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WESTERN INTERIOR MISSISSIPPIAN LITHOSOMES: A PROBRESS REPORT
By William J. Sando
Abstract

A lithosome is "a vertically and horizontally segregated body of
sedimentary rock, characterized by its lithic content and inferred genetic
significance, which mutually intertongues with one or more bodies of
differing lithic constitution" (Sando, 1998). Lithosomes are useful for
describing regionally significant variations in depositional environments
derived mainly from detailed studies of stratigraphic sections. Although
mentioned in the North American SBtratigraphic Code, lithosomes are not part
of the formal nomenclatural hierarchy, which is based on geologic mapping.
They offer a convenient way to overcome difficulties posed by using mapping
units to describe regional depositional history, withaut compromising the
integrity and stability of geologic mapping.

This paper is a progress report on a comprehensive revision of
Mississippian stratigraphy in the Western Interior region of the United
States using the lithosome concept. It describes the operational procedure
being used, and presents both a preliminary chronometric lithofacies
profile and palcogeographic maps for the northern part of the Western
Interior basin., BSome examples of clarifications of stratigraphic relations
by lithosome analysis are discussed.

INTRODUCTION

My current project work is concerned with analyzing the depositional
history of Mississippian rocks in the Western Interior states of Arizona,
California, Coloradoe, Idaho, Montana, Nevada, Nebraska, New Maexico, North
Dakota, South Dakota, Utah, and Wyoming. This analysis will contribute
important information on changes in Mississippian sea level and climate
within the Western Interior basin, and these environmental changes can then
be placed in a global event framework. In the following discussion, some
new terms are used for paleotectonic features in order to distinguish
crustal structure elements from superimposed depositional elements.

During Mississippian time, the Western Interior region of the UBA was
part of an extensive epicontinental marine basin located at the western
margin of the North American protocontinent, which marked the junction of
two colliding crustal plates (Fig. 1), The eastward-moving oczanic plate
west of the continental margin was characterized by clastic and
volcaniclastic sedimentation. The western edge of the protocontinent was
marked by the Antler upwarp (new term=Antler uplift of previous authors),
where Late Devonian plate collision produced a mountainous island chain
that became a source of terrigenous detritus during Mississippian time,
Plate collision also produced the Antler downwarp (new term=Antler foreland
basin of previous authors) east of the Antler upwarp; this area was the
site of terrigenous and carbonate sedimentation during the Mississippian.

A broad cratonic platform (Western Interior platfaorm, new term) east of the
Antler downwarp also was a locus for Mississippian sedimentation. The
platform was characterized by shelf carbonate deposition during most of
Mississippian time, but also received terrigenous sediments that
accumulated in cratonic depressions (Big Snowy-Williston depression,
Wyoming depression, Uinta depression) formed



in the Lata Mississippian., The Western Interior platform was bounded an
the east by the Transcontinental arch, which was a highland area that
contributed terrigenous detritus to the Western Interior basin throughout
the Mississippian,

Current stratigraphic and paleogeographic syntheses of the Western
Interior Mississippian (Gutschick and others, 1980; Sandberg and others,
1982; Poole and Sandberg, 1991) are based on biostratigraphic and
lithostratigraphic correlations of local, formal stratigraphic units
defined mainly by geoclogic mapping., The latest such synthesis (Poole and
Sandberg, 1991}, an admirable step forward built mainly on conodont
correlations, did not present detailed stratigraphic profiles across the
entire Western Interior basin, and derived palengeographic maps for only a
tew selected tine slices.

Boals of my current study are to present a unified stratigraphic
classification that reflects regionally significant bodies of sedimentary
rock and to construct detailed chropometric lithofacies profiles across and
along the depositional strike of the entire basin. Biostratigraphic
correlations of the rock units are made by means of a composite biozonation
based on foraminifers, corals, and conodonts. After a stratigraphic
framework is compiled for the entire basin, this framework will be used to
derive a series of detailed paleogeographic maps at close-spaced time
slices through the entire Mississippian interval. Interpretation of the
geologic history revealed by the time-slice sequence will provide a basis
for classifying depositional models and for identifying local events that
.may have global significance. Such an approach should pernmit
differentiation of effects of global eustatic events, local and regional
sea floor subsidence, and local and regional uplift,

Data currently being evaluated consist of approximately 1,000
biostratigraphically- and lithostratigraphically-calibrated control points
gleaned from nearly 40 years of ariginal stratigraphic research and a large
volume of published research by other investigators. This report describes
the operational procedure of the study and presents some preliminary
results.

APPLICATION OF LITHOSOME CONCEPT TO WESTERN INTERIOR MISSISSIPPIAN
STRATIGRAPHY

The basic unit used for lithostratigraphic analysis in this study is
the lithosome, which is defined as "a vertically and horizontally
segregated body of sedimentary rock, characterized by its lithic content
. and inferred genetic significance, which mutually intertongues with ona or
more bodies of differing lithic constitution” (Sando, 1998, p. EI).
Lithosomes, although not a part of the formal stratigraphic hierarchy, are
specifically provided for by the North American Stratigraphic Code (Narth
American Commission on Stratigraphic Nomenclature, 1983, p. 838-831), A
lithosome name is derived by contracting the geographic name of the formal
stratigraphic unit that is most typical of the lithosome and printing the
name in capital letters (Sando, 1998). THe reference section for a
lithosome may be the type section of a formal stratigaphic unit, or it may
be a more representative locality discovered during later regional
studies. New lithosomes may be created for units not previously recegnized
in the farmal stratigraphic hierarchy., The history of the lithosome
concept and reasaons for using the concept for regional



stratigraphic analysis are discussed by Sando (199@), which presents an
example of its use in the Mississippian of Utah.

Lithosomes emphasize lithologic similarities and differences that are
thought to represent regionally significant variations in depositional
environments and are derived mainly from detailed studies of stratigraphic
sections., Lithosomes are not intended to supplant farmal stratigraphic
units that emphasize local and regional lithic variations useful for
geologic mapping and that are defined mainly by mapping studies.

OPERATIONAL PROCEDURE

Definition and recognition of lithosomes depends on four~dimensional
regiaonal stratigraphic analysis., Lithic units are established by field and
laboratory study of each stratigraphic section. Chronometric units are
established by means of a 25-zone composite biozonation for the Western
Interior Mississippian (Fig., 2) from fossile collected during study of
stratigraphic sections. Field data on variation in lithology, thickness,
and stratigraphic position are combined with laboratory data on succession
of faunal zones in a data sheet for each stratigraphic sectiaon contraol
point (Fig, 3), Lithosome boundaries are identified, and environmental
parameters are inferred from both lithic and biotic data.

Control points are plotted on state base maps (1:1,000,080) for primary
locations. After selection of control points for chronometric lithofacies
profiles, selected control points are transferred to a base map for the
.entire study area (Fig. 4), The example presented shows some preliminary
profile locations for the northern part of the Western Interior basin,

Chronometric lithofacies profiles are compiled from data sheets for
each control point (Fig. 5). The example presented shows one of the
profiles located on Figure 4. The vertical dimension of the profile is
time, measured both biometrically and radiometrically, and the horizontal
dimension is distance along the profile transect. Some preliminary
time-slice positions are indicated at the right side of the profile.
Preliminary lithosomes are defined and labelled, and their gross
lithologies are indicated by means of patterns in the example.

Paleogeographic maps (Fig. &) are produced by compiling geographic
positions of lithosome boundaries for each selected time slice on a base
map containing all the profiles. Locations of boundaries in areas outside
of the profiles are determined from other control points. The example
shows the distribution of preliminary lithosomes and regionally significant
environments for five time slices in Idaho, Montana, and 4yoming, based on
chronometric lithofacies profile D-C (Fig. 5} and numerous other control
points (not shown), Note that each lithosome (see Table 2 for preliminary
data) is defined so as to represent 3 regionally significant depositional
environment or environmental complex., Some of the lithosomes are confined
to the area of the example, but others extend into adjacent areas; their
precise geographic limits will not be known until the entire Western
Interior basin is examined by the methods described above.

% LITHDSOMES VS, FORMAL STRATIGRAPHIC UNITS

This brief report would be incomplete without giving saome examples of
how lithosomes facilitate regional stratigraphic analysis. The following



examples are taken from the chronostratigraphic lithofacies profile
illustrated herein (Fig. 3).

COCANUS

The COCANUS lithosome (Fig., 5) is an exact equivalent of the shale and
siltstone facies of the upper tongue of the Cottonwood Canyon Member of the
Madison Limestone in Wyoming and the Lodgepole Limestone in Montana and
Wyoming., This rock unit, which ranges from a few centimeters to
approximately B m thick, was regarded as a part of the underlying Three
Forks Formation (Upper Devonian) on geologic maps published prior to its
formal recognition by Sandberg and Klapper (1967). In fact, the entire
Cottonwood Canyon Member (maximum thickness about 23 m), which includes
subordinate stratigraphic units of both Early Mississippian and Late
Devonian age, was included in the Three Forks before Sandberg (1963)
described the complex relationships of its component lithic units by
detailed studies of the lithology and conodont zonation of this
stratigraphic interval, which was much too thin to map at conventional
mapping scales. The recognition of these thin units permitted detailed
description of the history of the earliest Mississippian transgression in
the Western Interior basin (Sandberg and Klapper (1967).

The unmappability of the Cottonwood Canyon and its components delayed
their acceptance as formal stratigraphic units and cast a shadow on their
geoclogical significance., Tradition was a barrier to separating them from

—the Three Forks Formation and classifying them as a part of the succeeding
Madison Limestone. A cumbersome hierarchy of formation, member, tongues,
and facies had to be devised in order to fit these important lithic units
into the formal stratigraphic classification, Beologic mapping derived
little or no benefit from the revision because the boundary originally used
to differentiate mapping units remained the best choice for future mapping
studies,

Recognition of COCANUS as a distinct lithosome places emphasis on its
importance for analyzing regional depositional history and frees it fronm
the cumbersome formal hierarchy that tends to belittle its importance.
Geologic mapping is unaffected by this approach because lithosomes are not
part of the formal stratigraphic nomenclature and do not have to be
recognized on geologic maps.

SCOTT, RAILCAN, AND SURCAN

Four formations (in ascending order) make up most of the thick Upper
Mississippian sequence mapped extensively in the Lost River and Lemhi
Ranges of south-central Idaho (in astending order): Scott Peak Formation
{carbonates about 780 m thick), South Creek Formation (shale and carbonate
about 125 m thick), Surrett Canyon Formation {(carbonate about 380 a thick),
and Arco Hills Formation (shale and carbonate about 125 m thick) (Skipp and
others, 197%a). Another formation, the Railroad Canyon Foramation (shale

. and carbonate about 260 m thick), has been mapped above the Scott Peak in
the Beaverhead Mountains near the ldaho-Montana boundary (Ruppel and Lopez,
1988). In the Tendny Range of southwestern Montana, W. J. Perry, Jdr.
(written commun,, 1987) mapped Scott Peak, South Creek, and Surrett Canyon
Formations in his Medicine Lodge thrust shest,

Wardlaw and Pecora (1983) proposed a new nomenclature for Upper
Mississippian rocks previocusly called Big Snowy Group ‘in southwestern



Montana, and this new tlassification included the Lombard Limestone, a
formation that was correlated with the Railroad Canyon Formation., W. J.
Perry, Jr. (written commun., 1987, and in Perry and .others, 1989) mapped
tha Lombard Limestone in his McKenzie thrust system and Four Eyes Canyon
thrust sheet in the Tendoy Range and in his Snowcrest-Breenhorn thrust
system northeast of the Tendoy Range. Wardlaw (1985, fig. 3) showed the
temporal relationships of Upper Mississippian formations in southwestern
Montana and south-central Idaho based on conodont distributions.

Skipp and others (1979a, p. AA21-22) correctly interpreted the main
depositional geometry of the Scott Peak, Surrett Canyon, and South Creek
Formations in ldaho as representing "carbonate-bank and forebank deposits”,
and Wardlaw (1985, fig. 3) refined these paleogeographic concepts.

However, the constructions of these authors suffered somewhat from
obfuscation of the unity of the South Creek and Arco Hills with the
Railroad Canyon, the lower part of the Loabard with the Scott Peak, and the
upper part of the Lombard with the Surrett Canyon, because they had to deal
with formational units implying different environmental facies in different
areas and did not consider the entire area in which the same lithic facies
were develaped.

A lithosome approach to the depositional geometry (Fig. 5, sections
36-44) clarifies the depositional relationships. In this construction,
ECOTT=Scott Peak+lower part of Lombard, RAILCAN=Railroad Canyon+South
Creek+Arco Hills, and SURCAN=Surrett Canyon+upper part of Lombard., A
time-slice paleogeographic map based on the lithosome equations (Fig. &,
.Time slice 1&) shows SCOTT as an extensive shelf-carbonate production area
and SURCAN and RAILCAN as allochthonous deposits in a deep basin adjacent
to the shelf, Preliminary paleogeographic studies indicate that the SCOTT
shelf extended southward from British Columbia (upper part of Wt. Head
Formation) across Idaho to the Idaho-Utah line.

CONCLUSIDNS

The foregoing examples deal with only a few of the many lithosone
equations anticipated as results of complete regional analysis. Although
some lithosomes not previously recognized in the existing formal
stratigraphic classification will be discovered in the process, the net
result will be a reduction in the number of lithic units. This procedure
will provide a hetter basis for understanding the history of Mississippian
sedimentation in the Western Interior basin.
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TABLE 1, Geographic locations and references for control points on
chronometric lithofacies profile D-C (Fig. ).
CONTROL
NUMBER LOCATION REFERENCES
34 Big Wood River area, T. 2 N., R. 19 E., Skipp &% others (1979a)
Blaine Co., Idaho
35 Pioneer Mountaine, T. ! N., R. 22 E., Skipp & Hall (1975);
Blaine Co., Idaha Skipp % others (1979a)
36 Cabin Creek, 7. & N., R, 22 E., Custer Skipp (1961a, b)),
Co., Idaho Skipp & Mamet (1970},
Skipp % others (1979a)
37 Hawley Mountain, T, 9 N,, R 26 E., Mamet & others (1971),
Butte Co., Idaho Skipp & others (1979a)
38 Bell Mountain, T. it N., R, 27 E., Huh (1947, 1948)
Lephi Co., Idaho ‘
37 Copper Mountain, T, 10 N., R. 38 E., Huh (1947, 1968), Skipp
Clark Co., Idaho % others (1979a)
40 Railroad Canyon, 7. 17 N.,, R. 27 E., Wardlaw % Pecora
Lemhi Co., Idaho (1985), Skipp & others
(1979a)
4t Lake Canyon, T. 12 8., R, 12 W., Huh (1987, 1948)
Beaverhead Co., Montana
42 Bell Canyon & Bell-McKenzie Divide, Sando & others (19835)
T, 1t 8., R, 10 W., Beaverhead Co., Wardlaw & Pscora (1983)
Montana
43 Blacktail Mountains, T. 9 & 18 S., Sloss & Moritz (1951),
R. 8 W., Beaverhead Ca., Montana Wardlaw & Pecora
(1985), Huh (1947,
19468), Paecora (1981
44 Baldy Mountain (Arasta Creek), T. 7 §., Sando % Dutro (1980),
R. 3 W., Madison Co., Montana Wardlaw & Pecora (198%5)
43 Squaw Creek, T. 4 S§., R. &4 E., Ballatin Sando (field notes)
Co., Montana
L Sacajawea Peak, T. 2 N., R. & E., Sando & others (1973),
Ballatin Co., Montana Gutschick % others
{1980@)
44 Delpine, T. 9 N., R, 1B E., Meagher Bardner % others
Co., Montana (1944), Easton (1942),
Maughan % Roberts
. (1947), Sando & others
(1973)
47 Btonshouse Canyon, T. 1{ N., R. 20 & 21 Ditto
E., Bolden Valley Co., Montana
43 Ralph Lowe Sandquist #1 well, T. 156 N., Petersan (1984)
R. 36 E., Garfield Co., Montana
49 Pan American NPRR well, T. 17 E, R, 43 E., Peterson (1934)
McCone Co., Montana
3e Shell NPRR #1 Richey well, T. 23 N., Sando (1942, 1978),
R. 5@ E., Dawson Co., Montana Sando % Mamet (1981)
at Texaco #1 L. J. Hyde well, T. 134 N., Peterson (1984)

R. 98 W., Williams Co., North Dakota
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TABLE 2,
FORMAL AND INFORMAL
LITHOSOME EQUIVALENTS IN STUDY AREA
ALAB Rlaska Bench Limestone
BAKKUP Upper black shale unit of Bakken
Farmation
BIGAO Big Guose Member of Madison
Linestone
BLUM Bluebird Mountain Farmation
BULL Bull Ridge Member of Madison
Limestone, Sun River Dolomite,
and equivalent beds in Mission
Canyon Limestone and Charles
Formation
COCANUS Shale and siltstone facies of
. of upper tongue of Cottonwood
Member of Madison Limestone and
. Lodgepole Limestone
CONRAN Conover Ranch Farmation
COPBAS Copper Basin Formation
DAR Darwin Sandstone Member of Amsden
Formation
DELPH Delle Phosphatic Member of
Woodman Formation, Chainman
Shale, Deep Creek Formation,
Deseret Limestone, Little Flat
Farmation, Aspen Range
Formation, and Brazer Dolomite
EVAPLOD Lower solution zone of Madison
Limestone and equivalent beds
in Mission Canyon Limestone
and Charles Formation
EVAPUP Upper solution zone of Madison
Limestone and equivalent beds
in Mission Canyon Limestone
and Charles Formation
HEAT Heath Formation
HORSE Horseshoe Shale Membar of Amsden
Farmation
KIBB Kibbey Formation
LIBIG Little Bighorn Member of Madison
Limestone
MCGOY McGowan Cresk Formation
MCKAN McKenzie Canyon Limestone
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DATA ON PRELIMINARY LITHOSOMES SHOWN IN FIGURES I AND 6.

TENTATIVE REFERENCE SECTION

Contraol Number 47 (Table 1)
Mobil Kennedy well F-32-24-F
{NDGS core 4@7), Dunn Lo.,
ND (Holland % others, 1987,

fig. 2)

Little Tongue River, Sheridan
Co., WY (Sando, 1982, p.
H128)

Ballagher Peak, Clark Co.,

ID (Skipp % others, 1979b,
p. 42-51)

Bull Lake Creek, Fremecnt Co.,

WY (Sando, 1548)

Clarks Fork Canyon, Park Co.,
WY (Sandberg, 19463; Sandberg
& Klapper, 1947, p. B20-B21)

Control Number 43 (Table 1)

Control Number 33 (Table 1)

Darwin Peak, Teton Co., Wy
(Blackwelder, 1918; Sando %
others, 1975)

South Lakeside Mountains,
Tooele Co., UT (Sandberg &
Butschick, 1984)

Little Tongue River, Sheridan
Co., WY (8anda, 1976b)

Ditto

Control Number 47 (Table 1)
Livingston Ranch, Framant
Co., WY (8ando & othars,
1375)
Control Number 47 (Table 1}
Little Tongue River, Sheridan
Co., WY (Sando, 1982)
McGowan Creek, Custer Co.,
ID (Sandbarg, 1973)
Control Number 43 (Tabie 1)



LITHOSOME

FORMAL AND INFORMAL
EQUIVALENTS IN STUDY AREA

MIDCAN

MISCAN

oTT
FAINLO

PAINUP

GuAD
RAILCAN

RANCH
SALT

8COTT

SNAKAN
SURCAN

TYLE
woopo

Middle Canyon Farmation and
equivalent beds in Allan
Mountain Limestone

Mission Canyon Limestone ,
Castle Reef Dolomite, and
Little Tongue Member of
Madison Limestone

Qtter Formation

Basal crinoidal limestone of
Paine Member of Lodgepole
Limestone and squivalent beds
in Allan Mountain Limestone

Limestone above basal crinoidal
beds of Paine Member of
l.odgepcle Limestone and
equivalent beds in Allan
Mountain Limestone

Quadrant Sandstone, Wells
Formation, and Tensleep
Bandstone

Railroad Canyon Formation,
Arco Hills Formation, South
Creek Formation

Ranchester Limestone Member of
Amsden Formation

Upper salt unit of Charles
Formation

Scott Peak Formation, lower part
of Lombard Limestone, and
equivalent beds in Monroe
Canyon Limestone and Aspen
Range Formation

S8naky Canyon Formation

Surrett Canyon Formation, upper
part of Lombard Limestone, and
equivalent beds in Manroe
Canyaon Limestone and Aspen
Range Formation .

Tyler Formation -

Woodhurst Member of Lodgepole
Limestone and Madison
Limestone and equivalent bads
in Allan Mountain Limestone
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TENTATIVE REFERENCE SECTION

Control Number 37 (Table 1)

Monarch-U.S. B89, Cascade Coc.,
MT (Sando & Dutro, 1974, 2.
8)

Control Number 47 (Table 1)

Dry Fork, Cascade Co., MT
(Sando & Dutro, 1974, p.
14)

12~

Ory Fork, Cascade Co., MT
(Sando & Dutrp, 1974, p.
12-16)

Big Sheep Canyon, Beaverhead
Co., MT (Saperstone &
Eldridge, 1984)

Railroad Canyon, Lemhki Co.,
1D (Wardlaw & Pecora, 1985,
p. B7)

Amsden Creek, Sheridan Co.,
WY (Sando % others, 1975)

Control Number 58 (Table 1)

Control Number 37 (Tabhle 1)

Gallagher Peak, Clark Co.,
ID (Skipp & others, 1979b)
Control Number 37 (Table 1}

Control Number 47 (Table 1)

Dry Fork, Cascade Co., HT
(Sando & Dutro, 1974, p.
12-14)





















