations are

important in the redefinition of these mappable members.
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STHEHUCTURAL GEOLOGY

A major structural feature of east-central Utah is the

San Rafael Swell, =2 northéast~trending, asymmetrical anti-
cline that plunges northeastward under the Book Cliffs (fig.
1). The Swell is thought to be of Tertiary age (Osmond,
1964, p. 57) and therefore probably was not a control on the
deposition of Blackhawk sediments at Sunnyside. The sirata
0f the Blackhawk Formation crop out on the south-~ and west-
facing scarp of the Book Cliffs. The cliff front is a

~ faceted surface that resulted from erosion of the Roan
Plateau. South of Sunnyside, strata strike northward; as

_ 3§§9 Structural strike approaches the northwestern end of the

ﬁé}§3n Rafael Swell the beds gradually change-strike toward the
¥est as they are gently folded over the crest of the Swell,
North of Sunnyside beds strike westward and dip northward,
~{:§eds dip about 15 degrees north and east at the cliff front,
fk ’&nd decrease down dip to about 7 degrees. The steeper dip
‘“9?F the cliff front is due to the proximity of the fromnt to

the R
Crest of the Swell, where the structural inclination is

€rea e
test, Iraced down dip, the strata pass into the Uinta

Easin,
14

i
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The regional joint pattern is characterized by tvwo major
sets of joints nearly at ;ight angles to each other, striking
N 75-85 W and N 12-20 W (fig. 4). Osterwald znd Eggleton
mapped 501 joints in the northern part of the area (1958) and
the writer mapped 230 joints in the southern part. As might
be expected, joints are best expressed and best preserved in
sandstone units.

Knowvn faults in the Sunnyside area are aligned subparal- e
lel to the regional joint pattern; and most faults stirike
N 12-20 W (pl. 1). All faulis in the area are normal faults;
fault planes dip 75 to 90 degrees. No known faults affect
more than 150 feet of stratigraphic separation at the sur-
face. A buried northwest-trending fault south of the area i
was discovered by seisnic methods (Tibbetts, Osterwald and

Dunrud, 1964); it may have as much as 2000 feet of strati-

graphic separation. The principal fault system at Sunnyside
is the Sunnyside fault zone (Osterwald and Dunrud, 1866) that
trends northwest and is downthrown to the southwest. It is

a series of longz, northwest-trending faults with many short,

curving spurs (pl., 1). The Sunnyside zone causes difficulties
in mining bzscause the faults offset the coal bed and necessi-
tate changes in mining procedure.

Coal extraction underground conmonly produces subsidence

~

Cracks at the surface. Thesz structures are usually formed

On a spur or nose above mine workings, and trend subparallel

to joints, Joint orientation may be a control on formation



Figure 4., Poles of 730 joints measured in the Rlackhavk For-
nation at Sunnyside, Utah, contocured on lower hemisphere
of Schmidt equal-~arca net (modified from Osterwald and
Eggleton, 1858).
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of subsidence cracks because nmany en—echelon suvsiderce
cracks closcly parallel nearby joint trendz. ERemoval of the
co2l is renoval of the support for overiying rocks. The
rocks iwmmediately above the coal fail, and the failure even~
tually continues upward to the surface. Mine air issues fron
scne of the cracks, and some cracks are visible at the sur-
face as much as 1,200 feet above the mine workings. Subsi-
dence cracks vary in size from a split one-~quarter inch wide
and a few fect long to crevasses 4 feet wide and 50 feet

lonz (pl. 3).
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Plate 3. Subsidence cracks,

Figure 1, Small-scale en~echelon cracks trending north-
wvest at surface about 800 ft. zbove Sunnyside coal,
in tributary to Whitmore Canyon. (Photo by F. W,
Osterwald.)

Figure 2. Large-scale crack trending northwest, about
900 ft. above Sunnyside coal in west wall of
Whitmore Canyon. Mine air issues from crack.,
Hanmer bhandle is 12 in., long. (Photo by F, W,
Osterwald,)
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TRACE FOSST1ILS:

BI OGENTIC SEDIMENTAPRY STRUCTURES

- —c ot

Trace fossils are biogenic sedinentary structureSe-
tracks, trails, burrows or borings nade by animals and
preservad in rock strata. In short, trace fossils are evi-
dence of where animals have been. The lack of body fossils,
particularly in sandstones, has been partly responsible for
a lack of detailed stratigraphic work from the standpoint of
paleoccolozy in much of the western United States., These
trace fossils, or lebensspuren of European workers, are valu-
able paleoeéologic indicators, Where body fossils are pres;
ent, traces nay be used to reinforce interpretations, Where
body fossils are scarce or absent, trace fossils may be used
effectively to interpret the paleocenvironment. Body fossils
mnay be transpofted fron the living site, or they may be
destroyed by diagenesis., Trace fossils, on the other hand,
are found almost unquestionably in situ, although J. D,
Howard (oral comnunication, 1967) has indicated that

>

Ophioriorpha burrow casts may be reworked,

- 19
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Kost of the investigation of trace fo3s5ils has been
carried out by Europsans, particularly by the Geruan geolon;
gists Hintzschel and Seiléche?. A significan
for American geologists in 1962 with the chapter "Trace

Fossils and Problenatica” in the Treatise on Invertebrate

Poleontolezy, Part W (Hintzschel), Much of the material
included in the term "trace fossils" has heretoriore been
assigned to categories such a2s algae, fucoids, incertae
cedis, problematica, inorganic, worms, or feces. The accu-
rate description and classification of trace fossils, will,
hopefully, help bring to Anerican geologists a valuable tool
to be used in reconstructing thevgeologic history of an area.
Recent investigators (Hintzschel, 1962; Seilacher, 1964,
1967) have shovyn that tracé fossils are groupad in sedinen-
tary facies according to the environments preferred by theixr
creators (fig. 5). Some are definite indicators of shallow
marine conditions for example; some indicate.terrestriﬁl
deposition. The orientation of traces of the same type of
organisms indicates the relative rate of sedimentation.,
Seilacher (1967, p. 421) eaphasizes that vertical burrows in
shallow water deposits and the gradual tendency toward hori-
zontal burrows with increase in water depth correspond to a
trend from suspension to sediment feeding. Thé type of feed~
ing is a response to the amount of suspended nutrients at
different levels: in shalliow zones, food for organisms is in

Suspension; at depth, in quiet water, nutrients settle out



Figure 5., Faviroamental grouping of trace fossils, (A) Very
calm water, shallow and deeper neritic and lagoon envi-
ronments with much silt, clay and very fine sand, carbo-
naceous debris, Sediments thoroughly reworked and
mottled by corgenisms, priuary structures and bedding
destroyed, Poorly prescrved troce fossils, (B) Medium
energy environment of the shallow neritic zone. Very
fine- to fine-grained sand, moderately well sorted, low
cross=stratification, Extremely well populated by trace
fossils, nocstly well preserved, (C) High energy eavi-
roniaent of the littoral zone. VYell sorted, fine- to
nediun~-grained sedinents, Much cross-stratification,

Few trace fossils, rpostly poorly preserved (modified from
Howard, 1965a). :
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of suspension and bocene part of the sediment. Hsuce, in
gulet waters the trend is tovard horizontal, intricately
pattiernsd burrows. By studying trace fo3311 forus and as-
sociations on the outerop, in nine workings, and.in the

laboratory, the history and envivcanment of deposition of

ﬁ

strata can be dcduced, Fron those deductions the positions
of various strata in the depositionzl frauneivork can be postu—
lated with an increasing degre2 of accuracy.

The Upper Creotzcecus strata of Wyoming, Colorado and
Utah have bzen the subject of intensive trace fossil studies
1n recent years bacause of the paucity of their centained
body fossils and extrense wealth.of trace fossils., Represen-
tative investigations are those of Toots (1861), who used
trace fossils to delinzate beach zones and strand lines; and
Masters (1965), who studied the Meszverde Group of northwes-
tern Colorado and used trace fossils as environmental
indicators., Howard (19662, 1966b, 1966c) carried out an
exhaustive study of trace fossils 1in units slightly older
than those discussed herein. Howard®s work in the Wasatch
Plateau to the west of Sunnyside dovetails with the studies
which are described in this paper,

The creators of all trace fossils described herein had
an affinity for warm waters., Reeside (1957, p. 505) has pos-
tulated a nearly tropical climate for the zrea under conside

eration for most of the Cretaceous period; an interpretation

based primarily on body fossils. Parker (1958) collecied
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foscil flora from the Blackhavk Foration near Saline,; Utah,
and concluaded froa the stugy itnat the regiona l clinzte wvas
subtropicnl durinz Lote Cretaceous timz. The conclusions of
Reaside and Parker agree with the writer's interpretation,
which is based on the thick co2ls in the geoslogic sections

and on Ginkgo-type plant fossils found in terresirial depdss-

its within the Blackhavk Formatioan (fig. 6).

Uses of Trzce Fogsils

Most sedincntary syngenetic econonic minerals are con-
trolled by physical and chemical conditicns extant at the
tine and plave of deposition., O0il and natural ges in strati-
graphic traps associated with near shore marine sedinents are
well knovn. Use_may be made of trace fossils as environmen-
tal indicators to prediét areas that are favorable to
entrapment of such deposits and loci for exploration conse=
quently nay be delineated., Localization of sedimentary
mineral deposiis of manganese, phosphate, barite, iron and
eévaporites is controlled by factors such as depth of water,
teaperature, salinity, circulation barriers, or organisms
that will facilitate precipitation, In the western United
States, most coal deposits are associated with marine or
transitional-narine sedimnentary rocks. When trace fossils
Can be recognized in drili cores, depositional conditions

Bay be ascertained at some distance from the outcrop. Body

Tossils nced not bz present to interpret sedimentary



Figure 6. Ginkgo-type plant fossil found in upper Suanyside
Member., Inferred to be part of a leaf, based on mor-
rhology of the fossil,
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eavironnents. Recent discussions among g2ologists seesm to

indicate an sweokening of interest in trace fossils and the

uQ

onsct of reszczych into thelr definition and uses (Howard,
1968). Sone nining ccnditions of various comnmodities might

also be pradicted through knovledze of associated troace

fossils.,

Descriptive Nonenclature

Because it is not definitely kuown which genus and

s made individual trace fossils, traces

w

species of orgini
cannot be groupzd into norwmal systematic taxonomic units.

As described herein, trace fossil nomeanclature is based on
the fuuction, or ethology, of the fossil and foliows the
nethods developed by Seilacher (1964), Traces are described

partially on the basis of their relationship to the subsirate

on which they were forned,

Litholozice Relationship

Trace fossil preservation is classed as epirelief, in
Which traces are present on the lower surfaces of bads,
(figo 7); or hyporelief, in which traces are present on the
Upper bedding surfaces. Fﬁll relief describgs those traces
that are cqmpletely contained within the strata and are pre-
Served as the original cavity or cavity filling. Original
cavit?, full'relief trace fossils are very rare in ‘the Book
Cliffs, as field work in preparation for this paper shows,

28d in the Wasatch Plateau (J. D. Howard, 1967, oral




Figure 7. Types of preservation of trace fossils (modified
from Seilacher, 1964),
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coununication). Epirelief and hyporelief are subdivided into
conve:x and coacave, A convex feaxture is one that projects
‘above the uppcer bedding surface or below the bottom badding

surface,

Subdivision of Blacknavk Trace Fossils

Every ouicrop of Blackhawk rocks in the area of intercst
exhibits sowme evidence of organisi activity in the sediment
at the time of depozition. The environuent in which organ-
isns respousible for trace fossils were most abundant and
most varied is represented by interbedded siltstonas and very
fine- to fine-grained sandstone, Scnie mudstones are also
intensively burrowvad, but preservation of tface fossils is
poor in mudstone., The silistones and fine~grained sandstones
are rich in finely divided organic material, and are very
thinly and evealy bedded.(fig. 5 A). The organisns that in-
habited this environment were dominantly detritus feeders,
organisms that provled the surface of deposition and/or bur-
roved below the surface in search of food., Detritus feeders,
21so called filter feeders or sediment fecders, are organisas
that derive nourishment from nutrients that are part of the
§ediment. Such nutrients may be livingz microorganisms or
detrital organic material, The actions of these detritus
?eeders in their search for food thoroughly altered the pri-

#ary Sedimentary structures and destroyed all but a few traces

and e d
Suggestions of the morphology of the organisms themselves,
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Evidence of primary lamination is scattered, because the

organisas churned the sedinents before lithification. The

o

pattern of organic mottling suvggesis that the original
sediments were thinly leminated with little or no dip.

n wvhich organisns responsible for trace
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fossils lived in noderate abundance is represented by thine-

bedded, very fine~ to fine-grained sandstones which occur
above the interbedded siltstone arnd sandstone unit descrited
above. The rocks of this unit are cross stratified in long,
lbw~angle wedge~shaped sets, Both conplete and truncated
large ripples are comiion in this interval., The depositional
environment supported a mixture of detritus feeders and sus-
pension feeding organisms, which are organisms that filter
the suspended load of the water in order to obtain nourish-
ment. In beds where detritus feeders we?e dominant, the
strata are mixed and mottled. They are not quite as inten~
sively disturbed as in the silistone and sandstone zone belovw,
however; mottling commonly occurs in patches or pbckets
within a bed. Laterally the sediments may be rélatively un-
disturbed in the same bed, Such strata are desciibed as
"clean-to-rottled" in the field. VWhere suspension feeders
were the dominant organisms, sediments are nmoderately well
sorted and slightly cartonaceous (fig. 5 B). The current
velocity was high enough to winnow out the finely éivided
Sediment, including carbonaceous métter, but not so great 2s

to permit constant reworking and mobilization of the




R

substrate. Trace fossils of detritus feeders in rocks of
this eunvivonment indicate au atteunt by the organisus to
escap2 to a more favorable habitzt (Seilacher, 1967, p. 421).
The smallest population of trace fossils is found in
rocks tnat are fine-to mediun grained, moderately well sdrted
sandstones (fig. 5 C). Sedimzants were oiten affected by cure
rents that built ripplenarks and cross lamination, and
shifted and reworked the sedinents., The power oi the trans-—
portiry nediuvm was sufficient to winnow out fine sedinesants
and prevent deposition of organic detritus. Organisms in
this environment were almnost exclusively suspension feeders
that built burrows which were strong enough or deep enough
to exist in a nmobile substrate. The organisms built their
shelters upward to keep pace with sedinmentation. Progres-

Sively fewer traces are found in rocks indicative of

.environments of increasingly stronger current velocity.

Ethological Classes., Seilacher (1964) has established

the following nomenclature for trace fossils, based on the
function of the structure:
1. Repichnia: Trails or burrows left by vagile ben-
thos forms during directed loccnotion.
2. Pascichnia: Winding trails or burrows of vagiie
nud eaters which reflect a 'grazing" search for
food by covering a given surface more or less ef-

ficiently and by avoidinz double coverage.
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Fodinichnia: Burrows nade by hemisessile deposit

E

»flect th ch for fond and at

o

fecders, Those re
the sane time fit tnc requireuncents for shelter,

Domichniz: As the root suggests, parmancnt shol-

oo

3

ters dug by vagzile or henisessile animnals preccuiring
food from outside the sedirent as predators, scave
engers, or suspension feeders.

Cubichniz: Shzllow resting tracks left by vagile
animals hiding temporarily in the sediment or lurk-
ing or resting or the sediment surface, and

obitaining their food as scavengers or suspension

feecders.,

Bathymetry of Trace Fossils. Seilacher (1964, 1957)

grouped trace fossils according to the bathymetric conditions

preferred by organisms that made the traces (table 1). The

"universal ichnofacies", or trace fossil groupings are:

-1,

of detritus feeders,

Nereites-—facies, defined by Seilacher (1964, p.
311i) to be "bathyal with turbidite sedimentation,"
Dominant trace fossils~-repichnia and pascichnia,
Zoophycos~facies, in the zone sublittoral to
bathyal, below wave base and without turbidite

sedimentation. Dominant trace fossil~~fodinichnia

~

Cruziana~facies, in the littoral to sublittoral

zonie, above wave base, Dominant trace fossils--
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" domichnia and cubichnia; fodinichaia of detritus
feeders found in desep vater,
Environuzntal significance of trace fossils in the fol-
lovinz chapter is based largely on the work of Seilacher;
interpretations of the author that dififer frou Seilacher are

duly noted,

Systenatic Dsscription of Blackhawk Trace Fossils

A structure cormonly observed in trace fossils is
spreite, éefined by Hiéntzschel (1652, p. Wi78) as '"a German
noun literélly translated as 'spread® and meaning sonetning
spread between two supports, as the web of a duck's foot."
Forpal generic ana specific names are underlined both in the
following descriptions and elsewhere in the text, Unless

othervise noted, names of individual trace fossils are fron

Hintzschel (1962)., In the interest of brevity, a semitele-

graphic style has been adopted for the following descriptions.

Pascichnia
Chevron trails (pl. 4, figs. 1 and 2).

Trace fossil occurring as convex epireliefs on bedding
Surfaces of very fine-grained sandstones. Width of track
Varies from 10 to 15 mu and averages 12 nmn, Conmnonly multi-
tUdinous, subparallel to parallel trails., Often aligned
Paraliel to shoreline, as shown by measurement of associated
TiPplenarks, sole markings, and alignuent of.detritus on

b
&dding surfaces, Apparently pascichnia formed by organisns

el R




Plate 4

Figure 1, Chevron trails on bedding surface of Kenilworth
Sandstonag. Coin dizneter is 1.90 cm,

Figure 2. Close view of figure 1. Movenent from upper left
to lovier right. Distance bztween arrovs in lover left
corncr is 1,15 cm.
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grazinz at the sedincnt-water interface, Shallow neritic

parine indicator (Mouvard, 1635%a).

Fodinichaia
Teichichnus A (pl. 5, figs. 1, 2 and 3). ,
Burwrew consisting of a series of spreite which forn a
vertical blade. Yhen vieved from the side, resembles a
narrow-angle "lazy" V. Interlayered with the §2£g£§§ are
carbonaceous, €ilty laninoe vhich have not besan burrowed.
The nonburrowed noterial is fine grained and not resistant,
and hence forms a constriction in the blade., The constric-

tions give Teichichnus A the gross appearance of a series of

superposed roﬁnd tubes, all emanating from a prinary, or main
tube. Height of the blade varies from 2 to 4 cm; width is
usually about 5 mm, and a length of more than 75 cm has been
observed on outcrops. The blade itsel? is always normal to
beddiny, but spreite of the blade vary fron horizontal to
vertical, and covmonly fora a sinuous pattern, Found 15 dense
Sandy siltstone erosited in nmarine neritic environments
(Seilacher, 1954, p. 310). A feeding burrow of a detritus

feeder, possibly 2 polychaete woram,

Teichichnus B (pl. 6, figs. 1 and 2).

Possibly foried by the seme organisms as type 4, but is
& nuch larger structure, always in the form of a vertical
blade cutting across bedding, with spreite forming superposed

tubes, The individual tubes are oval in cress-section,
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Plate 5

Figure 1, Teichichnus A in Kenilworth Sandstone (arrow).
Fercil scale (circled).

3
K
o
Figure 2, Teichichnus A, showing spreite in end-on view, <f

Figure 3, Teichichinus A, 3/4 view, Arrow indicates up.
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Plate 6

Figure 1, Telichichnus B, froa lower Kenilworth Sandstone

| e G

Coin disneter is 1. 90 Cile

N

Figure 2. Teichichnus g, clos

view of figure 1, illustratin g
bladed siruccura. Coin diamet

ecr lD 1euo Cmo

Figure 3. Arthrophycus in nodular carbonraceous siltstone of

b

Surnysids Jieabsr, Pencil and pen scales on eithor side
of trace fossil,
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however, and are coumonly as much ©s 1 cnm high, 5 mm wide,
and in 211 observed spacirans the tubes are subparallel
throughout thelr length. Most blades are about 5 ci1 high,
1 to 5 cmt wide, and vary in length due to the randenr grazing
habit of their creators. A fodinichnia~-{yps burrow fouud in
Yy fir°~ to fine-grainezd sandstone; helieved to represent
deposition in shallover water than typsa (J D, Hovard,
1967, oral communicztion), because of increnscd size of or-
ganisn and beiter sorting of sedinicnls where Teichichaus B

is found.

Arthrophycus (pl. 6, fig. 3).

A conduit-like segnented trace coamonly norial to bed-
ding. Preservation varies from full relief to convex
epirelief, coxzaonly filled. Sone branchlnv fcrms have a
slight bulge at the point of branching, but these are uncou-
mon, Round to flattened oval in cross section, 5 to 15 mm in
diameter,'length is indeterminate where trace passzs into
Ssandstone or avay from the ouicrop. Often confused wilth
Ophionorpha because of its rough exterior and branching
nature, Most common in silt'stone and very fine~ to fine~
grained sandstone. A fodinichnia burrow, indicative oi a

Telatively wide depth range (Seilacher, 1964, p., 311),

Smooth tubes (pl. 7, fig. 1).
Full relief or convex epireleif burrows, preserved as

Py

St
20oth, curving, unornariented tubes oriented at random

Lo o e,
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Plate 7

Figure 1, Smooth tubses (arrows) from siltsicone above Sunay-
side coal, Diameter of coin is 1.90 cm,

Figure 2., Chondritss (circled) from niddle Sunnyside Sand-

- e

stone, Dianetsr of coin is 1.20 cn.
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throuzhout the rociks May be frihrophycus. Cross section is
round to ovzl, with a disueter 8 to 15 pm; indeterninate
length., Found in finely mottled silistones and Vcilean to

mottled" fine-graincd sandstones. Neritic morinz indicator

(Howard, 1857, oral ccwmunication),

Chondrites (pl 7, fig. 2).

Concave epirelief trace characterized by plant-like
appearance with numerous short branching scgmsnts, Horizon-
tal branchiag trails reflecting short excursions from a
central vertical burrow. ‘Diameter of the branches is 1 to
3 min, Found in very fine-grained sandsione, very shallov
neritic to littoral marine sandstoné (Seilacher, 19564, p.

311),

Cylindrichnus concentricus Toots (pl. 8, figs. 1, 2 and 3).

Cited by Howard (18682, p. 73) as describad by Tootis
(1961), A full-relief burrow found in all orientations frou
horizontal to vertical. Horizontal burrows are found in
very fine-grained carbonaceous sediments. They reflect a
randon, contented grazing search for food in an hospitable
environment, In this environment they roil and mottle sedi-
Dents intensively. Steeply angled burrows are escapeways

from hostile environments., Cylindrichnus built steep bur-

~

YOWS as the current velocity increased and fcod was winnowed

fr . ‘ . .
on the Secinent; or as the rate of sedinentation increased

a
Rd there was less food for the animal, as the finely divided
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Plate 8

Figure 1, Cylindrichnus concentricus in fine-grained sand-
stone of Kenilworih Neaber., Pen scale,

Figure 2. C. concentricus, left of pencil, Sunnyside Sand-
stone, DPencil and pen scales,

Figure 3. C. concentricus escape burrow in well sorted sand-
storie 0f enilworth Hember, Six inch scale Grawn on rock
face,
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putrients were winnoved out, High-angle and vertical burrows
are common in clean, well sorted sandstonas, where they ave

associated with OphioTiorpha. High~angle Cylindrichnus bur-

rows culninate upward in what Howard (1986a? p. 70) calls
halicoid funnels (pl. 9, figs. 1 and 2); full relief, ver-
tically orieunted, funnel=shapzad structures varying in
diameter at the top froa 4 to 25 cm., These funnels reflect
a2 change in the animal's burrowing habits, & fresh infiux of
carbonaceous material into the environnent; and a lovering

0of current velocity (J. D. Howard, 1967, oral communication).

Cylindrichnus reptilis Bandel (pl. 10, fig. 1).

Named by Bandel (1967, p. 6). A vertical full-relief
tube of 1 to 3 cm in diameter, usually 8 to 14 cm high,

Cylinder~shaped burrows found in coarsely mottled silty sand-

k:TRstoneS. Ccmparable in form to Cylindricum Linck., Conmon in

thinbedded sandstones in both members of the Blackhawk Fofman

»péition. Believed by the author to be an indicator of littoral

7 to Sublittoral marine zones,

Labyrinth castings (pl. 10, figs. 2 and 3).

Locally found as pockets of tightly interwound trails
or 3
€astings preserved as convex epireliefs on the botton

Sur . .
. faces of fine- to medium-grained sandstone bads, Sinilar

B .
“fPhologically to Phycodss (Hintzschsl, 1962, p. %208). The

Eua) .
o ! interstices between castings are filled with carbona-
5 Ceoyg
B dust, Commonly associated with pieces of woody debris,
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Plate 9

Figure 1, Helicoid funnel of Cylindrichnus concentricus, at
top of fine-grained sandstone bed. Depression of funnel
is 20 cm scross. Specimen broken across trace fossil,

Figure 2. Helicoid funnels (arrows), in lower Keniiworth
Sandstone., Brunton compass scale.
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Plate 10

Figure 1, Cylindrichnus reptilis, at interface between carbo-
naceous sandstone and overlying medium-grained well
sorted sandstone, in Sunnyside Sandstone. DPen scale.

Figure 2. Labyrinth castings, from upper Sunnyside Menber,

Yote different sizes of fossils., Coin diameter is
2.38 cm,

Figure 3. Labyrinth castings, from base of Castlegate
’ Sandstone. Coin diameter is 1.20 cn.
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Indicative of tidal zone to floodplain environnment, probably
nade by pelychacte wornms (J. D. Howard, 1667, oral communica-

tion).

Gyrochorte (pl. 11, fig. 1).
Simple, bilobate trail preserved as coavex hyporelief in
well sorted, fine-grained sandstones. Characterized by
mediun furrov. Superficially resembles Aulichnites. Ona to
7 nm wide, of indeterminate length, 1 to 3 mm high., Gener-
ally smooth surfaces; crossing burroﬁs pass over cr under

each other, never destroying another burrow, FRandom, mean-

dering locomotioﬁ. Not branching. Descrlbed b) Seilacher

-~ -

(1964, p. 311) as nondiagnostic of depth, but because of the

traces with which Gyrochorte is associated (fig. 23), the

author believes that Gyrochorte indicates sublittoral to

littoral environment., Trace probably made by gastropods

(Hintzschel, 1962, p. ¥198).

Aulichnites (pl. 11, fig. 2).

Sinple, bilobafe crawling trail preserved as convex
epirelief forms in very fine- to fine-grained, well sorted
Bandstones, Median furrow in ail trails. Meandering direc-
tions

y» reflecting a grazing search for food. Trails are 1

%0 5y wide, 1 to 3 mm high, with smooth surfaces. Burrows

~

n
: ot Te-used, not branching. Probably a gastrOﬁod trail, may

b
© Same genus as Gyrochorte, but different habits. Indicates
ttor

al deposits. (Description from Bandel, 1967, p. 4,)



Plate 11

Figure 1, Gyrochorte, in Sunnyside Sandstone., Ccin dizmeter
is 1,78 cm, ’

e 2. Aulichnites, from Kenilwerth Sandstone., Coin
dizmeter is 1.78 cm.
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Domichnia
Ophiomorpha (pl. 12, figs. 1, 2 and 3
pl. 13, figs. 1, 2 and 2),.

Known for many years as Halvmenites major Lesquereaux, a

European algal form which it superficially resenbtles, Ophio-
morpha is one of the most widely distributed trace fossils in
Mesozoic to Recent sediments in the United States, A full
relief burrow, frequently vertical, prescrved as either cores
or casts with characteristic bumpy surfaces, Casis of bur-~
rows found in deposits of shallow water envirorzents have a
thick outer wall, éimilar to burrows of the modern shrimp

Callianassa major Say, which is considered the nodern coun-—

terpart of Ophiororpha (Weimer and Hoyt, 1964; Hoyt and

Weimer, 1965). Burrows of Ophiomorpha vary widely in size
with variation in sedinzentation, Vell sorted fine-~ to
mediun-grained sediments contéin the largest burrows; burrows
are snaller as the content of carbonéceous debris in the

sedinents increases. Ophiomorpha preferred environments with

little suspended sediment for its role as a suspension feeder
because when there was an excess of suspended sediment, the
phytoplankton upon wvhich the animal fed would not be present.
It is found in many different types of sedimentary rocks at

Sunnyside, however, Several different species of Callianassa

are found in estuaries, open lagocns, or tidal inlets, but
burrows of other species than C. najor Say would not be con-

fused with Chhiecrorpha, Burraws of other spacies of




Plate 12

Figure 1, Ophiomorpha, from Sunmyside Sandstcne., View paral-
lel to be dding surfaces, Coin dizmeter is 1,20 ca.

Figure 2., Ophiomnorpha, from Sunnyside Sandstone. View normal
to badding surfaces, Hammer handle is 4.07 cm measured
dizneter.

Figure 3. Qph‘O“O”pH%, from Sunnyside Sandstone. Vicw nornal
to beddinz suriacces, Hawmer head is 18.65 cmi long.
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Piate 13

Figure 1. Ophiomorpha, upper Kenilworth Sandstone., Hammer
scale.

Figure 2. Ophionorpha, from uppar Sunnyside Sandstone, illus-
trating branching nature of burrows. Pen scale.

Figure 3. OplLicmorpha, from upper Sunnyside Sandstone, illus=-
trating branching nature of burrows. View parallel to
bedding suriaces. Pen scale,

Figure 4. Arenicolites (circled), expressed zs pairs of
indentations on top of bed, Kenilworth Sandstone., View
normal to bzdding surface, Coin diametexr is 1.90 ci,
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Calliznassa may resemble Avthrophycus, snooth tubes, or lavge
horizontal bursrous (R, J, Weimsr, 1668, written ccumunica-
tion). Seilachar (1954, p. 313) points out the bduzym"rlc

inferences drawn from trazce fossil orientaticns.

Arenicolites (pl. 13, fig. 4).

A full relief, vertically oriented, U=-shoped buryow
with a diarmeter of 5 to 7 nm, Most burrows are oval in cvross
section, probably because of coupression duving lithifico-
tion. The length of the burrow ié controlled by thickness ¢f

the enclosing bed. Arenicclites is preserved on bedding sur-

faces as poairs of depressions, usually 10 to 50 m=m apart. A

~. N ~ -

donichnia or fodinichnia type burrow of a polychaete worm,
found in well solted fine~ to nedium~grained sandstones; buie

rov indicates littoral environments (Seilacher, 1964, p. 311),

Thalassinoides (pl. 14, figs. 1 and 2).

A convex epirelief burrowv, very common in sandstones
throughout the area, Burrows are a series of Y-sﬁaped,
branching tubes, {ntimately interwoven., Tubes are circular
to oval, with a diameter of 5 to 15 mn, Burrows are devel-
0red at a sand-to-sand, sand~to-muddy siltstone interface.
Considered by HHntzschel (19862, p. ¥218) to be burrows of a

Ce . .
. Capod crustacean, Indicates shallow neritic conditions

vl i
°Se to the littoral zone (J. D. Howard, 1967, oral communi~



' ’ Plate 14

Figure 1, Thalassinoides, underside of bedding, lover

-

Kenilwortn Sanastons. Coin dismeter is 1,90 ca.

Figure 2. Thalassinoides, in Sunnyside Sandstone. Overhcad
view, pen scale,
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Plural curving tubos (pl. 15, Tigs. 1 zad 2).
Descriptioa by Howvaxd, (19382, p. 76) for groups of sub-

arallel, curvinge, vestically orviented full reliet? tuboes that
5 e ¥

-

have defivite vall struvcture., Tubzs sre very lignt grey to

s

[

viite and are very noticeable o cuLCTORS. Tube diasmcter is
constant at about 7 m@m, and the tubz wall is 31 to 2 mw thick,.
Tubes are open at top and bottom, Grain size of the wall is
the samne as that of the enclosing rock, but organic mattéf
and clay are 2bsent. Probably the permanent buriow of &
filter fesder (Howard, 1966a, p. 77), in fine-grainod sands

of the littoral zone (Seilacher, 1964, p. 311),

Large horizohtéllbﬁirows (pl. 15, figs. é ééd &).

Large, branching burrows preserved in full relief‘and as
convex epireliéf in silty, carbonaccous, sandy mudstones.
Described by many writexs as "fucoids", the trace is similar

to Planolites nontanus, In the Suunnyside district these

traces’are found only above coal beds or above mediuvm=gralined
Sandstones, Often aligned subparallel to strike of ripple
nark crests where associated with them, but no indicaticn o
Rechanical revorking of burrows. Burrow is ovai in cross
Section, with a maximum diameter of 10 to 60 mm., Burrows
filled with very fine- to fine-grained sand with clay maotrix
and some carbonaceous material, Distinctive on the outcrops.
Believed by the author to bs constructed by detritus feedors

i:
A terrestrial subagucous deposits; interpretation based on
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Plate 15
Figure 1, Pluvral cuiving tubzs, natural size, middle
Kenilworth Sazndstone,

Figure 2. Plural curving tubzss, Sunnyside Sandstone, Pen
scale.

Figure 3. Large horizontal burrows, top of Kenilworth
Sandstone, Pick scale,

Figure 4. Large horizontal burrows, from siltstone roof rock,
Sunnyside coal, Coin dianeter is 1,90 cun,
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both straticraphic position and ligholozic association of the

trace focsil,

Cubichnia

Ruhospuren (pl. 16, figs, 1 and 2),

Resting traces preserved as concave hyporeliefs in finz-
and nedium- to fine-gralined sandstones. Tfaces may fori a
circular pattern, an apparent trail, or may occur sinzly.
Suggested by Howard (19662, p. 78) to be made by "jellyfish
or an aninmnal with similar bottom configuration." Traces are
oval, and have constant dianeter of 10 to 15 mm. 1In cross
section they exhibit a péripheral trough 2 to 5 mn deend with
transverse walls. The center is a raised boss slightly lower
than the surrounding surfaces, 5 to 10 mm wide, and is szucer-
shaped., The trace is uncommon, but its occurrence on outcrops
is probably linited by the scarcity of hbrizontal bedding sur-
face exposures., Indicative of littoral to sublittoral

environitent (S=2ilacher, 1964, p. 311).

Fecal Material
Pellets (pl. 17, figs. 1 and 2).

Pellet-iike structures preserved as convex epirelie? or
convex hyporelief at sand-to-sand interfaces, Ovoid, with a
Lajor axis of & to 10 and ninor axis about 5 rm, Locally
abundani, these features exhibit no ianterior struct&re.

Sinilar norphologically to Sazittichnus Seilacher, 1953

(Hantzschel, 1852, p. Vi215), The trace fossil is believed by

e SBlty  N T G L s S sl v R2i. S e ik el

el e



Plate 16

Figures 1 and 2., Ruhespuren (arrows), pattern and trail on t
of bzdding, lower Kenilworth Sandstone, Ccin diancter i«
1.20 cm.
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FPlate 17

Figure 31, Fecal pellets, on top of bed, middle Suinyside
Sandstone. Coin diameter is 2,38 cn.

Figure 2, TFecal pellets, on base of Castlegate Sandstionec.
Overhead view, pick scale.
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the author to reprecsent feces of fish or of large amblypod
crustaceans in 2 shallow neritic to 1littoral enviiroument,
ocia-

bzcause of the stratigraphic position and litholozic aos

9]
(4]

tion of these trace fossils,
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INORGANIC

SEDIMENTARY STRUCTURES

Sedimantary siructures of the Blackhawk Formation may be
groupe od into two categories: biogenic structures, built by
Organisms; and inorganic structures, which are priﬁary fea-
tu*;s oefc1opﬂd nechanically, Biogenic sedimentary stiructures

. in the rocks under investigation were describad in the section

©on trace fossils. This section is therefore concerned with

irorganic structures.

Klein (196 7) and Potter and Pettijohn (1983) made ex-
"_f’ustive studies of tha role of sedimentary structures in
 f ‘na1ySis of sedinentation patterans and depositional erviron-
H:~§cnts Klein's work described Holocene deponsits, while
':;%tt°r and Pettijohn concentrated on paleoenvironments. Both

!or
i %S contain cowprehbasive reference sections, Interpretaw

tios
°2S of environmmental significance of sedimentary Gtructu;eo
B¢

“‘43

in this papar are based upon these two publications and

o na
P2pers by McKee (1957, 1664),

57
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podding Structures
Sandstoaes of the Blackhavi Foruation cormmonly are
cross=stratified. The nature of the cross—strativication
yaries with the curreat velocity in which it was produced,
1hickness and type of»stratification depends mostly upoa the
velocity of»the transporting medium, In strata deposited in
:rqulet water, laminar bedding is dqminant, and depositioanal
lﬁi%foss~stratification is uncommon; deposits in environuents of
higher kinetic energy are thin- to thickbedded (2 in. to 5
fft), and most are crossbedded in wedge-shaped sets (fig. 8)
6 Inches to 2 feet thick., Such sets are tangential at their
. bases, and have planar tops (fig. 9). Sole markings in beds
of this type are parallel to the direction of crossbedding.
ihs indicates that the beds were bu;lt ﬁp in the dirsction of
tedinent transport. Prinary dip of crossbedding varies with
the eénergy of the environdént, but dip angles greatex than
20 dezrees are rare. Most crossbadding in Blackhavk sande
*tones at Sunnyside dips to the southeast 2t 2 to 15 dezress;
!“mSUrements of direction of transport indicate a nearly con-~
ttant direction of S 80 E, Of 80 measurcments of features

i

a?iCative of transport direction selected at random fron
¥£eld hotes,
14

74 are within 2 degrees of S 80 E, and none

oy
, lated more than 20 dezrees. The directional features

Teag
- 7PUred include crossbedding, flute casts and other sole
iy
=Ty -
S on bedding surfaces, The nearly unidirectional

asymnetrical ripplenarks, and orientation of plant
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Figure 8. Terninology of Crossbedding (modified from Potter
and Pettijohn, 1963, p. 69). No scale.
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Figure 9. Tangential crossbedding in lower Kenilworth

Member.
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i
. gediment transporti is a major factor in the interpretation of

depositional environment, to bz treated in a later section.
Many sandstone boeds exhibit ripple cross—laninztion

(fig. 10), a bsadding feature forned by low ve lcwit; current

drag penecontenporaneous with deposition (Potter and
pettijohn, p. 155). Laminae are built up by rippleuarks mni-
grating in one direction, Where this feature was found near

“ Sunnyside, measurements of the direction of laminae buildup

“indicate ripple migration to the east-scutheast.
Crossbedding that indicates sediment transport in oppo-
site directions in successively overlying seis (fig. 11)

forned in local areas of deposition. This type of crossbed-

1 Particu1a%1y-good ocutcrops in the upper Sunny51dc Sandstone
;ln Water Canyon (fig. 11) of such beds dlsp11y a vertical
‘53€quence of. foresets 6 inches to 1 foot thick that dip in

CPposite directions at low ancles, Potter and Petiijohn
{p. 96) point out that wost crossbedding points down the

Paleoslope,

The upper surface of the main cliff of koth the Suniiy-~

;;F;de Sandstone and the Kenilworih Sandstone is plunar at
Ecarly every exposure (fig. 312). The plarar surface nmay be

N &:1 R . .
o indication of subaerial erosion prior to deposition of the

»i. .
~'8Tlying sediments (Koward, 1966b, p. 32). Rootmarks occur

- dn ¢
! i *he upper foot of the uppernost sandstone bed in each

ding is preserved in some outcrops of the Blzckhawk Formation,



Figure 1i0. Ripple cross-=lamination, middle Sunnyside
Sandstone,

Figure 13, Crossbedding in opposite directions in succes-
sively overlying sets, upper Sunnyside Sandstone,
Oblique view to depositional sirike.

e A T
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Figure 12, Top of Sunnyside Sandstone, ii’ - __ ~c¢sirating plz:-
nature of badding surfaces.
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rember (Zig. 26), indicating that plants once grew at these

(,n ~rent c“th cures

Rirrlenarks are the rost ceomon ty current-built

e

":5
[
4]
&)
wi

ciructur-z in the rocks at Sunnyside. Many are symmetricol
(fig., 127 with relatively siraight, subparallel crests that

cre transversas to the oscillatory water movement that formed

]

thenn (Petter and Pettijohn, p. 29)., Current ripples (fi
.14), which are formed by directional movement or transport
(Potter snd Pettijohn, p. 29), are abuundant in thinbedded,
fine~grainzed sandstones in the Sunnyside area. Oscillation
and current ripplemarks vary widely in measured amplitude and
wave lerzth, ﬁegaripples (Potter and Pettijohn, p. 89) with
Laxinun zaplitudes of 1,5 inches and wave lengthsvof 7.5 Feat
¢ccur ir the middle Kenilworth Sandstone in Slaughter Canyon
(fig, 15), Megaripples are best preserved at this locality,
2lthougk thev are coumon elsevwhere in the Sunnysida area
Gilvert (1899, p. 138) postulated that ". . . ripplenarks

are Oon2ly hal? as broad as the waves rolling above then are
kigh n

e if this postulation is true, waves that formed the

Ligarip:les described above were about 15 feet high. Heezen

“rd Hollister (1264) have photographed current ripples on
the sea floor at depths as great as 8,000 meters, thereby
P?ov1ng that fossil ripplemarks have no bathymetric sig-

« Current ripples in the Blackhawk Formation are




Figure 13, Oscillation ripplemarks, upper Sunnyside
Sandstoune,

Figure 14, Current ripplemarks, upper Sunnyside Sandstone,
Overhead view,
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Figure 15. Mhegaripplcs in middlie Kenilworth Sandstone.

(A) Sharp peaked rippiemarks (1) overlying and trun-
cating low amplitude, long wave length ripples (2).

(B) Mhegaripples with wave length of 6 to 8 ft and
amplitude of 1.5 in, Hammer scale,
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¢ransverse to the direction of crossbadding,; according

and Pettijohn,
:r3les to each othe

arc found in sc¢uz2 b

Chznnel Structures

(p. 94),

I sirike.

ey

ol

and ci:

Intery

©3) formed by curvents

ARG R

aracterized by polyzonal

these ripples

erence

to

at lerge

CUSDS,

Channel deposits occur in nearly &ll types of beds. They

vary in wictn,

vithin beds;

‘depth, direction of transport, and orientation

channel deposits can seldont be traced {o» any

eppreciable distance laterally, hovever, because they ccmmonly

€rop out high on vertical cliffs and are inaccessiblez, aand

Ytiocause they are covered by colluvium on north-facinz slopes,

Channel deposits are found in tvo lithologic relation-

Stips:

Be

%! -
11 be presented separately,

Cause these lithologic relationships may have sone

o 1nterpretation of depositional environment, theilr dat

Channel deposits of sand in mudsiona

en
iy
4£!

g."an

‘ } Cular

1y the smaller of the two types.

Y
2Mnel deposits of this type obsevved

Yost

‘rAetrical about a thalwez at the centor

at

50 fest wide and less than 20 fest deen,

scours into nudstone that are filled with szndstone,

And scours into sandstone that are filled with sandstonz.

)

of the channel,
Sunnyside are less

They are len-

Sandstone bodies, convex downward with nearly planar
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Figure 16, Interference rippleiiarks on bottom of beq,
middle Kenilwiorth Sandstone, illustrating plovzeoaal
CusSpSe. '

Figure 17. Sandstone-~in-rudstone channel (arrowvs) in
upper Sunnyside Shale., Channel at thalweg is 12 ft
thick,
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~odinent into which the choanels were cute. he structures
ave foreset crossbedded in troush sets (Potier and Pettijolm,

P 70) that have theix long axis parallel to the directicn of

53]

¢ip of the fore

I

etS, The sects thicken in the direcction of

the foreset dip, and truncate other sets thisughcut the depth

b

and breadth of the dencsit. Most trouzh sets display nodere

5]

gtely graded bzddirg. No trace fossils were observoed in unit
¢of this type.

Chann2ls of sandstone in sandstone are largesr than chane
r<ls of sendstone in mudstone., The srallest observed channel
of the sandstone-szndstone type (fig. 18) is 2t the mouth of
Slaughter Canyon in Vhitrore Canyon (pl. 1). Althcugh omnea
Slde of this channel is rciioved by erosion, the projccted
¥ldth is 60 feet; it is 10 feet thick, The largest channel

Etructure of this type is located in the south wall of

<;’Ehitnore Canyon, and was measured by pacing and with steel

~tape; it is 150 feet wide and 45 feet thick at the thickest
Paint, These channels are asymmetfical in cross-section, with
the thalweg well to one side., Sediments in these channel fills

Flwr A g o e .
€ cressbzdded in wedge-shaped sets that thicken laterally,

Lorz : -

Zal to the long direction of the charnel (fig, 19), Fore-
R 1 - A0 : : .
,‘,amt bedding within sets dips in the direction.of thickening

ot
the Sets, Sandstones that fill scours in sandstone are

tain less carbonaceous debris thnan the

3

t‘:u:}
TSer-grainad and co

SR



Figure 78. Spell sandstone~-in-sandsione chanel in uppap
Kenilworth Sandstione., View northwest,

Figure 19. Sandstonc-in-~zandstoue clhaunel in unper Sunnysi.
Shale., View northeast,
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t-73 intc which the channels were cut. The scoured beds
c-umonly are thinly and eveuly baddad, very carbonfceous, and
conronly are intervbeddod with silistons. No trace fossils
vere found in chennel fill sandstonss, but traces are oiten
tendsnt in scouved bzds, Most chonnel depozits of the type
¢ seribed here ceep out high on the ¢iififs, hence they arve

-

¢.sler to trazce laterallily than the snzller choununels,

.
v
¢
e
1
§

cormon types of load structures in the rocks of the Sunnyside
¢istrict, PBoth features are caused by foundasring of a scdimant
into a less-~dense sediment while both bodies are still hydro-
rlastic (Potter and Pettijohn, 1963, p. 145, 148),

Ball=and-pillow structures at Suanyside are choracterized
by individual segnents of a stratum which have scttled into
the underlying sediment. Balleond-pillows are most conmonly
Seguents of fine-grained sandstone which have foundered into
Ludstone, with stringers of nudstone squeezed up around the
Eegoments,

Load casts are formed by settling caused by differvential
loading of ifregular scgdinment surfaces. Initial depressions
“R hydroplastic mud beds are filled with sediment, resulting
n “nequaplloading (Middleton, 19865, p. 249). Load casts do
"ot breax away from the parent bed, as do ball-and--pillcwy

\rtr . . .
Uctures; they form pendants into the less-dense sediment,
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Figure 20,

Load cast of very fine-grained,

into underlying carbonaceous mudsione,

Shale,

Pick scale,
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The Biloelkchowh Formation at Sunuyside conprizes,; in age
cending order, the Kenilwvorth and Sunuyside Meubors of Youny
(1955). Foch momber is defined (fig. 3) to conzist of a
“"Lasal wihitecszpped sandstone and the overlying lageonnl and
offshore bar deposits" (Young, 1955,>p. 1831). VField obsore

vaticns by the author show that the sandstone unit of esch

~

hber is a2 physically prominent and nappzble unit (pl. 1)
and that the lithologic dissimilarity between the sandstonas
'id coal~banring argillaceous sedinents indicatez that a
_Sﬁifferent set o7 conditions governcd the deposition of each.

) ' 1 L
The 'b2sal white-capped sandstone” of Young 2lso occurs at

]

the top o7 individual sandstone seqﬁences in each mcnbar., For
*S¢ reasons; ths author proposes to divide both the Kenil-
¥orth Member and the Sunnyside Menber, EEFETmEmayxem  In

tich Lember, the divisions are a2 sandstonc EXSusony znd an

um'f' dwmons

“eTlying coal~bearing Esemwhey (Tig. 21). The,

stone, Kenilwo

hale.

T4
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Figure 21, Blackhawk Fornation at Sunnyside, Utiah,

Castlegate Fornailon
Sunnyside Menber
Kenilworth lLexber
Mancos Shale
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NS I et L,u,;..," rofers 1o poutissile induratced scdinsunces CoLIpTSCU
1 i

;o osiliezizod porticles frolr L0352 1o 004 i dianctor,. Aoy
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clonat o in This repdrt relfers to noulissile, indurated beods GF
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vdicates poovly irdurated, indistincetly boedded seldineuls OF

S

prain size less then 001 m dicnetcer, roufisslle, laninar ov

lection of bads of doninantly argillacoous sedinents; "shnle®
refers o f£issile madstonz, claystena, or silisiornz, Graln

clastic sedinments used by the U, S, @51031051 SUurvaev.
Fizure 22 shouws current velocities necessoery to transport ond
€cposit perticles of these sizes,

Fzch pember exhibits a depositionnl seguence that vavics
tlightly 1nte: 'ally at Sumayside, The seguence bazins at the
base of the sandstone subnenber with alternatinz layers of

Cry thinebsdded, b

v
o

%

2 ‘macoous sandstone and sandy, cavrbonas-

l¢]

¢2ous siltstone. Th tones are evenly badded, weoll

D]

sand

0}

Sort .
orted texturally, and contaln nuiiercus troce fossils

NJ

1y oSt
‘11t8toncs were thoroughly vovorked by organisms, Although
the t“o lithologies are interbadded, there are sharp boundaries
batzcen layers, nhioioirpha is the deoninant trace foesil in

tRa Yemamy
* lowvest sandsto ne3; the silistone interbeds contoin abun-~

Candt
© Cylin ndrichnus, feesl pellets, and labyrin

10 th costings iz



AR

Figure 22. Current i red for erosion, {transe
poirtation, and derosi dinente. Curves are
based upon exparincnts with partiecices of specific graviis

2. 60 10 2.65 (Gwdific 1 Beezen end Hollister, 1034,
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The next overlying portion of the scuucuce is nostly

>

) t YeY on N PR Lo NI - 3 P
Phinveadded, very fine-greincd son

fitenie, The Tinee-grained sandstoiie cornmonly containg
vroaripnles, current ripples and escillation ripples; rnost

(p. 45 to 55 of this paper). Thinbadded saadstones ave

tharacterized by an abundance of trace fossils. Thalassie-

Oyt e, AN

Yo ) . ~o s .
Ioldes, Onhiomorpha, Cylindrichnus, Telchichaus, Gyzochorie,

fvlichnites and Avenicolites are soue fossils that are pre-
£¢TVEG in the rocks of this typs. One factor that governs the
P3sociation of trace foesils is the amount of silt, nud and
®¥ganic debris in the enviromcent., Where nmuch finz sedinent

ard . . .
Organic detritus was present during deposition,

T

3
B2 is Snall, most Cylindrichnus ar

iindrichnus horizontally oxriented,
&ag e

*Cellent helicold funnels are associnted with Cylindrich-

hrs .
Il IE&SQ&EPNHS is cozvion in the more carbonacocus rocks,

e e e
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D
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rakes a rnesive ¢liiff, It conteins varviable enouants of carlto-
nncoous dzbvis, ound comnonly containi an abuoudnnt trace Toisil

. The thicki:added sandstons is coxvser grainad thon the
underiylinz units,

ca e ‘e e P

The uppzviost unit in tho seguzieo 1s a very light-Zrey
sandstone,; noraelily vell soveicd; fins- o F‘d’u' graiuwed,; and
nontossiliferous; pest stratification s in to atial foresat

crossbeds. ‘This unit is the Y"oplesched zonuzs,'" or Ywhitecop” of
$

[

a

0

Young (1955, p. 85); it is coinonly the upboriost unlt o
sandstone subnenber, but is also found in nmany ouvtcrops soae
distance belcw the top of the subneambzi's Thickbedded, well

y .

ed sandstonzs in the subnenbor are charactoerized by lavge

()

Sort

P

Ophicnorpha burrowis (3 to 5 cu dismeter), and by comnon Aves
O T T L WAATA I R - , PP .

nicolites burrows. Cylindrichn
e e

L O SRR

vertical, and

tracks and trails oun badding suvfaces arve abundant.
Any parts of thoe szaquence 1oy bs missing from the section
at a given point, depcuding upon conditions at the time of

deposition (fig. 23).

Rocks in the cocal-beering @UWiEusEyy include 2 basal,
irregular and discontinuo ous, very carboaacoous sondy silte
Stone; an overlying coz2l bed; a siltstone or fine~grained

Sandstone bad; and dark mudstones with thin, discoatinuous,

Cross

» -

strafitied bzds of claystone, silistone, or very finee

Erained sandstone, Channel-fill sondstonoss oceusr in the



Colwimar stratigrapnic ezeticon of the Bloeihihewik

[ 13- ~
on in the Sunuyside district, showving gencrnlisced
¢3sil litholozic association,



Mgberry, 1968 Young,1355
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carbonaceous siltstone claystone,shale
coal
thickbedded, fine-grained sandstone
thinbedded very fine-grained sandstone
interbedded sandstone and siltstone
l\“Q mudstone
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Trhe bose of the sandstons eiomyrese is ot the base oF
<o losost of thvoe sondzton? toinguces in the Fenlluorth
voshor 2t Swhnysida. The thres tonzues ave rozily sondsione

sva sentratsd by thin viits of rock litholezically sini-
: to the llzwcos Shale,. Th2 lover and middle tongues cre
vtien} successions of incertoddcd siltatoue and SCucsiond,

}ike the lower tonzves but is coviesd by a thichvedded vell
> F) i ?
sorved medivii-zrained sandstons bed, The thickbeddod laver
s > B

containsg Jocal boudies of very lighi-grev to white sandstoue
£1 various siratigraphic levels, This is the "basal, nipssive,
vhitewcappzd sandstone" of Young (1655, p. 18i). The sande

[
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ECINH
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tateniber forms an abirupt cliff; up to 200 Test high,

that r Mancos Shale, It is dise

[
3ol
oy
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<¢
©
n
-
]

Lin)]
[0
0
(o]
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ses sieaply
tinctive in the field (fig. 24), and is o mappable unit
(p1, 1),

The Kenilworth Shale exzextree is composed of a 150 to

20 - .
JLQ foot thick sequence of coal-bearing, dark grey, clayey

[
Yrales

y mudstonss, and szndy silistones, It forms a slope

o

R R - .
~C¥e th nilvorth Sandsione &xszipsw, The

6]
0
d
[
=
=
(o}
F
o+
=
Q
]
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rv

terval is made up of a discountinuous,; very cavbonaceous,

4
nr

P

“dy siltstone at the base, overlain by the irrezular, thin

Lol .
¢k Canyon coal bed, which persisis throughout the area,

ihe

L

Coal is in turn overlain by very fine-grained, argillace-

"2 rocks that contzin abundant coalified carbonaceous dabris,
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e O ed

erd Jabvriuth ca=tings are very cormon trace fo3sils in the

crzilizosous rockz; the lenticvlor silisions beods connonly

S, Po 88). Yo lovge plznt pieces such as trecs or stunips

are known in the coal, It is not comnaercially exploited in
the Sunnyside dis<irict at present.
The vppor boundnry of the Kenilworih Shale €tmmelie is

placed at the base of the lover coatinuous sandsicoun of the

w
H
tote
b-t

cliff-Forining Sunnyside Mcaber that overlies the coal-=bza
interval of the Kenilworth. This horizon is the interoncnboar
boundary between the Kenilworth and Sunnyside Members, and is

one of apparent unconformity,

Sunnyside Menber

e

The Sunnysids Hember was named and ves defined by Younz

ue and the over-

ce ol rlagsi’l’ ba o ng
ch are replaced easte

lying coalub:ari
vard by ofishore
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Youns's deTinivicn darives fren bedding charac

»

. . -

.o - PR - ARt - [P Y 2 3 ~ ot g Y 3 amm e L
1ivkoiosy, end inferonce of ovigin., Dotailea field investi-
gations by the auther show thot Young's Ymessive, besol sande
>

. PO R R T L4
ctornz” is the top unit in an ordorly siratigeapni

fron interbeddod sandstons and silestone a2t tio bose to
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vosth Shele. edlsmostsr The basal facios of the szprdatons
Cillmianbep at Sunnyside is interbzdded silistone and thinbzde-
ded, very fine-grained sandstons (fig., 25). The silistone is
Cxtrenely‘carbonaceous, and is so inteasively veworked by
Crganisms that traces of original badding are rare. Trace
fossil presszrvation in siltsiones 15 uncommon, because the
thoroughn\qs vwith which the subsi{rate was revworked either

?:-l * < 2,
teStroyed or altcred the blozenic sedimzntary structures.

f(\"h‘ N . . A .
“S5ils are zbundznt in the sandstiones; Ophicmorpha, Cylin-

U R s .
*»iEEQU», Teichichous, Thalcssinoides and Arthronhycus are

theo

o5t coumon types found in the thinbedded sondsionas,
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~~“Root zone

¥hitecap
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Thickbedded

sandstone

Thinbedded

sandstone

Interbedded
sandstone and siltstone
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ertzddzsd besol seguonce of the sandstons €EEETIT 2

3 .r R I e A AL —~ Y - i p . J

j- overloin by thinbzdded, cross-stratified sandsicne ity
L . PR F s Yamyay o o ey ~Inie oo PR
enitains variablic cuounts of cavbonizcesus dobrls,  Foresce

%y - - PR S .. P ' Rl
erzh hed vary vith tihe cugunt of

)

¢ . orarneonus detritus in the sedinznt. The leso carbonacasud

polchichnus, Thalsssinoidss, Aronicolites, hovizontnl Cylis-

e v v Bt L e e - — NS i

ricnnvs and helicoid funnels,

The next overlying undt in the sandstone €Z=Fhzw is a

V. v, . —~ N Al : 3 = N - e r & e Ty A
thichbedded, crozs«<stratificd, fine- to medivregraisnod sonds

Cross-stratification. Small channels cccur in the unit ot

: 4 -~ s L]
Cifferent straticgraphic positions, Lenses of conlified cnrioe

Biceous debris occur at nunercus localities, and these leunscs

¢ 73 associated with the carto-

fae ]

F2only contain lnbyrinth castin
Lo oona 1 5 i - et

Leous moterianl The facies is well sorted texturally;
Loeln osize vories in discrete beds, and size increases unvard

L4y . .
“fin the unit. Trace fossils in this feocies are similar o

..
LT3 A ) ) -~ s
~SC in the less carbonaceous bads of the underlying thin-



5{80,)5(0H)g) coiitonuly coeurs In the vppor 8 to 6 Peot of

> GondSieid,  The unzoe fout of thz unlt contains avundaut
yostinvks (Fige £5)e The un suriaca ¢f the sandstouna body
s nenrly plannc,  Trace fo33i1ls are varvre in this faclies;
todding foims ove toisentisl forezot aad troogh g9 evoosbad-

The upper boundary of the Suanyside Sarndstong is placed
&t the top of the upperiiost sandstona bed in the coantinuous

vertical clif{s, @ngiribraemod e i mammnBiriorneatroreeitn

The Sunayside Shale subicniber contains a basel thin,
discoatinuvous, sandy siltstone, overlain by a thick cozl bed

hod

rnd 250 to 300 Yeet of dark, laninated shale
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of sandstone and silistone,
The cozal is the Sunnyside coal bad of Taff (1803, p.

233), a hard, bright, brittle coking coal of high=volatile B

bituninous renlk, The cozl has an irrezular brezk, due in

P . .
PArt to the natting and intevlayering of the plant parts

r)ﬁ ~y 13 : D
“2ich paxe up the cozl, The Sunnyside conal is richn In wvaxes

and g

Spores, Fossil nexaspore
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ly o? plant debris instead ef woody



Figure 26, FRootmaris in upper one fo0t of uppsr Sunmvinice.
Sandstone. Uanit obove inan is silios
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_.eseind, Indicovtes fToriat of detritsl) cozl in shollc
oo (Tuchudy, 1831, p. 57). The Suanyside conl bad is
¢ 1it by silistone aud owudsione o few inches to as mmch as 75

- . W] 2 L 2o DRI, )Y ’ .. Nm e S Al
Luelers belicvoed the cozl to boe two different bads, Doilellied
P S v . PP SRR K el cynn enm sy a Y 2 o~ Y -
serTace napnicry and enrieelnotion of vadsrsrounda SZCTions Bl

- ' oy e oy 1 - o o 1] - oo $ 4~ K Loy
{ant the “upoer scan" and Yiower scaun" are splits of the sonw

R 2. . N Ly ey - A e
ol znd were formad in the s=ane svanp (Brodsky, 1650; p. 36).
# P . ey A - . —~ e 3 X -a ) 2 T
y=2 split is 1ot overyvwhaore peosant in the aven; it thins to

the rovth and ecst, and thickens {o the south and west,
Tro scdirestary scguence overlying the coal is chavace:
tooized by very coavkorec20ms shales, mudstones, and silte

Litugs, and lenticular sandstones and silistones, The oaly

3}
w
'—f’
o]
!
f
ol
bd

ls observed In rocks of thie sequence ave lavge

U»

"‘v—, - . -
»ovizontal burrowns and labyrinth casting Lerge hovizontal

tirrows are nearly ubiguitious in the rocks overlylng the

ated

e

YiPer split of the coal, Labyrinth castings ave aszoc

)

¥

pom
-~
o

large pieces of cartonized wmaterial which are strati-

*??phically above or b2low the coal., The thin-shelled, snall,

+orly preserved nolluscan fauna previously referred to in

$HIS paper (p. 81) was found 40 to 60 fe=t above the coal bed,
Tha Uppor boundoary of the Sunnyside Meaber, which is

*ltg the uppe * boundary of the Blackhawk Formation, is placed

-
*3 the Jrereca ”
1 lovest appeavance of sedinents of the Castlegate Foivna-

i .
Ee 3) is g light yollow-~grey sandstone on fresh eupdsure,
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INTERPRETATION

poan - & A= gy N e Al S - U - A -~ o Yy
Thore seens to bz litile guasstion that deposition of the
Ploelkihonk Foroztion £t Sunuyoide was in tho snallow water of

¢l the Bilockhevl to stratns of uandounbicd Lote Cretuaceous aze
joeclude an erpument over agze of the Blackhouk (fig. 23).

Trace fousiis that occur elsevhare in beds of undoubted

pririne origin cccur £1eo in the Bleclkkhawik, and fosslils of

\)

Groonisns that sre kiovmn to be nerinz gre found in the undoer-

lyirg Mancos Shole (Fisher, Erdnznn ard Resside, 1660, p.

*‘3

20~21), Spore and pollen anzalysis by Sarniento (1857, p.
1633) supporis the shallow water concept. The question left
to this papsr, thercfore, is how the sedinents vere transe
Forted into thes site of deposition; and what the envircrnent

e 1113 \ C YUY SR v, 3 ' ]
S during deposition of the Blackhawk Formation at Suanyside

The data presented in the forezoing scctions are adapt-

ah) . - e

Y€ to two intevpretations of depositional environment, One
Inte

tc-Pre’catio; is that the scodinents were deposited as part
cf

¢ Periodicnlly prograding coastline succession of offshore

“¥» barrier bezch, lagoon-zwaiip, and piledzont envirocunents

94 .
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v, linch of evidoacad are di scussod for each ARCITRCCCN U IGR
H
- - 2 4 s -!.t~ - e ] o~ -~ (RPN N ] S -~y A A — L ~ r I m
though it s the only accopeabie 1nTCrpritliith. R RS

satvardeprogiyading offesucre bay, shallov narins, bhurvicr, and

€2). The observed relationship of trace fossil asscubleoges

desositional environments

o

vith litholozic t{ype indicates tha
becanie shailover westward (fig. 28). The shoreline treaded

north-northeast (Fishoer, Erdmann and Reeside, 16860, pl, 1i,

’\f.‘
'U

and Cobban, 1952, p. D52). Noune of the sandstone todies
tludied by the author has the geoumetry of an offshore bar;
t2e tops of all sandstones at Sunnyside are nearly planar.
depositionzl envivonnents indicated by the scdinontary
‘ructures in the Biackhavi rocks at Sunpyside are dcgoper

Rorjag . .
itic, shallow neritic, littorzl, beach, lagoon-svanp, and

-
)

tal plain (fig. 28).
Dez2per reritic deposits are characterized by darkegrey,
“Tlonaceous mnudstones, siltstones, and very fine-grained

ads o .
tones, The sedirents are thinly and evenly laminatecq,
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Figure 28, lodel of prograding narine beach environos

g ent,
(A) PBarrier beoch builds offshore cn gently slg-;-.
flooyr, Toruiig lagoon and ter:dinating grosth of r:‘j;w
beach, Swaup forns along coast, ’

(B) Barrier bsach prograde
sand from upland. Lazoon
which buries fovaer beoch pro

d with addition of

(C) Subsidence hinzianz vear shore fvundoics horch o

art of svatpe. MNew baryicr bozeh ballds in shrllios
P

vater, logoon fills, and old sveanp cgaln sprands L.

wvord., (lodified frcn Younz, 1866, ». 18,)

eavar
s and is covered by sy
i
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leie indicator, Loxd casis and ball-andepiliow stiracitures
2 found in the siltstonss and sandstoiies where they overlie
rudistone, Treced toward the paleoshoreline; scediments of

this environment contain progressively increasing spounts o7

n

-

fad
“

Rocks of the shallow neritic envircnnent couprise mos

o}

‘andstone; with lenses and stringers of grey siltistore, The
fedineats are thinly bodded, with prominent unidirectional,
10W~angle, tangential foreset crossbedding. A large trace
fos5i1 fauna is found in this group of sedinents. Ophionor-

P22, Thalassinoides, Cylindrichnus, Teichichnus, Gyrochorte,

L 3 1 ') ‘
fdlichnites and Arenicolites 2all occur here, and are grouped

“CCording to the amount of rud and carbonaceous debris in the

tavironment, Yhere much fine sedinent and organic debris was

&3ent during deposition Oohigmornha is small, there is a
b ?

s e

f=

}?"'7 : '
“&€ population of horizontally orieated Cylindrichnus and
“%Socinted heliceid furnels, Tcichichnus is also associated




wicrorpha burross bozeonie larvger and thicker walled to resis
R CISUL DN PR S A mE gAY T rpmate 3 R P
Loy ocurronis ylindrichnus burrowrs are vertically oricuted,

irdicating cn atteupt by the animnl to escape to & more foavow

[ a4 M N .- ' o
#Wle environniznt, Cyrocusrie and are Lore NUN2rcus
. o el e P T PR | - -
in arzas of well sovited sand BSRES: VoS CLTRY,

The bewch eunvironuent is prezcervad os thichibeddod, well
rorted sardzione, Thess rocks contsin very little silt~ an
¢lavesize naterial, Particle sizo ranges fren vevy finw- to
Yine-grainsd sand, and the rocks are mostly quartz saudstone

tlth carbonmate cement, Ophiomorpha burrows are at maxinum

fize (2 to 4 cnm dizmeter), and Areuicolites burrows are com-

o v

o>
°

Rods  Tracks and trails on bedding planes are abundan

tonzon throughout. The sorting éﬂd foreset crosshadding are
Interpreted to be the result of revorking and'deposition oy
tdal currents, Body fessils of organisms are unknown fron
?Gdiments in this zone, Logs, leaves and other plant debris
. &re cdmmon, but poorly preserved, Bédding i¢ thicker at the
tep of the unit than at the bottoa, and grain siza2 increanses

- Xpy . . :
‘,v:ard, Current and oscililation ripplemarks are coimon in

. -
t?ca
<

*S°€ sediments. Tops of the beach beds are planar, indicate
LI
*LS suba rial prads 5 t1 o weand int
aerial pradation as the sand was swept into tho sea

ing
¥as reworked by the waves (Spiekar, 19403, p. 64), The

e
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-ictone burds forn tonzues eastvnrd, with each higuer toagus
~ahinz fovihor esovward (£ig, 29).  Whose sondstond tongues

Y¢ out into the 820 &3 suceessive scounulintions of sand
oz, 36480, pe 62). The sands wore furnished to the en~
.ot by stveacs (Hole snd Ven Do Graaf, 1884, p. 135),
cousictent eanivord divection of transport roxnal te {the
«voveline indicates en abscnce oF lonzshove currents during
Tafter sodiventotion, Staddionsfilled scouvs in sande-

tave been dissolved 17 thoy were deoposited under conditions
in which their chemical conponents were unsiable (hp A

168Ca, p, 1¢)., The nixing throuzh channelways may account for

the cccurrence of marine foriis such as Ophiomorpha and Ave-

hicolites in sediments stratigraphically above the bzach
A . s L]
Lerosits, YBleached" zone3s of beoch-deposited sandstones were

Caused by 1leach ron by waters fro:nt the overlying

(B
-~
G
Q
L
-
o}
)
1=

Swanp (Spieker, 1949, p. 64; Younz, 1955, p. 178),

The coal-bearing sequance atove the sandstonz units was
formed benind the beach in & lagoon-ciaup~salt marsh environ-
“ent,  The coal swamp existed immediately behind the beach,
fallaY

“ was characterized by low, small plents; large plant

- :
‘lece . ;
¥18Ces in the coal are rare, Sm2ll pieces of plants and



Figure 29, Diagraiswatic cross-sections illustrating : ;
cessive deposition of narire; nonmcrine and mixed” Bty
eavironnent sediments in zhe Sunnyecicde area, Follgp,
these events, a short period of further ren:ession“v
fo]loved by ‘a rarsne tx‘nfarc351on, a“d the seevargw

Prlbcnard, 1«00, P 103)
Stage 1. Strandline stabilized (subsidence in ecuiys

rium with scdimentation) at A, resulting in depczisy..
sand bench A, :

Stege 2. Slight incrcasze in sedivent supply, in rels:
to subajdence, caused strandline to shift seavard 1o
and staebilize once again, resulting in depositicn of

bench B,

Stege 4, Sizeable deerszase in rats of subslde . n
relation to sedirentation, couvsad sirondlins (o )
rapidly to D, leaving relatively thin sand sccild

its wake, Str andline once again stabilized at
rzsultirg in depositicn of bznch D,



jo 7




1 -1 -~ B - P S A~ o e N N ~ 2y =3 g
te-o5 end blsdzs of gjf?bb“llgxc pLouts gre ¢ ST R TN ¢ 3 v E kg cTo)
-

- LR RPN P 3 R e § e S B
itz coni, 1T Cor) coninil e s pdunny yriie and ninow
s e

[ e U I I ¥ gt .o
CoUnaeh Soariiznt G 05LwO

cicrid in the scuvez arcie A legoou with Jocal soit narah
Jitiensm enisied Joese lardravd of the conl &viiipe This e
vivonient is chriracteriuscd by land T LARSsive uudstongs
vith local thin Joenses of cavtondecouws siltstone. Pyeite in
irese nudstones end silistonss veathzrs to give joiat £il-

lings of gypsum (selenite). Rocks of the lagoon cnvironnant
contain abundant large horizontal burrowrs. These trace oS«
§ils are most ccowon at the interince b2

overlying sandy, carbonaceous silistonc, Subsidence of the

¢ )
o

ion for the thick lo-

wvith sodinenta

(m
(

tasin progressed zna

<

t
Eo0n21 seguzuce to have besn deposited. Brodsky (1950, p. 58)

w

»

Postulates thot a rise in the water table in the swamp would
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four port cycloths basal morine shale, overlzin in tuvrn
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by litioral marvine sno mndstone, lazoonzl denoslis and conl o
the top (1957, p. 1765).

In sumnary, the Blackhowk }ovmdtLOH at Sunnyside was

o

Ciposited on the shel? of 2 slovly subsiding marine basin 2s
£ geavard-prozrading scquence of successively shallower water
Ye2osits, culninating upward in terrestirial deposits of the
'SP part of tho Sunnyside leubzr. According to Spieker

(19493, p. 65), the interpretation ocutlined above is the only
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clronan coptying into a cen (Fiz, 30),
N - om0 < Y- 2 Aci gy e 2 e oy - [ W SO
Tne nearly unidivecitiounl sedinent tr2udport I8 one oY¥ tno

o

gtrongest lines of evidence for this interpretation, Neurly

k! iy .o - e 2 13 s LR JRNE ) A Yoo .. .
11 dndicstors of traniport dircction ivdicote dzpositleon to
A —~ P ) ~ ot 3 s.02 . i a0 Lot ~ T T Tt~ niy
the east-~scoutnoast, & dirvectios novial to tho sherceline, The
. ~ o . e Y2 e . R I S N
lsw=onglad foreset crossibzdding, tengoatinl 2t the base and

i

(licKeo, 1965, p. B1)., Grain size ond sorting
tenzrally increcse upwyard in sendsione seguonces, indicatiug
Suscessively sitronger currents in ench depesitional) envivons-
tent, trong unidirectional currents, nornal to the shove-
lire ave typical of fluviatile«marine'environments, and tho
2lluvial sand bodies that form in these enviromients are
elongate devmdip in the direction of transport (Potter, 1067,

.t -

ur

P. 345), In contrast, curvents inpinzing upon a banch con

Lo
)

line fron offshore ave seldon divrected morimal o the szuwe;
linz; these currents flow onto the shore at an angle, and
€%b noriml to the shore, rezulting in an cverall lonzshore
drift,

Van Straaten ( “”O) id Potter (1957) sumvaarized the

N
pe?

C ~ - . .
haructefxstics of deltaic sedinents. Aunong the character-

Is43pnc s ; . .
tics o7 deltaic sand bedies that are sinilar to those
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observeod in the Blackhavwk Fermation at Sunnysidza arce these:
detrital origin; abundant carbtonaceous dabris; petregraphi-
célly moderately mature; detrital plus chemical cenents;
faunal content low to absent (probably because of high rate
of deposition-=Van Straaten, p. 426); poor to noderate sorte
ing; abundant silt in the fine~end tail; tendency to peor
rounding; asymmeirical ripplemarks and abundant well oriented
cross—-bedding, coronly unimodal; gradaticonzal lower boundary
and sharp upper surface; lenticular bedding with erosional
scour; tracks and trails couzon; larger channel-fill sand-
stones tend to bz cocarser grainsd than snaller bodies;
- channel~fill sandstones are usually courser grained than the
sands into which they are scoured; elongate downdip; excellent
correlation of internal dircctional structures and clonzation;
associated silty shales; coal beds common; nmultistory verti~
cally and multilaterai horizontally (comprising multiple beds);
abundant foots, leaves and stems of plants. There is no abso-
lute evidence of the location of the wedge-edge of the
Sunnyside and Kenilworth sandstones, but Hale and Van De Graaf
(1964, p. 125) indicate that the Blackhawk sandstones thin ang
pinch cut northward into the Uinta Basin, It is reasorable
to assunz that the Sunnyside and Kenilworth Membars do the
sane.

The céal and carbonaceous nudstone and shale are postu-

lated to have forined in marshes and swanps., Colenan and

-
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Gagliano (1965, p. 146) define narshes as

eee lOw tracts of pericdically inundated land sup-

perting non-wocdy gerasses, rezds, and rushes,., The

narsh surface approxinates mean high tide lsvel,

There is.,.abundaant piaut life,

Swamps, according to the same authors {p. 148).
eeoconstitute low, flat areas pericdically covercd

with water and supporting a cover of woody vegeta-

tion with or without shrub undergrowth,. ...best

developad in fresh basins of the upper delta,

The sandy, carbonaceous, 1rregu1ar siltstone immediately
below the coal beds at Sunnyside is very similar in form and
content to subacrial levees that form between channels and
marshes in deltaic envirouuents (Colemzn énd Gagliano, 1265,
p. 145). Such detrital bodies contain: abundant carbonace~
ous debris; wavye-laminzted badding; intemnsive. burrowing
activity; abundant roostmarks; occasional forric and calcareous
nodules as the result of weathering. The subject siltstore
contains all thesec features, ©Splits in the coal bads TFosried
as the result of spillovers of fine silt and very fine sand
from the main channel,

Channel-~fill sandstones in the uppey part of the coal-
bearing sequencess at Sunnyside are postulated to have fornmed
as fluvial sedimentation occurred in meandering distributary
channels {fig. 31)., Trough-set crossbedding built up as
depositional sequences in the direction ¢f scour in the
meanders.

In svmrary, the Blockhawk Formation was deposited in a

deltaic seguence that prograded generally southeastward

o
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throughout Blackhawlr time in east-central Utah., The scguence
began with deposition of the Panther Tongue of the Star Point
Formation in what is now tﬁe Wasatch Plateau (Howard, 1286Db,
p. 23-30). The deltaic framewerk persisted, and prograded
seaward in response to sediment supply from the west. The
environnent at Sunnyside at. any specific point in time com-
prised the prodelta, delta plain complex, 2nd coastal plain,
Subaerial erosion of the area took place beiore deposition of
the Castlesate Formation ended the fluviomzrine succession.

Stratigraphic data on a mnore regional basis are nceded
to accurately reconstruct the processes on and along the
entirce deltaic plain, The interpretation presented here is
fhe simplest possible to explain the observed stratigraphic
data in the Sunayside area,

The author supports the deltaic plain environment iater~
pretation for the origin of Blackhawk rocks at Sunnyside.
Observed stratigraphic data correlate better with examples
from knovn deltaic plain environments than with examples fron

prograding tcach environments,




ENGINBEEING AND ECONOMIC
GEOLOGY

Cozl mine bu.ps are sudden, catastrophle raleascs of
stress in the "Sbs-roof or flooy of 2 cool mina, DBunps cause
1nach propoerty danwre (fig. 32) and vorlk loss, as vwell as loss
¢i lite. Suvanyside mines lonz have bszen loci for violent
bunps (Clark, 1923, p. 32; Osterwald and Eggletion, 19582 De
i4), Coal niue buups are partly the result of vertical prese
sure cnn the cozl from the overbvurdan, The total stress on a
roint in space in & coal bad is a reflection of the surfaca

topography and the thicknz2ss of the overburden; for a point
undeirr a high ridge, one of the principal coapressive stresses
is dirvected vertically, znd the lesser conponents of conpres-—
Sive sirvess outline the adjacent toyography. Tensile stvess
is directed horizontally away from the point tovszard an area
of lezs conpression, in an attcapt toward stress eguilibrium,
In nines, the avea of least coapression is the void created
by the renoval of coal when driving an entry. MNuch stress,

therefore, concentivates around the eantry, and most stress is

at large angles to the axis of the euntry.

109
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Figure 34, Diagramnztic scetiens shoving deformation around
mine workings in Sunanyside 1o, 1 mine. Dizagonally line
arcas are hollow, (ledified from Osterwald, 19581,

p. C352.) :

(A) Roo? synecline (s) and floor anticline (a) develope
where coal slips along argilliaceous roof? hut adheres to
coarse~grained 1rocks in the floor.

(B) Bulged and buckled ribs where coal adheres to roo?
and floor.
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Figvre 55. Large horizontal burrows in roof rock, coriented at

a smzll angie to the lorg axis of entry; Coluubis line,
Utoh, This nine is approximoately tvo miles south of
Sunnyside, and is developed in the Sunnyside co2l bod,
Photo tuken after a bumnp~related roof failure at inter-
section of workings. Timbers, lover right, are 6 in,
dizmeter. (ano by Fo W, Ostervsalid,)
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have a bzarins upon the amount of stress that builds up in
the coal secm, Where the preferred long direction of the
sedimentary structures is parailel to, or at a small angle to
the direction of the long axis of the mine entry, these
structures hinder movenent of coal past recck at the inter-
lithologic interface, and cause the friction batween the
bodies to bz greater. In areas where the dominant long
direction of structures is normal to, or at a large angle to
the long axis of the entry, these structures form no barrier
to movement, and may actually aid movement by trapping and
forming conduits for such interformational and intraforma-
tional fluids as mnight be present in the rocks.

Experiments with British coals (Evans and Pomeroy, 1966,
p. 179) show that wetting the interface bstween coal and a
steel plate decreases the coefficient of friction by a factor
of 0.7. Soaking of the coal reduced its compressive strength
by 5 percent for a low volatile coal and by 20 to 25 percent
for high volatile coal (op. cit., p. 182). The modulus of
elasticity of coal dacreases with wetting by 7 to 10 pércento
Evans and Poumeroy (p. 183) conclude that the overall effect
of water 1s to reduce the frictiom of coal; a woter layer,
possibly adsorbed on the mating surfaces of a plane of
weakness, reduccs the stress at the interface and so lowers
the friction.,

Because the Sunnyside mines are dry, no such fluids wore

observed in this study,
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b, 11
, Tinz- to madiviegrained,; very carbos
: ith coalified vwoody dabyis througne
inth castinzs comon on 1C°’ and
ions of carbtou. adding extrencly
Poorly soxrted, silty, clayvey,
Suanyside Mezbew
Sunnyside Shilo Gz
Covored intervale-stiringers and lenses of:
sandstone, very fine-grainad, hard, iron-
stainod, ¢1ga;eoua, very caroonacedus,
irre"u]ﬂxly badded; dizz in colluvium show
nudstond; Carionneeousd, dark grey emomesnmmannas 32

Sandstoiie, light-grey to nediuviiegrey, fine- to
ned1LAmﬂ“'!vea, Poorly sorted, calcareous,
carbonaceous, VWeathoes very light-grey;

crosg-laminae dip nosily southeast in sets

to 1.5 ft thick, tang ntial at base; thin,

irregularly bedded, silty, with labyrinth

castings and large horizontal burrowS—==-moeacwes 16

Covered, colluviun slopz. Digs at intervals
ShO” nudstone, very darlk~grey, very czirbona-
ceous, nodular; siltstonz stringers throuzhout;
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The only tody fooxils found in the crez by the author occur

The Tevnna coupsisas sanll, thin-cholled poovly presseved nol-
luscs that were ideativied by We A. Cobban of the U, Se.
colozicel Survey (written commuvnieation, 1983) &s:

Ostrea s

Ancniia

——— e s

Brachidoutes sp.

Corbula sp,
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overlyinz coal seans and are known as "fingers in the rcof% by
Diners, fTroce fossils are rave in the argillaccous beds,

Many of the sedimentary rocks in the Blackhawk Fornaticon
at Sunnyside are calcarecus; most of these effervesce actlvely
in cold dilute hydrochloric ncid, indicating that the calcave-
Cus material is calcit The carborate has been poétulated to
& weathering product of pwrimary dolomite by Sabins, who
Tecognized dolouite rhombs in the Blackhawk sandsiones fron

the Wasateh Piatean (1862, p. 1194). Doicnite may be the



«Yected horizons {tob

o, v it mny result fron feldosphr degeneration in the
5, in which calciun cC ne3 with carboon dioxide derived

The Kenilworth Meaber is the lowest stratigraphic unit
¢ the Blochhavl: Foraation et Surnyside. The meaber was na
ird was defined by Youug (3$55, p. 184) to consist of

eee & massive, cliff--forming, basal sz udsLOuv, an

overlyinzg erios of coal=hznring rocks, and the

offshore bar sandstones bzhind which they were
dzpusited,

Younz's definition derives from lithology, topcgraphic
tipression and inference of origin, Detailed field investi-
#ttions by the author show, furtheriiore, that the basal unit
of Young's defined Kenilworth is the upper bed of an orderly
&rd succession of interbadded siltstone and sandstone,
“inbedded sandstone, and thickbadded sandstonz, All these
"¢ author here propnses thot the bease of the Kenilvorth

h‘:f}b‘:. ~
¢r be placad at the base of the sandstone sequence (Tig,

23) - :
’« It is further proposed by thz author that the Kenil-
K \}:“'
th Nenmber be divided into QEEEEIrmmz=wE the Kenilvworth

<

“wStone (lower) and Kenilworth Shale {upper).

AN

Ciente varying anounts of dolemite in rocks fyon
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Ve . . . .
its Coubine to make up a mappable uvnit of similar lithology.
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der diffraction data from selected rocks of
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the Blackhawk Formation at Sunnyside, Utah,
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is interbedded sandstone, light-grey-yellow to
yellcw-orange, very fine-grained, silty,
slightly very finely carbonaceous, calcarcous,
thinbedded and slabby. Interbeds increase in
number upward to rnake single bed 9 ft thick at
45 ft. Covered above, digs show mudstone as

DD OV Qe e i o e o e s st rr e 2 e e e €2 e e . A e S S e o e b o

{enilworth Sandstone scoBE=aRENEs

Sandstone, light-grey-~yellow, very fine- to

fine~-grained, poorly sorted, calcareous,
silty, clayey, carbonaceous. EBurrovwed and
mottlied throughout. Ophiomorpha of varying
sizes very common, Plural curving tubes,
Arenicolites, smooth tubes abundant. Honey-
conb weathering. Badding poorly presecrved,
thick To very thick, massive, ledge former.
"Whitecap"” base at 30 ft, ¢ £t thick, fine-
to mediuwm~grained, very lighit-grey, poorly
sorted, noncalcareous, peorous, very permeable,
Sandstone above whitecap is extensively chan-
neled, ripple cross-laminated, with very few
large fossils. Top of unit is very fine~ to

mediuvm~-grained; very poorly sorted, siltye=—w—m=—-

Mudstone, medium-grey, £ilty, clayey, with silt-

stone stringers throughout. Unit mostly

COV Y BUmm s e e e e o v o e £ e

Sandstone, light-grey-yellow, very fine- to

fine-grained. Unit has nassive appearance.
Grain size increases upward, thinbedded to
laminated, flaggy to slabby split. Calcare-
ous, few fossils, cross-lamination proninent.
Megaripples, emplitude 4-6 in.; length 3-4

ft. Strike of crests N 40 E. Some units of
thinly laminated, ripple cross-lamination
vith channels on top of unit. Channel axes
strike S 85 E, Transport direction S 45-50 E,
Crests of cscillation ripples on channel base
strike N 40 E, Clay galls very common, es-
pecially in channels~—wrecrcuecccncvnrccr e mwnc e

Sandstcne, light-grey-yellow, very fine-grained,

very calcareous, mostly quartz, high grain-to-
matrix ratio. Well sorted, cartonaceous only

on depositional suriaces. Somz more carbona-

ceous; thinner beds irterbedded, giving
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Interbesdded sandstcne and black, carbonzceous
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