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ABSTRACT

Study of lowermost deposits of the Virgilian Series (upper Pennsylvanian)
in Leavenworth, Wyandotte, and Douglas Counties, northeastern Kansas,
indicates localized development of sediment classed as belonging to the Ton-
ganoxie sandstone member of the Stranger formation, which is the lowermost
subdivision of the Douglas group in this region. The Tonganoxie rests dis-
conformably on eroded upper Missourian strata consisting of evenly bedded
shales and limestones.

The Tonganoxie sandstone mainly occupies and fills a wide, shallow, south-
west-trending valley carved in the pre-Virgilian rocks. This valley, named
Tonganoxie Valley, has a maximum width of nearly 20 miles and depth of 90
to 100 feet.

Four types of deposits are recognized in the Tonganoxie sandstone: (a)
basal conglomerate, (b) sandstone, (c) shale, and (d) coal. The lithologic
characters are stratigraphic relations of each of these types are described and
interpreted. The filling of the Tonganoxie Valley is judged to have been ac-
complished by a southwest-flowing low-gradient river, named Tonganoxie
River. In part, erosion and deposition in this area are concluded to have been
contemporaneous.
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INTRODUCTION

The purpose of this report is to show the origin, environment of
deposition, and stratigraphic relations of the Tonganoxie sandstone
in northeastern Kansas. The results of detailed sedimental and
stratigraphic studies bearing on these problems are presented.

The Tonganoxie sandstone is the basal unit of the Upper Penn-
sylvanian Virgilian Series in parts of eastern Kansas. In the area
studied, it consists mainly of a basal sandstone, overlain by shale
and a thin coal bed. Evidence of several sorts, outlined in this paper,
indicates that in country adjacent to the Missouri River, this sand-
stone was deposited in a broad river valley, some 14 to 20 miles
wide, which extended southwestward from northwestern Missouri
across northeastern Kansas. The sandstone is nonmarine and of
fluviatile origin. Also, it is judged that the river which deposited
the sand and associated finer sediments was very nearly at grade.
The name Tonganoxie River is proposed for this Pennsylvanian
river and the name Tonganoxie Valley is assigned to the valley in
which sediment belonging to the Tonganoxie sandstone of this area
was deposited. These names are used in the report.

A regional disconformity occurs at the base of the Virgilian
Series throughout Kansas. The Tonganoxie Valley, 80 to 95 feet
deep, was formed by erosion of the underlying Pedee and Lansing
groups of late Missourian age. North and south of Tonganoxie
Valley, the disconformity intersects formations of the Pedee group,
whereas in the Tonganoxie Valley, it cuts deeply into units of the
Lansing group.

LocAaTiON OF THE AREA

Strata assigned to the Tonganoxie sandstone member of the
Stranger formation, Douglas group, crop out in northeastern Kan-
sas in a belt 0.25 to 14 miles wide, extending from northeastern
Leavenworth County to southern Douglas County (Pl 1). This
area lies within Ts. 8 to 14 S. and Rs. 19 to 23 E. The towns of Lea-
venworth and Vinland approximately define the northern and
southern limits of the area included in this study. Other towns in
the area are Basehor, Hodge, and Tonganoxie.
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Origin and Environment of the Tonganoxie Sandstone 109
METHOD OF STUDY

The months of June and July 1949 and various subsequent
week-ends up to May 1950 were spent in Douglas, Leavenworth,
and Wyandotte Counties examining available outcrops of the Ton-
ganoxie sandstone. Topographic maps and aerial photographs were
used for mapping. Collected samples were analyzed in the labora-
tory, using size analysis, heavy mineral separation, thin sections,
and insoluble residues. Studies with binocular and petrographic
microscopes were made where necessary. Well logs and other sub-
surface data were examined in an attempt to extend this study be-
yond the area of outerop.

ToPOGRAPHY OF THE AREA

The bedrocks of northeastern Kansas, including the Tonga-
noxie sandstone area, comprise alternating sandstone, shale, and
limestone of Pennsylvanian age. These beds dip slightly north of
west, approximately 25 feet to the mile. Elevations above sea level
range from 750 feet along Missouri River, at the east margin of the
area studied, to 1,100 feet on the upland at the west margin of the
area. Erosion has produced a series of cuestas whose east-facing
fronts trend northeastward. The outcrop area is bounded at the
west by a conspicuous escarpment capped by the Oread limestone.
This formation rises 75 to 150 feet above the lowland east of it,
which is underlain by rocks of the Douglas group. Erosion of the
Oread escarpment has produced outliers which make prominent
hills in the area. Blue Mound, in Douglas County, and Jarbalo
Mound, in Leavenworth County, are excellent examples (Pl 1).
Throughout the area, the Haskell limestone member of the Stran-
ger formation forms local low escarpments and outliers. These rise
10 to 30 feet above adjacent areas which are underlain by the shales
and sandstones of the Stranger formation. Along Missouri River,
various members of the Stanton limestone form small low east-
facing escarpments. On the dip-slope plains between the Oread and
Haskell escarpments and between the Haskell and Stanton escarp-
ments, the Ireland and Tonganxoie sandstones have been eroded
into low moundlike hills. Where pre-Ireland erosion has cut into
the Tonganoxie sandstone and the Ireland sandstone is in contact
with sandstone beds of the Tonganoxie, larger hills occur, reflecting
increased thickness of sandstone. This condition exists south and
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west of Lansing in Leavenworth County. Glacial till has somewhat
masked the escarpments in the northern part of the area.
Missouri River on the north and east and Kansas River on the
south control drainage of the area. In the past, critical relief has
been such that stream drainage reached grade and flood plains de-
veloped, while interfluve areas remained broad, flat, and relatively
undissected. Rejuvenation has brought about minor intrenchment
of all drainage. Missouri and Kansas Rivers and their main tribu-
taries now seem to have adjusted themselves and are near or at
grade, but minar tributaries still are undergoing adjustments.
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STRATIGRAPHY

Pennsylvanian strata in the northeastern Kansas area studied
consist of upper Missourian rocks belonging to the Lansing and
Pedee groups and lower Virgilian units assigned to the Douglas
group (Table 1). The Douglas group is separated from beds of the
underlying Missourian Series by a widespread disconformity. De-
tailed studies were confined to the Tonganoxie sandstone, the basal
member of the Stranger formation of the Douglas group. Except for
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Origin and Environment of the Tonganoxie Sandstone 111

TaBLE 1. Sequence of upper Pennsylvanian rocks in eastern Kansas

Pennsylvanian System
Virgilian Series

Wabaunsee group

Shawnee group

Douglas group

Lawrence shale

Amazonia limestone
Ireland sandstone

Local disconformity-

Stranger formation
Robbins shale
Haskell limestone
Vinland shale
Westphalia limestone
Tonganoxie sandstone

Regional disconformity

Missourian Series
Pedee group
Iatan limestone’
Weston shale’
Lansing group
Stanton limestone
South Bend limestone’
Rock Lake shale’
Stoner limestone'
Eudora shale’
Captain Creek limestone

! Locally absent as result of post-Missourian pre-Virgilian erosion.

the Tonganoxie sandstone, the following summary is compiled
from Moore (1949). Minor changes which apply to the area under
discussion have been made.

MISSOURIAN SERIES

Various strata of the Lansing and Pedee groups of the Mis-
sourian Series underlie the Tonganoxie sandstone throughout the
area. Knowledge of these strata is necessary in order to understand
their relationship to Tonganoxie deposition. The stratigrpahic
units are discussed in ascending order.
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LANSING GROUP
Stanton limestone

Captain Creek limestone member.—The Captain Creek lime-
stone is the oldest unit cut by the erosion surface on which the Ton-
ganoxie sandstone rests. The Captain Creek limestone is composed
of gray to dark-gray massive and evenly bedded limestone. The in-
dividual beds are more than 8 inches thick. In most exposures, the
limestone has prominent vertical joints. Enteletes pugnoides New-
ell is abundant in northeastern Kansas and a robust fusulinid, Tri-
ticites neglectus Newell, occurs commonly on the bedding planes.
Along Kansas River, the member ranges from 4.5 to 5.5 feet in
thickness.

Eudora shale member.—The Captain Creek limestone is over-
lain by the Eudora shale. The lower part is black and fissile, but the
upper part is light gray or greenish gray in most places. This black
shale is an excellent stratigraphic marker. Megascopic fossils are
rare in the Eudora shale of northeastern Kansas. The Eudora shale
averages 6 feet in thickness.

Stoner limestone member.—This limestone overlies the Eudora
shale and is light bluish gray to nearly white; it weathers very light
gray or creamy white. Beds of the Stoner limestone weather into
thin wavy layers with thin shale partings, although on freshly
quarried surfaces it has an appearance somewhat like that of the
Captain Creek limestone. To the north it contains abundant Triti-
cites of the T. irregularis type. In uneroded sections this member
is 11 to 15 feet thick.

Rock Lake shale member.—This shale overlies the Stoner lime-
stone. The lower part is gray to greenish-gray clay shale, but in
places it contains very thin silty calcareous partings. Some beds
display prominent ripple marks. The upper Rock Lake shale is
very sandy in places and locally grades into cross-bedded siltstone
or sandstone. Marine fossils distinguish this sandy phase from the
Tonganoxie sandstone in places where pre-Tonganoxie erosion has
removed the South Bend limestone. Locally, this member contains
remains of land plants, reptile bones, fish, and marine inverte-
brates. The thickness ranges from 5 to 10 feet.

South Bend limestone member.—The South Bend limestone is
the uppermost member of the Stanton limestone. It lies conform-
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Origin and Environment of the Tonganoxie Sandstone 113

ably upon the Rock Lake shale and conformably beneath the Wes-
ton shale. It is a dark-gray to blue fine-grained limestone which
occurs in beds more than 3 inches thick. The brachiopod Meekella
striatocostata (Cox) and a fusulinid similar to Triticites moorei
Dunbar and Condra are the most common fossils. The thickness is
2 to 3 feet.

PEDEE GROUP

The Pedee group consists of the Weston shale, below, and the
Iatan limestone, above. This group conformably overlies the upper
beds of the Lansing group and disconformably underlies beds of
the Douglas group. Throughout much of Platte County, Missouri,
and in the Kansas River Valley, the disconformity cuts out the Pe-
dee group and extends downward into the Stanton limestone. Iatan
limestone is present only locally to the north and south of these
areas. Lower Douglas beds occupy the stratigraphic position of the
Weston shale and Iatan limestone where the latter are missing.

Weston shale

The Weston shale includes strata between the top of the Stanton
limestone and base of the Iatan limestone. Where the Iatan is miss-
ing, the top of the Weston shale is in contact with lower beds of the
Douglas group.

The Weston deposits consist mostly of rather uniform dark-
blue to bluish-gray marine shale containing several zones of sub-
cylindrical ironstone concretions which lie parallel to the bedding
planes. The thickness of the Weston shale is about 55 feet at Beverly
Junction, Missouri, and about 70 feet at Vinland, Kansas. Post-Mis-
sourian erosion has removed most of the Weston shale in the inter-
vening area.

Iatan limestone

The Iatan limestone overlies the Weston shale conformably and
is overlain disconformably by basal deposits of the Douglas group.
In the vicinity of Leavenworth, the limestone is light bluish gray
to white, both on fresh and weathered surfaces. The bedding is
somewhat uneven and indistinct, imparting a massive appearance.
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Brachiopods, bryozoans, and crinoid fragments are the most com-
mon fossils.

Northeast of Vinland, in Douglas County, it seems that pro-
longed exposure during early Virgilian time greatly altered the ap-
pearance of the Iatan limestone. Here the Iatan is 0.5 to 3 feet thick
and is weathered blue gray, light brown, or brown to reddish
brown. Incrustations, dense nodules, and thin platy beds, separated
by what seems to be residual material, are evidence of solution and
downward movement of calcium carbonate which has been rede-
posited at lower levels. The appearance of the Iatan points to de-
velopment of a soil during part of early Virgilian time, prior to
deposition of the overlying beds.

VIRGILIAN SERIES
DOUGLAS GROUP

The rocks of the Douglas group are divided into two forma-
tions: the Stranger (lower) and the Lawrence (upper).

Stranger formation

The Stranger formation consists of nonmarine and marine beds
of the lower part of the Douglas group, extending upward to the
disconformity at the base of the Lawrence formation. In north-
eastern Kansas, the top of the Haskell is defined as the upper boun-
dary of the Stranger formation, because the Robbins shale mem-
ber (uppermost Stranger of some areas) commonly is absent or
cannot be identified there.

Tonganoxie sandstone member.—The Tonganoxie sandstone
includes all strata from the disconformity at the base of the Stran-
ger formation upward to the top of the Upper Sibley coal or the
base of the Westphalia limestone member. It consists of a thin basal
conglomerate, a sandstone, a shale, and at the top, a coal (Upper
Sibley coal). Since the character and origin of the Tonganoxie
member are the subject of this paper, this part of the Stranger for-
mation will be discussed in detail subsequently. The Tonganoxie
member ranges in thickness from 4 to 100 feet in the northeastern
Kansas area.

Westphalia limestone member.—In northeastern Kansas, a car-
bonaceous laminated dark-blue limestone has been identified ten-
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tatively as equivalent to the Westphalia limestone of southern
Kansas. This dark-blue limestone is widespread throughout the
area, occurring 3 to 4 inches above the top of the Upper Sibley coal.
A calcareous zone marks its position where the limestone is not
well developed. The limestone contains abundant small gastropods
and ostracodes in northern Leavenworth County. Ostracodes are
the only invertebrate fossils found in this bed in Douglas County,
but plant remains are common almost everywhere.

The Westphalia limestone of southern Kansas is characterized
by the presence of abundant fusulinids. Faunally and lithologic-
ally, the dark-blue limestone occurring persistently next above the
Tonganoxie sandstone in northeastern Kansas seems to be a brack-
ish water deposit. Because it occupies the same stratigraphic posi-
tion as the type Westphalia limestone, the dark-blue limestone is
reasonably interpreted as the near-shore equivalent of the off-shore
fusulinid-bearing Westphalia limestone of southern areas. The gas-
tropods found in the presumed Westphalia of Leavenworth and ad-
jacent counties may be fresh-water forms. In the areas where the
Upper Sibley coal is poorly developed, the bed identified as West-
phalia limestone makes an excellent stratigraphic marker for de-
fining the top of the Tonganoxie sandstone member. The West-
phalia in northeastern Kansas ranges from 0.3 to 1 foot in thickness.

Vinland shale member.—This shale conformably, and in some
places disconformably, overlies the Upper Sibley coal and the
Westphalia limestone. It contains variable thicknesses of clayey to
sandy shale and sandstone. Except locally, the Vinland deposits are
entirely marine. The shale is blue gray and light brown. The sand-
stone and siltstone beds are light brown to brown. Near the town
of Tonganoxie, along U. S. Highway 40 (SE cor.sec. 2, T.11 S, R.
21 E.), and 2.5 miles south of Lawrence (Cen. E. line sec. 25, T. 13
S, R.19 E)), the Vinland contains silty and massive sandstones up
to 12 feet thick, which occur in the top part of the member. In other
places where these silts and sandstones occur at the base of the Vin-
land shale, the underlying Upper Sibley coal and Westphalia lime-
stone commonly are missing. Excellent plant fossils, but no inver-
tebrates, were found in the lower sandstone zones. The upper sand-
stone and shale grade into the overlying marine Haskell limestone.

-'The thickness of the Vinland shale in northeastern Kansas ranges
from 7 to 25 feet.
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Haskell limestone member.—The Haskell member is a very
persistent limestone which lies conformably on the Vinland shale
member. The lower beds of the Haskell are sandy and contain
abundant pelecypods. In northeastern Kansas, there are local thin
coquinoidal beds composed of fragments of brachiopods, pelecy-
pods, and crinoids. At some places fusulinids are abundant. The
main part of the Haskell is a bluish-gray blocky fine-grained lime-
stonie. The Haskell is 2 to 4 feet thick at most outcrops.

Robbins shale member—Throughout most of Leavenworth
and Douglas Counties, the Ireland sandstone rests directly on the
Haskell limestone or on older strata, but south of Lawrence, near
Baldwin, the Ireland sandstone rests on the Robbins shale. Here,
the Robbins shale is a gray argillaceous silty shale which contains
a zone of ellipsoidal phosphatic concretions at the base. These con-
cretions contain ammonoid cephalopods and fish brain casts. Near
Baldwin, the Robbins shale is 1 to 5 feet thick, but southward it
thickens to 100 feet. *

Lawrence formation

The Lawrence formation includes strata from the top of the
Haskell limestone to the base of the Oread formation. The discon-
formity at the base of the Ireland sandstone member marks the
lower boundary of the Lawrence formation. Where the Robbins
shale is absent or not recognized, and the Ireland seemingly rests
conformably upon the Haskell limestone, the top of the Haskell
limestone is designated as the base of the Lawrence formation.

Ireland sandstone member.—The disconformity at the base of
the Ireland sandstone locally cuts through the Robbins shale, Has-
kell limestone, and Vinland shale into the Tonganoxie sandstone.
Where the latter is thin, the disconformity at the base of the Ireland
may cut through the Tonganoxie into the Weston shale or the
Stanton limestone. The Ireland sandstone is light to reddish brown,
typically containing disseminated iron compounds, which impart
a speckled appearance upon weathering. The sandstones are thin-
bedded to massive and in places cross-bedded. Where the Ireland
rests on deeply eroded Haskell limestone, the sand is cemented by
calcium carbonate. Heavy minerals are common throughout the
Ireland sandstone. The thickness of the Ireland sandstone ranges
from 3 to 80 feet in northeastern Kansas.
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Origin and Environment of the Tonganoxie Sandstone 117

Amazonia limestone member.—This limestone, which is found
elsewhere in the upper part of the Lawrence formation, is not re-
cognized in the Leavenworth and Douglas County area.

STUDY OF THE TONGANOXIE SANDSTONE

Previous WoRkK

Early workers (Bennett, 1896; Hall, 1896; Haworth, 1896), in
their sections across Kansas, described the basal sandstone of the
Lawrence shale as resting upon strata now classified as beds of the
Pedee group. Hinds and Greene (1915) described the basal sand-
stone as a wide channel fill, unconformably overlying various for-
mations now classed as parts of the Lansing and Pedee groups. A
study of the physical characteristics of the sandstone by Moore
(1931) indicated a flood-plain type of deposit. Patterson (1933)
compiled much information on the lithology and stratigraphic rela-
tions of the sandstone, known then as the Stranger sandstone and
as the basal member of the Stranger formation. The sandstone was
named Tonganoxie sandstone in 1934 (Moore, Elias, and Newell).
Moore (1936) summarized all information available in 1936 and
described lithology, stratigraphic relations, the pre-Tonganoxie
erosion surface, and a possible origin and environment of deposi-
tion of the Tonganoxie sandstone. Bowsher and Jewett (1943)
published results of studies on coal beds of the Stranger formation
and described many characteristics of the Tonganoxie sandstone.

GENERAL STATEMENT

The Tonganoxie sandstone represents the filling of a large
southwest-trending valley, here termed the Tonganoxie Valley, a
major feature of the regional disconformity which separates the
Pedee group or older beds (Missourian) from the overlying Doug-
las group (Virgilian). A generalized paleogeologic map of the floor
and sides of this Pennsylvanian valley is shown in Figure 1, and a
cross section of the valley is given in Figure 3. Both of these illus-
trations indicate the presence of late Missourian strata extending
along the floor and cides of the valley. This is determined from ob-
servations of the rocks which occur next below the Tonganoxie
sandstone in various places. The pattern shown by the strata was
formed by the cutting of the Tonganoxie Valley into the relatively
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Origin and Environment of the Tonganoxie Sandstone 119

Cretaceous) deposits which covered this region before develop-
ment of the present land surface. In the past, knowledge of the
stratigraphy and sedimentation of the Tonganoxie sandstone has
been retarded by the {ailure to recognize that the present outcrop
is approximately parallel to the old Tonganoxie Valley and is not
at right angles to the direction of the source of sediment.

The depth of erosion of the Tonganoxie Valley can be ascer-
tained in two ways; by compiling thicknesses of eroded formations
from measured sections in near-by areas, and by measuring the
maximum thickness of the Tonganoxie valley fill (Tonganoxie
sandstone). '

The thickness of stratigraphic units which were removed dur-
ing erosion of the Tonganoxie Valley are: Stoner limestone, 4 feet;
Rock Lake shale, 8 feet; South Bend limestone, 10 feet; Weston
shale, 60 feet; and Iatan limestone, 2 feet. Only in a few places has
erosion cut to the top of the Captain Creek limestone. These are
average thicknesses which add up to 84 feet; 90 feet is an approxi-
mate figure for the maximum depth of valley erosion.

No complete sections of the Tonganoxie sandstone are exposed
and the thickness, therefore, is determined from composite sec-
tions. Thicknesses of 85 feet for the sandstone unit and 20 feet for
the shale unit indicate 85 feet of valley fill. Due to numerous varia-
tions in the thickness of the conglomerate and the coal units and
variations in the depth of valley erosion, a maximum thickness of
80 to 100 feet of valley fill is a better estimate. On divides adjacent
to the valley, the Upger Sibley coal is found 3 to 10 feet above the
Iatan limestone. This indicates that the Tonganoxie sandstone filled
the entire valley and overlapped the divides slightly. The figures
of 80 to 100 feet of maximum valley fill and 80 to 95 feet of maxi-
mum valley erosion are comparable.

LiTHOLOGY OF THE TONGANOXIE SANDSTONE

The Tonganoxie sandstone contains four distinct lithologic
units, which (in ascending order) include conglomerate, sand-
stone, shale, and coal.

CONGLOMERATE UNIT

The constituents of the conglomerate unit are: (1) pebbles of
limestone, siltstone, and claystone; (2) reworked invertebrate
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fossils; (3) plant fragments; (4) quartz sand and silt; and (5) lim-
onite, clay calcite, and siderite cement.

Spaces around the pebbles are filled in by quartz sand and silt,
plant material, and shale. A few shale and sandstone partings occur
locally. Limonite, clay, calcite, and traces of siderite cement the
conglomerate into a hard mass.

The limestone, siltstone, and claystone pebbles range in dia-
meter from 5 to 50 mm, 20 mm being average. The limestone and
siltstone pebbles are well rounded and the claystone pebbles are
compressed. They are poorly sorted and show no clearly marked
orientation denoting currents which distributed them. Limestone
pebbles are light brown, gray, blue gray, dense, and fine-grained.
On weathered surfaces, iron oxides give a reddish color to the
pebbles. The siltstone pebbles, although well rounded, are slightly
elongated. This is due in part to derivation from thin-bedded silt-
stone layers and in part to a small amount of compaction. The silt-
stone pebbles show various shades of brown and red, due to stain-
ing by limonite and hematite.

The siltstone pebbles, together with the compressed claystone
pebbles, are identical in color and lithology to the associated silt-
stone and shale of the Tonganoxie sandstone. Their origin can be
attributed to reworking of beds of the Tonganoxie member, as dis-
cussed later.

Abundant plant fossils occur throughout the conglomerate,
seemingly at random, either as carbonized material, molds, or im-

TaBLe 2.—Representative analyses of the Tonganoxie sandstone

Percent sand Percent mica
Size by weight by volume

Festooned cross-bedded sandstone

050 -025 mm Trace large flakes
0.25 -0.125 mm 44.40 1.0

0.125 - 0.0625 mm 42.20 0.3
Below 0.0625 mm 13.40 Trace

Very fine siity sandstone (thin-bedded)

0.50 -0.25 mm 0.87 90.0
0.25 -0.125 mm 33.00 250 -
0.125 - 0.625 mm 22.60 20.0
Below 0.0625 mm 43.53 20.0
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prints. Some plant fragments are 4 feet long and have compressed
diameters of 5 inches.

The conglomerate unit occurs widely at the base of the Ton-
ganoxie sandstone, where it rests on various members of the Stan-
ton limestone and locally on the Weston shale. The thickest, best-
developed conglomerate occurs in the northeastern part of the Ton-
ganoxie Valley. A good outcrop can be seen along U.S. Highway 73,
0.5 mile north of Victory Junction, in southern Leavenworth
County. In many small areas, the conglomerate is missing, as might
be expected in a valley-fill type of deposit. Where the conglomerate
is absent, the sandstone unit of the Tonganoxie member rests di-
rectly on Missourian rocks.

SANDSTONE UNIT

Texture.—The sandstone unit comprises almost three-quarters
of the sediment of the Tonganoxie member. Colors generally range
from light to dark brown. Iron oxide occurs throughout as a stain
and as cementing material, imparting a variety of colors to the
sandstone. Mechanical analyses of two representative samples are
given in Table 2. The sand is composed largely of quartz grains
ranging in size from one-sixteenth to one-fourth mm. Grains more
than one-fourth mm in diameter are scarce and consist mostly of
mica flakes. From 10 to 40 percent of the sandstone consists of
quartz silt. The proportions of silt, very fine sand, and fine sand
vary both laterally and vertically. Muscovite is present through-
out. Results of sieve analyses, shown in Table 2, bear out the field
observation that as the proportion of larger size sand grains in-
creases, the amount of muscovite decreases; and, conversely, as the
proportion of larger size sand grains decreases, the amount of mus-
covite increases. Although not shown in Table 2, the muscovite
flakes having largest diameter occur among the coarser sands. This
relationship of amount and size of mica flakes to coarseness of the
sand reflects the competency of currents which transported the ma-
terial, and is there ore a significant feature of the sandstone. A con-
siderable amount of muscovite is present on the bedding planes of
the siltstones and imparts a lamellar appearance; carbonaceous
material produces the same effect in other siltstone beds.

Composition.—Quartz constitutes more than 95 percent of the
sand grains, which are angular to subangular. Binocular examina-
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tion and petrographic study of thin sections reveal that on many
grains angularity has been accentuated by secondary quartz
growth. Many such grains, exhibiting small crystal faces, have uni-
form extinction under crossed nicols.

Muscovite, clay, limonite, and a few grains of tourmaline com-
prise most of the remaining 5 percent of the detrital material. Small
amounts of chlorite occur, which probably represent minor
amounts of original biotite (L.ee and Payne, 1944, p. 90) . Muscovite
in sufficient quantity to form 25 percent of the detrital material oc-
curs in some beds. Argillaceous layers and the valley shale rem-
nants within the sandstone unit are composed largely of clay min-
erals. Light-brown interstitial clay is universally present, and
serves as a weak cement. Limonite occurs in small grains and as
cementing material. Tourmaline is rare; grains of this mineral were
found only after large quantities of Tonganoxie sediment had been
separated in bromoform. Plant material and ironstone concretions
occur in zones indiscriminantly distributed through the sandstone
unit. Where the basal conglomerate is absent and the sandstone
unit rests on limestones of the Stanton formation, the sandstone is
cemented by calcite and is gray rather than brown.

Stratification.—Deposition of the sandstone unit produced
three types of stratification: (1) festooned cross-bedded siltstone
and sandstone; (2) massive-bedded siltstone and sandstone; and
(3) thin-bedded argillaceous siltstone, sandstone, and silty shale.
The composition of these types is essentially identical, except for
the greater amount of fine material in the thin-bedded type.

Festooned cross-bedding was first described by Knight (1929)
in the Fountain and Casper formations of Wyoming. It consists of
numerous cut and fill structures, each cut being an elongate trough
which is closed at the upstream end and open at the downstream
end. The fill consists of oblique crescentic laminae which occupy
the trough from its head to downstream end, thus forming a nar-
row elongate cross-laminated lens. In the Casper formation and
also in the Tonganoxie sandstone, such cross-bedded lenses occur
in nested groups, each lens truncating the subjacent and adjacent
lenses, and in turn truncated by the superjacent lenses. The over-
all appearance is that of a nested group of cut and fill structures.
The Tonganoxie beds exhibiting festooned stratification rest on
eroded members of the Stanton limestone. The festooned cross-
bedding of the Tonganoxie sandstone is not as well developed and
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is on a smaller scale than that described by Knight. The oblique
laminae are shorter, and presumably owing to weaker current ac-
tion during Tonganoxie sedimentation, large cut and fill structures,
which Knight interpreted as marine cross-bedding, did not develop.

The trough-shaped channels containing the oblique laminae are
as much as 20 feet long and are 6 to 8 feet wide. The laminae, which
are 0.5 to 3 inches thick, have dip angles of as much as 30 degrees.
Generally these laminae are 2 to 6 feet in length. All oblique lami-
nae are concave upward, truncated at the top, and tangent to the
base of the lens which they form. Many of the oblique laminae of
sandstone and siltstone alternate with thin micaceous and carbon-
aceous silty to shaly laminae.

Directions of dip of the cross-bedded oblique laminae range
from north through west to south. Since cross beds produced by
river currents generally dip downstream, the most commoen di-
rection of dip indicates the down-valley trend. This most common
dip direction of the Tonganoxie oblique laminae is west-south-
west to southwest. Therefore, the axis of the Tonganoxie Valley is
judged to have extended in this direction.

The massive-bedded type of stratification consists of siltstones
and sandstones which contain excellent examples of the sedimen-
tary phases described by Gilbert (1914). These are (1) thin beds
of the first phase of smooth traction, (2) cross beds of the first dune-
rippled phase, and (3) thin beds representing a return to first phase
smooth traction.

The massive-bedded stratification grades downward and later-
ally into festooned stratification and upward and laterally into the
thin-bedded type. An excellent example of massive bedding can be
seen along a creek in Douglas County, just north of the Cen. E. line
sec. 26, T.13S,,R.21E.

The thin-bedded type of stratification is best developed along
margins of the Tonganoxie Valley. Throughout the area, this type
occurs at the top of the sandstone unit and grades into the overly-
ing shale unit. This stratification is characterized by thinness of the
beds and their high content of mica and carbonaceous material.

Abnormally thick sections of shale, to 60 feet thick, occur lo-
cally in the Tonganoxie member. (Fig. 3, sec. C-C’, column 2). The
lower part of these shales grades laterally into the sandstone unit
of the Tonganoxie, but the upper part of the shales belongs to the
shale unit. Since the lower shales are stratigraphic equivalents of
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F16. 2—Diagrammatic cross section showing relation of Tonganoxie sandstone
to Tonganoxie Valley.

the sandstone unit and seem to have been deposited contempora-
neously with the sands of the sandstone unit, they are here termed
“valley shales.” These valley shales occur as isolated remnants in
the Tonganoxie Valley.

The valley shales are even-bedded, blue gray to dark blue, and
contain zones of ironstone concretions. Interbedded with the shales
are numerous thin siltstone and sandstone beds with well-devel-
oped ripple marks. Some thin coals ( Lower Sibley) are contained
in the valley shale.

The sandstone unit of the Tonganoxie thins from 65 feet in the
main channel area to 5 feet along the margin of the Tonganoxie
Valley. As shown in Figure 2. the {estooned cross-bedded and mas-
sive-bedded siltstones and sandstones occur in the lower and cen-
tral parts of the valley where the sandstone unit is thickest and
grade laterally and upward into the thin-bedded sandstone type
which characterizes the margins of the valley (Fig. 3, sec. C-C’).

SHALE UNIT

The shale unit of the Tonganoxie grades upward from and over-
lies sediments of the thin-bedded type throughout the Tonganoxie
Valley. It consists of two distinct phases, silty shale and clay shale.
The silty shale is highly micaceous and ranges in color from light
brown to dark red or brown. Fine carbonaceous material and fossil-
ized plant fragments are abundant throughout. No marine fossils
have been observed.

The clay shale is light bluish gray to dark blue and contains
minor amounts of mica. The shale is sticky to firm, and in many
zones fracture surfaces exhibit slickensides. The shale is even-
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bedded, individual layers reaching an inch in thickness. Bands of
hollow and solid ironstone concretions are common. Plant frag-
ments are especially abundant in shale beneath the thin coal beds
and in equivalent intervals where accumulation of plant material
was insufficient to form a coal bed.

The shale unit is commonly silty where it overlies the festooned
cross-bedded sandstone of the valley and where the lower part of
the overlying Vinland shale is sandy. The thickness of the shale
unit ranges from 10 to 25 feet.

COAL UNIT

The Upper Sibley coal is designated as the coal unit of the Ton-
ganoxie member. This coal bed is the uppermost stratum of the
Tonganoxie and can be correlated throughout the Tonganoxie Val-
ley. The Upper Sibley coal maintains a fairly constant stratigraphic
position across the valley from north of Leavenworth to Vinland,
in Douglas County (Pl. 1). Identification of the lateral continuity
is strengthened by the presence of the overlying dark-blue lime-
stone, which is correlated with the Westphalia limestone.

The Upper Sibley coal varies in thickness. At some places the
coal is represented by a thin shale containing plant fossils. Else-
where, the coal is a fairly pure bed which increases in thickness to
an observed maximum of 20 inches near the town of Tonganoxie.
The average thickness is about 8 inches. Stems, leaves, and trunks
are preserved either as molds or as,carbonized material; limbs and
trunks exhibit leaf scars and limb attachment marks. The plant
molds are found at the basal contact of the coal. Upper and lower
parts of the coal have shale partings but the central part is gener-
ally a well-developed coal, free from clay. No underclay has been
observed and roots or trunks were not observed in place. Ironstone
and rare calcareous and pyrite concretions occur widely under the
coal zone. The percolation of ground water through the coal has
somewhat altered the subjacent shale.

The upper part of the Upper Sibley coal grades through 3 to 4
inches of calcareous carbonaceous shale into a carbonaceous argil-
laceous laminated limestone which has been correlated with the
Westphalia limestone of southern Kansas (Moore, 1949). In north-
ern Leavenworth County, abundant small high-spired gastropods
occur in the gradational beds and in the lower part of the West-
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phalia limestone. Excellent impressions of tree trunks, limbs, and
leaves are preserved throughout the limestone. Where the Upper
Sibley coal is not identifiable or is absent, the base of the West-
phalia limestone can be used as the upper stratigraphic boundary
of the Tonganoxie sandstone.

Other bituminous coal beds occur below the Upper Sibley in
the shale and sandstone units of the Tonganoxie sandstone. In gen-
eral, these beds are thin and laterally not extensive. Except for the
Lower Sibley coal, correlation from area to area is difficult.

The Lower Sibley coal is contained in valley shales which are
lateral equivalents of the sandstone unit. Since these valley shales
are isolated remnants surrounded by sandstones of the sandstone
unit, correlation of the Lower Sibley coal is based on stratigraphic
position. Valley shales containing the Lower Sibley coal are ex-
posed on the Sumner farm in the NW cor. sec. 24, T. 11 S.,R. 21 E.
and at Blue Mound (Douglas County) on the S. line sec. 21, T. 13
S.,R.20E.

Within the sandstone unit, the thin coal beds are preserved
mostly in local lenticular remnants of valley shale, but such oc-
currences are not common. A thin local bed occurs north of Bonner
Springs at the Cen. S. line sec. 17, T. 11 S., R. 23 E. The stratigra-
phic relationship is shown on Figure 3 (column 5, sec. A-A’).

ReLarions oF THE TONGANOXIE SANDSTONE TO OVERLYING BEDS

Normally in northeastern Kansas, the Upper Sibley coal is
stratigraphically overlain by the Westphalia limestone, Vinland
shale. Haskell limestone, and Ireland sandstone. However, the Ire-
land sandstone in most localities rests disconformably on the Has-
kell limestone and older strata. Locally throughout the area, ero-
cion which is recorded by the disconformity reached the sandstone
unit of the Tonganoxie member: subsequent deposition of the Ire-
land resulted in a very thick section of sandstone. Therefore, an un-
derstanding of the relation of the Ireland and Tonganoxie sand-
«tones is important ‘o study of geology in the area.

Haworth (1894, p. 122) | in naming the Lawrence shale, miscor-
related the limestone now called Haskell with the Iatan limestone.
Hall (1896), Hawcrth (1896). and Hinds and Greene (1915) re-
coznized only one sandstone body in the section. Hall and Haworth
recoznized the shallow-+rater characteristics of the basal sandstone
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member of this sequence but did not observe the large stratigraphic
erosional surface cn which the sandstone was deposited. Later de-
tailed stratigraphic work by members of the State Geological Sur-
vey of Kansas revealed upper and lower sandstone bodies, resting
unconformably on older formations and in places one on the other.
The upper sandstone (above the Haskell limestone) was named
Ireland (Moore, 1932) and was classified as the basal member of
the Lawrence shale. The lower sandstone (below the Haskell lime-
stone and above the true Iatan), locally in contact with various
members of the Stanton limestone, was named Tonganoxie sand-
stone (Moore, Elias and Newell, 1934) and was regarded as the
basal member of the Stranger formation.

The Ireland sandstone rests disconformably upon the Stranger
formation in most localities. Lithologically, the Ireland sandstone
is indistinguishable from the basal member of the Stranger forma-
tion, the Tonganoxie sandstone. The Ireland generally is more red-
dish, owing to its higher iron oxide content, but this distinction
cannot be used over wide areas. In places, the pre-Ireland erosion
and the deposition of the Ireland sandstone directly on the sand-
stone unit of the Tonganoxie resulted in thick sections of sandstone
which have been mapped previously as Tonganoxie sandstone. Ex-
amples are in the vicinity of Hodge, Leavenworth County. Com-
bined sections of Ireland and Tonganoxie sandstone 100 to 150 feet
thick occur locally throughout the area. A few of these thick sand-
stone sections contain a conglomerate of siltstone and mud balls
cemented by clay and calcium carbonate. The conglomerate proh-
ably marks the contact between the two sandstone bodies. An ex-
cellent example of such a conglomerate is seen in an outcrop west
of the railroad track along the N. line sec. 36, T. 10 S.. R. 22 E. Well-
defined Ireland sandstone is found to the west of this outcrop, the
Haskell limestcne is absent. and the obviously greater abundance
of disseminated iron in the sandstone above the conglomerate in-
dicates that the conzlomerate prohably marks the contact hetween
the Ireland and Tonganoxie sandstones.

Laterally, the lower part of the Ireland sandstone may be found
at the same stratigraphic level as shales of the Tonganoxie sand-
stone memker and seems to grade into them. Failure to recognize
the upper sandstone as Ircland and the shales as Tonganoxie has
retarded understanding of the origin and environment of both the
Tonganoxie and Ireland sandstones.
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Field work has shown that in practically all sections where the
Haskell limestone is present, the Upper Sibley coal occurs 7 to 18
feet below its base. Where sandstone occupies this interval the Has-
kell limestone is absent. Absence of the Haskell limestone and the
Upper Sibley coal in near-by areas and the presence of sandstone at
the same stratigraphic horizon definitely identify the sandstone as
Ireland. This points to deep post-Haskell erosion prior to deposition
of Ireland sandstone.

SEDIMENTARY ORIGIN AND ENVIRONMENT OF THE TONGANOXIE
SANDSTONE

GENERAL STATEMENT

As shown in Figures 1 and 3, the Tonganoxie sandstone oc-
cupies a southwest-trending valley, 14 to 20 miles wide and 80 to
100 feet deep. The prevalent southwesterly dip of laminae in the
festooned cross-bedded sandstone indicates that the Tonganoxie
River flowed from northeast to southwest.

DISCONFORMITY

The regional disconformity at the base of the Virgilian Series,
of which the disconformity at the base of the Tonganoxie sandstone
is a part, denotes a time of widespread retreat of the Pennsylvanian
sea in the midcontinent region. Post-Missourian folding in the
southwestern part of the midcontinent suggests that the regional
disconformity was not due entirely to a eustatic change of sea level.
With retreat of the sea, erosion cut the Tonganoxie Valley and
produced the disconformity which coincides with the floor of the
valley.

Reconnaissance work north and south of the Tonganoxie Valley
has revealed no similar erosional valley. In these areas, the discon-
formity seemingly occurs in the midst of a shale sequence which
overlies the Iatan limestone and underlies or is part of the Vinland
shale. In localities where the Iatan limestone is absent, the discon-
formity is between the Weston shale and the overlying Vinland
shale.

While erosion, unaccompanied by local sedimentation, pro-
ceeded north and south of the Tonganoxie Valley, erosion and con-
current deposition took place in the valley. As thickness of sedi-
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ment in the Tonganoxie Valley increased and as the sea en-
croached, erosion of the valley ceased, but north and south of the
valley it continued. Accordingly, the part of the disconformity
- which is marked by the base of the Tonganoxie sandstone is not
precisely equivalent in time value to the disconformity elsewhere.
Also, the sediment which ultimately came to be deposited over the
divide areas north and south of the valley was laid down after the
Tonganoxie Valley had been filled. This indicates that in regional
correlation, the Tonganoxie sandstone is a little older than sedi-
ments overlying the disconformity in areas outside the valley.

TONGANOXIE VALLEY

The Tonganoxie Valley is interpreted as having been cut by a
basinward-flowing river which, owing to retreat of the sea, was
forced to cross an emerged sea bottom. Faunal and sedimental evi-
dence indicates that the Pennsylvanian seas were shallow. Conse-
quently, the initial dip of the sediments (dip of the profile of equi-
librium) was very gentle and small vertical changes in sea level
uncovered or submerged large areas. The gradients of rivers flow-
ing over such emerged sea bottoms evidently were low, but suffi-
cient to permit excavation of shallow valleys.

The ratio of 14 to 20 miles of valley width to 80 to 100 feet of
valley depth indicates that the Tonganoxie River was near grade
and that minor fluctuations in current velocity could result in
either erosion or deposition.

EROSION AND DEPOSITION IN THE TONGANOXIE VALLEY

Initial depaosition of the Tonganoxie sandstone is judged to have
been contemporaneous with erosion in the Tonganoxie Valley. (1)
The Tonganoxie Valley is very shallow compared to its width, in-
dicating that the river must have been close to grade and that
valley erosion was primarily lateral rather than downward. It is
probable that a river carving such a shallow wide valley would be
depositing at one place and eroding at another, all at the same time.
(2) The basal conglomerate seems to be of local origin (as dis-
cussed below). (3) Festooned cross-bedded sandstone occurs in
the areas of deepest erosion and inferred strongest currents, and
thin-bedded sandstones occur where erosion was least. (4) Valley
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shale deposits seemingly were contemporaneous with the sand-
stone unit.

Present large streams, which are near or at grade, are contin-
ually reworking their flood-plain and channel deposits. During
times of floods, valley widening and deepening take place in the
channel and deposition occurs on the flood plain. As the channel
shifts, sediment is removed from parts of the flood plain and rede-
posited elsewhere. Such valley sedimentation is contemporaneous
with valley erosion and does not represent deposition subsequent
to carving of the entire valley.

SOURCES OF SEDIMENT

The immediate sources of Tonganoxie sediments may be sought
in sandy and silty near-shore and alluvial facies of earlier Pennsyl-
vanian sediments to the east and north of the area, or in pre-Penn-
sylvanian terranes such as occur in the Ozark dome, Wisconsin
Highlands, or the Appalachian region.

The sandstones and siltstones of the Tonganoxie are composed
largely of angular quartz grains. Other detrital minerals are
scarce, except muscovite. No rounded frosted sand grains of the
St. Peter type have been observed. It seems probable that the Ton-
ganoxie siltstones and sandstones represent reworked micaceous
sediments of Pennsylvanian age which were exposed by the re-
treat of the sea and were transported westward from the upstream
parts of the Tonganoxie River system.
~ Most of the limestone pebbles are lithologically similar to the
Stanton.and Iatan limestones. This suggests that the pebbles were
derived from these formations, probably at places not far distant
from the deposits of conglomerate. The poor sorting of the pebbles
and the intermixture of pebbles with water-worn brachiopods,
crinoid fragments, and some fusulinids also indicate that the peb-
bles were of a local detritial origin.

Deposition of the conglomerate unit.—The cutting of the Ton-
ganoxie Valley indicates that during erosive periods the river ac-
quired a load from its channel to supplement the sand, silt, and
clay transported from farther east. The Tonganoxie Valley area
of northwestern Missouri and northeastern Kansas was underlain
by limestones and shales of the Missourian Series. Little sand or
silt was available for river load. Consequently, the traction load
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of the river was augmented by fragments of locally derived lime-
stone and shale. These fragments were seemingly too large for the
usual competency of the river; they were shifted from place to
place as the valley formed and were concentrated as the basal
conglomerate of the Tonganoxie sandstone.

Deposition of the sandstone unit.—The sediment of the Tonga-
noxie sandstone shows that the Tonganoxie River was transporting
fine micaceous sand, silt, and clay which were deposited in the
channel and on the flood plain of the Tonganoxie Valley. The main
channel area of the Tonganoxie Valley is shown by the location of
extensive deposits of festooned cross-bedded and massive-bedded
siltstones and sandstones. ’

To my knowledge, festooned cross-bedding has not been ob-
served in modern sediments or produced in the laboratory. 1t has
not been reported widely from the older sediments. Presumably,
it results from alternate cutting and filling of troughlike channels
by strong shifting currents.

Clay accumulated in the local lakes and swamps of the flood
plain while silt and sand were deposited in the channel areas. The
clay material became valley shales. The ripple-marked siltstone
and sandstone beds within the valley shales may represent times
of minor flooding when current action was strong. Some plant ma-
terial accumulated in the valley shale material, as is shown by the
presence of the Lower Sibley coal. Later channel migration failed
to remove the valley shale deposits and they remain as remnants
of formerly more extensive deposits surrounded by the festooned
cross-bedded and massive-bedded siltstones and sandstones of the
sandstone unit.

Deposition of the shale unit.—The gradual change in lithology
from the thin-bedded strata of the sandstone unit into the overly-
ing shale unit represents a change in depositional environment.
This change seems to reflect reduction of the river gradient and
slow encroachment of the sea from the west. Beds tentatively iden-
tified as brackish water in origin, overlain by marine strata, occur
widely above the Tonganoxie sandstone. This sequence of strata
is interpreted to represent progress toward marine conditions and
establishment of marine conditions in the area. The initiation of the
marine invasion was probably contemporaneous with deposition of
the shale and coal units and partly may have been responsible for
the reduction of river gradient.
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The association and litholozy of the shale unit suggest that de-
position took place in broad shallow lakes, swamps, and on the
partly inundated flood plain of the Tonganoxie Valley. The blue-
gray to dark-blue color of the iron-bearing shales indicates that the
water table was high and that the environment was primarily one
of reduction, rather than oxidation. The high content of carbona-
ceous material in the shales also suggests that reducing conditions
prevented complete oxidation of the organic matter. Iron was pre-
cipitated in the swamps and lakes, probably as iron carbonate,
forming ironstone concretions. Where colloidal clay was present,
clay ironstone beds formed.

No invertebrate fossils have been found in the shale unit. Al-
though the environment seems to denote reducing conditions, there
is no evidence of pyrite, marcasite, black shales, and other signs of

~ “foul bottom” conditions. If the shale unit had been deposited in a
marine environment, occurrence of marine invertebrates should
furnish proof.

Deposition of uppermost beds of the shale unit terminated
existence of the Tonganoxie Valley. The shale material filled the
valley and overlapped the divides (Fig. 3, sec. C-C’). Deposition of
the shale unit was followed by accumulation of the material of the
Upper Sibley coal over what had been the Tonganoxie Valley and
in small areas north and south of the divides.

Deposition of the coal unit.—Characteristics of the Upper Sib-
ley coal and associated sediments have been studied in order to
determine the origin and environment of deposition of the coal. The
following are significant features of the Upper Sibley coal.

1. The coal zone can be recognized within the Tonganoxie Val-
ley and on the marginal divide areas, but in many places the coal
is absent and a carbonaceous shale represents the zone.

2. Sections of the coal bed show no clay or silt in the middle
part.

3. Plant material, consisting of stems, limbs, trunks, and leaves,
was the parent material of the coal.

4. Plant remains are well preserved in subjacent and superja-
cent strata and show no signs of having been transported by cur-
rents.

5. Subjacent shales are well bedded but plant material is not
parallel to the bedding planes.

6. Subjacent shales are nonmarine.
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7. Underclay has not been observed.

8. Fossils, tentatively identified as fresh to brackish-water
forms, occur in overlying beds, but no definitely marine fossils have
been found.

9. Subjacent and superjacent strata grade into coal.

Bowsher and Jewett (1943, p. 38) suggest that coals of the
Stranger formation possibly may have been produced from detrital
plant material which accumulated in a marine littoral environ-
ment. Coals of such allochthonous origin would have to have been
brought into place by currents. Moore (1940) states that at least
15 to 20 feet of vegetable matter is required to furnish material for
8 to 12 inches of coal. If this is true, the average 8-inch thickness of
the Upper Sibley coal represents approximately 15 feet of vege-
table material. It seems to me that fluctuations in currents during
the time required for deposition of the 15 feet of vegetable material
at least occasionally would have brought in silts and clays. The
lack of interbedded silt or clay in the Upper Sibley coal suggests
that the coal is not detrital. The coal does grade upward and down-
ward into plant-bearing clay shale but the central part is free from
clay.

The leaves, stems, limbs, and trunks preserved in the Lower
and Upper Sibley coals, and in the subjacent and superjacent gra-
dational shales, show no signs of having been transported from
their place of growth. Fragile leaves and stems are preserved in-
tact. Bark with leaf and limb attachment scars is preserved on the
trunks. There is no abrasion or other evidence indicating their
transportation as detritus.

Physical similarities of the Upper Sibley coal to the Lower Sib-
ley coal also indicate a common origin. On the basis of its stratigra-
phic relations, the Lower Sibley coal seems definitely to be non-
marine. The Lower Sibley coal is preserved in valley shale rem-
nants which grade laterallv into definitely nonmarine beds of the
sandstone unit. and is overlain by the nonmarine shale unit of the
Tonganoxie sandstone.

I am of the opinion that the Lower and Upper Sibley coals are
of continental autochthonous origin. There is a possibility that
some of the very thin local beds in the sandstone and shale units
may have been derived from previously formed peat or coal beds
which were reworked and redeposited, but physical charactristics
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of the coal beds give the impression that original peat and plant
material which later formed the coal accumulated in situ.

Considering the Tonganoxie sandstone as a depositional unit,
the Upper Sibley coal seems an integral nonmarine member of a
depositional sequence or cycle. The sequence of nonmarine sand-
stone, followed by nonmarine shale, and finally by coal, indicates a
reduction of current action in the area and the final filling of the
Tonganoxie Valley by organic deposits. Marine sediment of the
overlying Vinland shale represents completion of marine flooding
and beginning of the marine part of a cyclothem.

ToNGANOXIE SANDSTONE AND CycLic DEPOSITION

The conditions of deposition of the Tonganoxie sandstone may
explain the absence of the nonmarine sand, shale, and coal units of
certain cyclothems in the Pennsylvanian sections in Kansas.

Upper Pennsylvanian cyclic deposition in Kansas primarily
expresses sea level fluctuations. Marine and nonmarine deposition
closely followed the shifting shore lines. During most of late
Pennsylvanian time in northeastern Kansas, the shore line was
farther east. Erosion has removed the eastern, dominantly non-
marine, facies of most of the Pennsylvanian cyclothems. These
missing facies contained the nonmarine units of cyclothems which
are represented by marine beds in Kansas. Deposition of the Ton-
ganoxie sandstone marked a time when the eastern nonmarine
facies extended well into Kansas. Successive stratigraphic sections
to the west should reveal that the Tonganoxie sandstone grades
into marine sediments. Where the equivalent of the Tonganoxie
sandstone is marine, a stratigraphic section would lack the non-
marine sand, shale, and coal units of a cyclothem.

Stratigraphic sections which include sediments of the Tonga-
noxie Valley and its overlying deposits contain the nonmarine
sandstone, shale, coal, and marine units of a cyclothem. Strati-
graphic sections outside the valley contain only the marine units
of this cyclothem, although uppermost parts of the nonmarine unit
may be present. Sections of the latter type may lead one to believe
that the nonmarine units should be found only farther east, where-
as actually, the nonmarine units are restricted to a near-by valley.
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ECONOMIC GEOLOGY

The Tonganoxie sandstone is the most important aquifer in the
area under discussion. Nearly all well water for stock and domestic
use is obtained from this sandstone. The town of Tonganoxie ob-
tains its water supply from this sandstone in wells east of the town.

The festooned cross-bedded and massive-bedded deposits in the
center of the old Tonganoxie Valley have greater porosity and
permeability than the thin-bedded sandstone near the old valley
margins. Wells drilled at short distances north or south of the old
Tonganoxie Valley encounter no Tonganoxie sandstone. In those
areas, the Ireland is the most important aquifer near the surface,
although locally it is absent also.

Porosity and permeability are best developed in the basal con-
glomerate, where ground water has dissolved parts of the lime-
stone pebbles and the calcium carbonate matrix. Ground water
moves freely along the contact where the conglomerate rests on
limestones of the Stanton formation. Poor wells completed above
the Upper Sibley coal or in the shale unit of the Tonganoxie sand-
stone could be improved by deepening to the conglomerate of the
Tonganoxie in order to take advantage of the greater porosity of
this zone. .

Care should be exercised in drilling wells in the upland areas
where thick sections of the Ireland and Tonganoxie sandstones oc-
cur. In these areas the valley walls of existing streams are steep
and thick sections of the sandstones are exposed; ground water
drains into the streams through the highly porous sandstone, caus-
ing the water table to become appreciably lower during dry
weather. Wells in these areas should be deepened to the basal
contact of the Tonganoxie sandstone in order to obtain ground
water which moves laterally along the surface of the underlying
impermeable strata. ‘

The thin coals of the Tonganoxie sandstone have been mined in
the past, but such ventures are generally not profitable commer-
cially, except under unusual circumstances such as conditions pro-
duced by a war. The coal resources of the Stranger formation
(Douglas group) are discussed by Bowsher and Jewett (1943).

The Tonganoxie sandstone is an extensive possible source of
fine quartz sand and silt, although the high iron and mica content
may limit its use. The poor degree of cementing makes the sand-
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stone very easy to quarry and large deposits with only a thin over-
burden are present.

SUMMARY

The following is a summary of the major results obtained in this
study. k

1. The Tonganoxie sandstone consists mainly of nonmarine beds
of sandstone, shale, and coal which are considered to be the non-
marine units of a cyclothem. The Tonganoxie sediments are di-
vided into four units: conglomerate, sandstone, shale, and coal.
Three types of stratification are observed in the sandstone unit:
(a) festooned cross-bedded sandstone and (b) massive-bedded
siltstones and sandstones in the center of the old Tonganoxie Val-
ley, and (c¢) thin-bedded sandstone along the valley margins. The
festooned cross-bedded and massive-bedded sandstones grade lat-
erally and upward into the thin-bedded sandstones. The thin-
bedded sandstone grades upward into the shale unit, which grades
vertically into the coal unit.

2. The Tonganoxie sandstone is confined to a valley extending
southwestward across northeastern Kansas. Only slight marginal
overlap of the upper part of the shale and coal units occur on ad-
jacent divide areas.

3. The Lower Sibley coal is preserved in valley shale remnants
of former extensive flood-plain deposits.

4. Excessive thicknesczes of sandstone (more than 65 feet) are
due to combined thicknesses of the Ireland and Tonganoxie sand-
stones. i

5. Sediments composing the Tonganoxie sandstone were de- -
rived from the east and deposited by a southwest-flowing river.

6. The mica of the Tonzanoxie is detrital and not authigenic.

7. The Tonganoxie sandstone may be the time equivalent of
sandstones of the same name elsewhere in Kansas, but the immed-
iate source of sediments and the depositing rivers probably were
not the same.

8. The disconformity at the base of the Tonganoxie sandstone
does not represent precisely the same time interval as the regional
disconformity outside the Tonganoxie Valley.

9. The Tonganoxie is older than beds overlying the regional
disconformity in most places elsewhere.
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10. The stratigraphic relations and conditions of deposition of
the Tonganoxie sandstone may explain the absence of certain cy-
clothem units in Kansas.

11. The alignment of the present outcrop is approximately paral-
lel to the old Tonganoxie Valley and is not at a right angle to the
direction of the source of sediment.

12. Greater porosity and permeability for ground water pre-
vails in the basal conglomerate and in the festooned cross-bedded
and massive-bedded sandstones than in the thin-bedded sand-
stones and the shale unit of the Tonganoxie sandstone. The sand-
stone is not encountered in various wells drilled outside the old
Tonganoxie Valley.
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