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ABESTRACT

The stratigraphy and areal geology of approximately 175 square
miles in northeastern Leavenworth County, Kansas is discussed in this
report, This predominantly agricultural area exbibits cast facing cuestas
and gently rolling hille., Approximately 550 feet of Pennsylvanian rocks,
ranging from the Missourian Wyandotte Limestone to the Virgilian
Lecompton Limestone, and unconsolidated Pleistocene sediments are
exposed, The Haskell Limestone is used to denote the top of the Stranger
Formation., The regional dip iz westerly at approximately 15 fest per
mile. There are also nontectonic structures due to differential com-
paction, slump, and ice-push, The mineral resources include shale,
soil, limestone, sand and gravel, and ground water. The areal geclogy

ie plotted on 2 1140, 000 map.



INTRODUCTION

Thig report deals with an area of approximately 175 square miles
in northeastern Leavenworth County, Kansas (Fig, 1), The area is
bounded en the cast by Missouri River; on the south by T. 10 8., on the
west by R. 20 E.; and on the north by Atchison County. Graded dirt and
gravel roads paraliel most of the section lines,

Leavenworth County is predominantly an agricultural area. Wheat,
corn, and hay are the principal crops; dalry farming is an important
industry.

Leavenworth, the county seat, is the largest town in the area
{pop. 1950, 20,579). Easton {pop. 287) is the only other incorporated
town, Lowemont is a small unincorporated village northwest of Leaven-
worth., South of Leavenworth an urban area extends for 3 miles through
& series of unincorporated villages to Lansing (also unincorperated).

At the city of Leavemvorth the mean annual rainfall during the
period 1932-1952 was 36, 4! inches, The maximum temperature for this
period was 110 degrees; minimum «22 degrees. The mean annual
temperature was 55,1 degrees,

Northeastern Leavenworth County lies within the Kansas Drift

Plain {Schoewe, 1949, p. 275). The Kansas Drift Plain is part of the
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Dissected Till Flain division of the Central L.owlands Proviace
{Fenneman, 193, Fig. &, p. 6=7).

The land surface slopes south to Kansas Eiver and east to
Migsourl River. altitudee range from 750 feet to 1120 feet (maximum
relief, 370 feet)., The most prominent topographic feature is the Oread
escarpment, which rises 75 to 125 feet above the countryside to the east.
Steep bluffs held up by the Oread Limestone border Stranger Creek;
Missouri River is bordered by steep bluffs held up by Lapsing Croup
rocks. The uplands have been diesected to form gently rolling hills.

Miseouri River is by far the largest stream in the area. Stranger
Creek, the only other large stream, is no more than 50 feet wide. No
marked asymmetry was noted in any of the stream valleys except for the
valleys of many of the castward flowing tributaries of Missouri River.

The asymmetry of these streams {steeper on the south side) is unexplained,

QEJECT OF STUDY

The object of this study is to prepare a detailed map of the areal
geology of northeastern l.eaveaworth County, and to record the general
characteristics of the rocks exposed in the map avea, The data gathered
in this study will be used by the Kansas State Geelogical Survey in the

preparation of a report on the Geology of Leavenworth County.




METHODS OF INVESTIGATION

Field studies were made continuously during August, 1957, and
during week ends and scattered week days from September, 1957, uatil
April, 1958, The geology was plotted, in the field, on U, 5, Geological
Survey topographic maps {(scale i:24, 000), and later transferred fo a
1:40, 000 base map adapted from a Kansas Highway Department map by
means of & Focalmatic projector. Stratigraphic sections were measured
with a steel tape and hand level. The geology of incorporated towns was

not mapped.

The Fennsylvanian rocks of Kansas have been the subject of much
study beginning with the early work of Meek and Hayden {1859). Cther
early workere include Swallow and Hawn (1865), Mudge (]866), Haworth
(1694}, Adams, Girty, and White {1903), and Haworth and Bennett (1908).
Hinds and Creenec (917) published an excellent map and report that in-
cluded the geology of the northeastern part of the area covered in this
report,

Many of the rock unite were named and described firet by Moore
and Newell {1932). Moore (1936, 1949) deccribed the rocks and discussed
their cyclic nature., Moore and cthereg (1951) published the most recent

clasgification and description of the rocks in Kansas, Jewetit and Newell
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{1935) reported on the geology of Wyandotte County; Reynolds (1957)
reported on the geology of southeastern Leavenworth County.

Seme of the rock units exposed in northeastern Leavenworth
County have been studied in great detail. Patterson (1933) studied the
Douglas Group; Bowther and Jewett (194 3) studied the coal in the Douglas
Group. The Tonganoxie Sandstone was etudied by Lins {1950). Sanders
{1957) studied the sandstones of the Douglas and Pedee Groups, McManus

{1956) studied the Merriam Limestone.

Current studies (1958) at the University of Kansas related to

northesstern Leavenworth County include studies of the Stanton Lime-

stone by 5. Ball and the Captain Creek Limestone by W, Eastwood.

Dr. L. F. Dellwig is studying ice-push features,
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STRATIGRAPHY OF SURFACE ROCKS

Sedimentary rocks of Pennsylvanian age and unconsolidated
sediments of Pleistocene age are exposed in northeastern Leavenworth
County (Fl. 1), All rock units recognized by the Kansas State Ceological
Survey between the Missourian Wyandotte Limestone and the Virgilian
Lecompton Limestone, except the Westphalia Limestone member of the
Stranger Formation and the Amazonia Limestone member of the Lawrence
Shale, can be recognized. The oldest Fennsylvanian rocks crop out in
the southeastern part of the area; progressively younger rocks crop out
to the north and west. Pleistocene sediments are indicated in Flate |
only where there is an appreciable thickness over a fairly large area,
Recent alluvial deposits are found in the larger stream valleys.

The Pennsylvanian rocks of Kansas are an excellent example of
cyclic sedimentation. Moore (1932, 1936, 1949) has presented the most
detailed dlscussions of cyclic sedimentation in Kansgas, Ae defined by
Moore the ideal cyclothem consists of the {ollowing units {aumbered in
ascending order):

.9 Shale {and cual).

.8 Ghale, typically with molluscan fauna.

.7 Limestone, algal, molluscan, or with mixed molluscan
and molluscoid fauna.

.6 Shale, molluscoids dominant,

«5 Limestone, contains fusulinids, associated commonly
with moelluescoids.

.4 Shale, molluscoids dominant.
«3 Limegstone, molluscan, or with mixed molluecan and
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molluscoid fauna,
.2 Ehale, typically with molluscan fauna.
. 1c Coal.
«1b Underclay
. la Shale, may contain plant fossils,
.0 Eandstone {From Mioore, 1936, p. 24)

Each cyclothem represents a cycle of deposition beginning and
ending with continental deposition {units .0, .1, .9). Maximum trans~
gression of the sea is indicated by the deep water fauna of unit . 5,

Moore {1936) described the cyclothems in the Pennsylvanian rocks cropping

out in northeastern Kansas., In addition to defining Fennsylvanian cyclothems,
Moore (1936, p. 29) recognizmed “cycles of cyclothems * that he called mega-~

cyclothems, and defined them for the rocks of northeastern Kansas., The

| ideal megacyclothem (Fl. 2) is composed of five cyclothems indicated by the
letters A-E, Examination of Flate 2 will show that in none of the cyclothems
are all the beds of the ideal cyclothem present. Megacyclothems of
Missourian rocks are not as well developed as those in the Shawnee Group
{Virgilian). In the Missourian megacyclothems the 4 and E cyclothems are
always absent and the D cyclothem is eometimes absent, The cyclic
development of the Douglas Group bas not been worked cut and no attempt
was made to do so0 in this study. The cyclothems and megacyclothems
defined by Moore are well developed in northeastera Leavenworth County,
except fot the general absence of fossile in the ghale units, and can be
recognized easily. Plate Z illustrates measured gections from north-
eastern lL.eavenworth County subdivided into megacyclothems accordiag

to Moore ‘1949,1
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Considerable range in the thickneses of the stratigraphic units wase
noted while studying the rocks of northeastern Leavenworth County,
Decause the area covered by this report is not large enough for a regional
study, final evaluation of the reasons for the variations in thickness can-
not be made, Some of the possible reasons for the thickness differences
are: {1) unconformities; (2} differential compaction; {3} algal accumulations;
{4) undulations in the surface of deposition; (&) tectonic movements affecting
the basin of depozition. Examples of the first three possibilities are: (1)
the disconformity at the base of the Virgilian Series; (2) differential com-
paction of the Stull Shale at the locality of measured section 1; (3) the
unusually thick algal accumulation capping the Toronte Limestone st the
locality illustrated in Figure 17 and in the Appendix (section 1), It is anot
beyond the realm of poesibility to imagine enough relief on the surface of
deposition to cause thickness variations of 25 feet, The efiect of tectonic
movements can be determined only by & regional study. However, it
should be noted that the thickening and thinning of the units in northeast
Leavenworth County does not have any apparent pattern,

Moore aund others {1951) have described the regional stratigraphy
of Kansac; therefore, the descriptions in this report deal specifically with
the rocks as exposed in northeastern Leavenworth County. However,
because the ares studied includes or {s close to the type srea of many
exposed units {(ex. Leavenworth Lirnestone, Lansing Group), the descriptions
herein are not materially different than those already in the literature,

Unless otherwise noted in the unit descriptions, the contacts between units
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ig

are sharp, well defined by lithologic changes, and essentially conformable.
Reference to the original author of each etratigraphic unit, the definition
presently recognized by the Kansas State Geological Survey, and the type
locality for each unit iz presented in tabular form before each unit
description. The rocks will be discussed in ascending order. A general-

ized stratigraphic column is included in Plate 1.

Defined by: Keyes, 1893, p, 85, 114-116; Moore, 1932, p. 90
Type locality: Northwestern Missouri

The upper part of the Missourian Series is exposed in north.
castern Leavenworth County, Cutcropping Misscurian rocks are of the
Zarah Subgroup of the Kansas City Group, the Lansing Croup, and the
Pedee Group (Fig., 2). The Missourian rocks are predominantly shale
and limestone with minor amounts of sandstone. A regional disconformity,
which locally cuts into the Stanton Limestone (uppermost Lansing Group),
marke the top of the Missourian Series. Approximately 175 feet of

Missourian rocks are exposed.

Kansas City Group-Zarah Subgroup
Defined by: Moore, 1949, p. 107
Type locality: Zarah, Johnson County, Kansas
The Zarah Subgroup includes all bede between the base of the

Lane ghale and the base of the Lansing Group. The subgroup is
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FIG. 2. QCensralised stratigrapbic section of Missourian rocks exposed
in northenstern Leavenworth County, Kansas,




composed of (in ascending order) the Lane Shale, Wyandotte Limestone,

and Bonner Springs Shale formations. The Lane Shale does not crop out

in the area mapped,

Wyandotte tons

Defined by: Newell in Moore, 1932, p, 92
Type locality: Southern Wyandotte County, Kansas

Only the two uppermost members of the Wyandotte Lignestone.
the Island Creek Shale and the Farley Limestone, are exposed.
Wyandotte exposures occur only in the extreme southeastern part of the
area mapped, and these exposures are poor. No locations are known
within northeastern Leavenworth County where complete sections of the
Island Creek can be studied. Because outcrops of the Wyandotte are so
poor, no measured sections of the Island Creek or Farley Limestone

are included in the Appendix.

Island Creeck Shale Member

Defined by: Newell in Moore, 1932, p. 92
Type locality: Island Creek, near Walcott, Wyandotte County, Kansas

East of the Missouri Pacific Rallroad near the southern boundary
of T. 9 S. the interval occupied by the Island Creek Shale is just above
the level of the railroad tracks, The base of the Fariey is 4 to 5 feet
above the fill on which the tracks are laid. The Island Creek Shale,

which occupies the interval below the Farley, is mostly covered by




soil and vegetation. Digging into the cover reveals flakes of mostly
bluish-gray (but with scattered green), clayey, apparently unfossiliferous

shale,

Fariey Limestone Member

Defined by: Hinds and Greene,19215, P 29
Type locality: Farley, Platte County, Missouri

The Farley Limestone is stratigraphically and topographically the

lowermost limestone cropping out in the area studied, Most commonly

the Farley is & massive limestone {Fig. 3) with slightly wavy indistinct

bedding. However a few outcrops of thin-bedded Farley were seen.
Because of the small gutcrep area within northeastern Leavenworth

County it was not possible to definitely determine if the bedding charace

teristics vary laterally or vertically, Fresh surfacee of the Farley are
light gray or mottled light and dark gray; weathered surfaces are light
gray or white, The massive limestone {5 predominantly fine-grained

and the thin-bedded varieties are bighly algal. All outcrops of the Farley
are highly fossiliferous. Fauna found in the Farley include Dictyoclostus,
Linoproductus, Jurecania, Neospirifer, Myalina, Fharkidonotus,
Euphimitee, Ameura, and algae. The approximate thickness of the

Farley Limestone is 8 feet,

Boaner Springs Shale

Defined by: Newell in Moore, 1932, p. 93
Typre locality: Bonner Springs, Wyandotte County, Eansas




FIG. 3, Massive-bedded Farley Limestone, S5W sec. 34, T. 9 5.,
R. 23 E,, camera facing northweat.

The Bonner Springs Shale underlies the siope between the Farley
Limestone and the Lansing Group. Although the shale is predominantly
gray, black laminae and tan sones are randomly distributed throughout
the lower 15 feet, A zone of red shale and calcareous nodules commonly
occurs 5 to 10 feet below the top, Because the Donner Springs is & siope
former, good outcrops are rare. The best exposure in northeastern
Leavenworth County is illustrated in the Appendix {gection 10), The
Eonner Springs Shale e 20 to 25 feet thick, Like most of the Ponnsyl-
venian Shales in northeastern Kansasz, the Bonner Springe is soft, clayey,

flaky to blocky, and net particularly well -bedded,
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Lansing Group
Defined b’y’: Hinds, 1912, p. 7; Moore, 1932, p. 92
Type locality: Lansing, Leavenworth County, HKansas
Most outerops of the Lansing Group are south of the city of
Leavenworth., The Laasing Group includes (in ascending order) the
Plattsburg Limestone, Vilas Shale, and Stanton Limestone formations,
The limestones typically form rather prominent benches; a gentie slope
is genorally developed an the Viles Shale, The Lansing Group is

approximately 75 feet thick,

Defined byt Broadhead, 1866, p. 317
Type locality: Clinton County, Missouri

Cutcrops of the Plattsburg Limestone, the lowermost formation of
the Lansing Gmuy, are in the southeastern part of the area meapped, All
three members of the Plattsburg {Merriam Limestone, Hickory Creek
Shale, and Spring Hill Limestone) crop out. The Flatteburg Limestone

is 15 to 25 feet thick,

Merriam Limestone Member

Defined by: Newell in Moore, 1932, p. 93
Type locality: Merriam, Johnson County, Kansas

The Merriam Limestone, the lowermost member of the Plattsburg

Limestone, commoenly consiste of two limestone units separated by a thin
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shale. The total thicknese of the Merriam is 2 to 3 feet, Mo ledge la
commonly associated with the Merriam,

The lower unit is fine~grained, maseive, gray to tan limestone
ané 1 to 2 feet thick, Typically the lower unit is represented by 2 single
maesive bed with prominent vertical joints, Foesils found in the lower
2, Aviculopectin, Composita, Echinochonchus, Juresania,

fenestrate bryozosns, crincid columnals, echinoid spines, and rarely,

unit are: M

straight nautileid cephalopods,

A thin rather nondescript shale separates the upper and lower
units, This {laky gray to tan shale ranges in thickness from a featheredge
to 0, & feet,

The wpper Umestone i& blue-gray, fine-grained, and consists of
thin irregular beds, Commonly an aigal limestone, composed mostly of
Gsegia, caps the upper unit., Osagis is present aluo in lesser numbers
throughout the whole upper unit, Other foseils include numerous brachi-
cpods, crinoid columnale, fusuiinids, Foraminifera, fenestrate bryozoans,
and scattered molluscs,

At the Kaunsas State Prison Quarry (Appendix, section 9) the base
of the Merriam Limestone is a discontinuous conglomerate, No other
localities where the Merriam bas a conglomeratic base are known in
northeasters Leavenworth County., The conglomerate is composed of
granule and pebble size shale and limestone fragments in a calcareous
matrix. Aviculeopectin, Compocita, and crinoid fragments are found in

the matrix of the conglomerate. The conglomerate ranges in thickness
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from o featheredge to 0.9 foot.

Hickory Creek Shale Member

Defined by: Newell in Moore, 1932, p. 93
Type locality: Hickory Creek, Franklin County, Kansas

The Hickory Creek Shale is the most inconspicuous member of
the Flatteburg Limestone., Throughout its outcrep ares in northeastern
Leavenworth County the Hickory Creek ranges in thickness from 0,5 to
1,0 feet, The black platy shale typical of the Hickory Creek in southern
areas is not present in Leavenworth County. In the area studied the
Hickory Creek has a reddich-brown basal unit about ! inch thick, The
reddish-brown shale is overlain by gray flaky shale that continues upward
to the top of the member {Appendiz, section 9). In most cutcrops the
shale is unfossiliferous, but there are abundant Crurithyris and echineid

spines at some of the outcrops,

Spring Hill Limestone Member

Defined by: Newell in Moore, 1932, p. 93
Type locality: Spring Hill, Johnson County, Kansas

The Spring Hill Limestoue is the thickest member of the Plattaburg
Limestone, and usually forms a promineat ledge (Fig. 4}). Commonly the
Spring Hill is about 12 feet thick, but the thickness ranges {rom 8 to 15
feet. The limestone is fine-grained but scattered crystalline calcite
occurs in the middlie part of the member at most localities. Bedding,

which is always slightly wavy, may be thick or thin., In some outcrops
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FIG, 4. Massive ledge of Spring Hill Limestone overlying thin Hickery
Creck Shale, The Hickory Creek has bezen sroded out of the dark
shadowed zone in the middle of the picture, The Merriam Limestone
floors the stream. South side of stream, cen. east line, sec, 32,

T. 98., R, 23 E,

the Spring Hill Limestone consists of a single thick limestone unit; in
others there may be one or two thin (featheredge to 0.5 {t,) shale breaks,
Excellent exposures of the Spring Hill are illustrated in Figure 4 and
in the Appendix (sections 9, 18).

Brachiopods are abundant and found throughout the member,
Algal beds ranging {rom a featheredge to 0.8 feet are conmon, Cther
fossils found in the Spring Hill Limestone include crinoid fragments,
ramose and fenestrate bryozoane, echineoid spines, fusulinids, and

planispirally coiled gastropods,
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Vilas Shale

Defined by: Haworth, 1898, p. 51
Type locality: Vilas, Wilson County, Kansas

Like the underlying Plattsburg Limestone, all known outcrops
of the Vilas Shale are south of the city of Leavenworth., The Vilas Shale
is a gray to green, clayey to silty, flaky to blocky, unfossiliferous rock,
Weathered surfaces of the Vilas are tan, The average thicknees of the
Vilas Shale is 2] feet, but thickness ranges from 15 to 25 feet, Because
gentle slopes are usually developed on tﬁe Vilas good outcrops are hard
to find, The best exposure in northeastern Leavenworth County is at
the State Prison quarry (Appendix, section 9), Other fair exposures are

found in T, 9 5. along some of the small tributaries of the Missouri River,

Stanton Limestone

Defined by: Swallow and Hawn, 1865, p, &; Newell, 1935, p. 76
Type locality: Stanton, Miami County, Kansas

The Stanton Limestone is the uppermost, thickest, and most
prominent formation of the Lansing Group. It has five members, which
are, in ascending order, the Captain Creek Limestone, Eudora Shale,
Stoner Limestone, Rock Lake Shale, and South Bend Limestone,
Locally the upper members of the Stanton were removed by post-

Missourian erosion,
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Captain Creek Limestone Member

Defined by: Newell, 1935, p, 7¢
Type locality: Captain Creek, Douglas County, Kansas

Outcrops of the Captain Creek Limestone consists of one massive
limestone bed or two or three masgsive limestone beds separated by thin
(less than 0,5 ft, ) shale breaks (Fig. 5; Appendix, sections ¢, 10). The
limestone {s dense, brittle, blue or brown, and fine~grained, Abundant
Composita are associated with the shale breaks, In addition to Composita,
which is the most characteristic fossil of both the shales and limestones

of the Captain Creek, Entelctes, Juresania, and fusulinids are present

in the limestones, The maximum observed thickness of the Captain
Creek Limestone is 3 feet, but 2 feet is most common., DBecause of its

resistant nature, the Captain Creek generally forms a low bench,

Eudora Shale Member

Defined by: Condra, 1930, p. 12
Type locality: east of Eudora, Douglas County, Kansas

The Eudora Shale is composed of three shale units (Appendix,
section 9), At the base of the member there are a {ew inches of soft,
dark gray or brown shale, The middle unit is distinctive black shale,
The black shale is fairly hard, platy, contains phosphatic nodules that
range in size from microscopic to 1/2 inch., Conodonts, which occur in
the black shale, are the only fossils found in the Eudora., The upper
unit comprises 2 to 3 feet of gray flaky shale, Although the topographic

expression of the Eudora Shale is a gentle slope in most places,
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FIG. 5, Captain Creek Limestone showing resistant nature and
massive bedding, East side Five Mile Creek, Shrine Park, sec, 11,
T. 9 8. » R. zz E.

locally, for example in the stream bed east of Muncie Cemetery,

sec, 7, T, 98., R, 23 E,, the shale supports a slight ledge,

Stoner lLimestone Member

Defined by: Condra, 1930, p. 11
Type locality: Stoner Farm, northwest of South Bend, Nebraska

The Stoner Limestone is the thickest member of the Stanton
Limestone and usually forms a prominent ledge, The Stoner consists
of many thin wavy beds of light gray to buff, fine-grained limestone,
Weathered surfaces are tan or brown and weathering makes the wavy
bedding more pronounced. Cutcrops of the Stoner Limestone are usually
easily found because almost all quarries south of Leavenworth are in

the Stoner. The only readily acceseible outcrop of the Stoner north of




¥IG., 6. Upper members of the Stanton Limestone: A, fresh Stoner
Limestone; B, weathered top of Stoner Limestone; C, Jock Lake Shale;
D, Bouth Bend Limestone, Quarry, SW sec, 30, T. 985., R, 23 E,,
camera facing east,

Leavenworth is located below the Fort Bridge at Fort Leavenworth, The

Stoner fauna include Composita, Marcinifera, Neosgpirifer, Jurecania,

Myalina, fusulinids, horn corals, high-spired gastropods, and echinoid
epinee, The Stoner is 11 to 15 feet thick,

A weathered zone spproximately 1 {oot thick, but having an
irregular lower surface, caps the Stoner Limestone (Fig, 6). The
weathered zone is composed of soft yellow to tan limestone, Locally
the weathered zone is replaced by limestone conglomerate that will be
discussed with the Rock Lake Shale, The weathering probably took

place after the deposition of the Stoner, but before the depositicn of the
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overlying Rock Lake Shale, and represents a slight disconformity at

the end of Stoner time, A similar weathered zone was noted by Ball

in Franklin County, Kansas (1957, p. 12).

Rock l.ake Shale Member

Defined by: Condra, 1927, p. 59
Type locality: near Scuth Bend, Nebraska

The Reck Lake Shale overlies the minor disconformity at the
top of the Stoner Limeetone, The disconformable contact between the
units is sharp, easily recognized, and shows no more than ¢ inches of
relief, Typically the Rock Lake consists of 4 to 5 feet of gray to green
arenaceous shale that becomes increasingly arenaceous in the upper beds,
The lower beds are blocky; the upper beds, flaky, No marine {ossils
were geen in the Hock Lake but poorly preserved plant remains are
common in the upper beds., Many of the upper beds have interference
ripple marks that have an amplitude in the order of 1/4 inch, Thin,
shaley, discontinuoue lenses of limestone (max, thickness 0, 8 ft,) and
coal (max, thicknees 0,2 ft,) ere found at random levels in the Kock
Lake Shale,

At some localities (Appendix, section 8) the Kock Lake consists

of alternating beds of {ine~grained sandstone and shale, At these

localities the member is up to three times as thick as normal sections,

Lenses of limestone are found also in the unusually thick sections,
A conglomerate composed of pebble and granule size discoidal

limestone fragments in a silty, sandy, calcarecus matrix is developed




locally 2t the base of the Rock Lake Shale (Appendix, sections 8, 9).

Fragments of marine {ossils similar to those in the underlying Stoner
Limestone are found in the matrix, The maximum thicknees of the
conglomerate is 1 foot, The conglomerate indicates areas where post-

Stoner erosion was most active,

South Bend Limestone Member

Defined by: Condra and Bengston, 1915, p. 23
Type locality: South Bend, Nebraeka

The South Bend Limestone is the uppermost member of the
Stanton Limestone (Fig, €). Because the overlying Weston Shale cifers
little protection, South Bend outcrops are generally not complete, The
South Bend is a gray-blue tc gray-brown, thin-bedded, highly fossil-
iferous limestone, Characteristically the lower beds are arenaceous
and carry pelecypods, The upper beds are more highly fossiliferous,
thin-bedded, fine-grained, clean limestone, biinute shale breaks (less
than 0.5 in.) separate many of the beds in the upper thin-bedded part of
the South Bend, Fosesils found in the South Bend lLimestone include:

Composita, Chonetes, Derbyia, Juresania, lincproductus, Meckella,

Neospirifer, crincid columnals, and fusulinids, Complete sections of
the South Bend are rare, but where the overlying Weston Shale is

present, the South Bend Limestone is & to 7 feet thick.

Pedee Group

Defined by: Moore, 1932, p. 93
Type locality: Pedee Branch, near Weston, Missouri
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The Pedee is the uppermost Missourian rock group., It is made
up of two formations, basally the Weston Shale and uppermost the latan
Limestone., A third formation, the Hardesty Shale (name proposed for
an undiscovered but conjectured unit by Moore, 1932) may be present
north of the city of Leavenworth, All complete Pedee sections are
north of Leavenworth, The latan has been removed everywhere south
of the city, and locally the Weston Shale is absent, The Pedee Gioup is

approximately 175 feet thick,

Weston Shale

Defined by: Keyes, 1899, p. 300
Type locality: Weston, Flatte County, Missouri

The Weston is a thick ghale sequence lying between the top of the
Stanton Limestone and the base of the latan Limestone, OSouth of the city
of Leavenworth the Istan Limestone and varying amounts of the Weston
Shale have been removed by post-Missourian erosion. North of the city
of Leavenworth where the latan is present, no localities are known
where the complete Weston Shale srction is exposed, but in this area
north of Leavenworth the intesrval between the top of the Stoner Limestone
and the base of the latan Limestone is about £0 feet, South of Leaven-
worth there are many good partial exposures of the Weston (Fig, 7;
Appendix, sections 5, 7). The shale ig non~foseiliferous, clayey,
blocky to platy, and bluish-gray in ceolor, Locally discoidal ironstone

concretions, € to 10 inches in diameter, have formed parallel to the




4 FI1G, 7. Weston Shale with thin limestone beds, South bank of Seven il
Mile Creeck, SE gec, 23, T, 98., R, 22 E,

bedding planes., Highly fossiliferous shaley limestone beds occur at i

some localities, but unfortunately these limestone beds do not have an

|

areal extent great enough to be used for correlation within the Weston, - i
it

The fossils found in the limestone bede are all emall and include Hustedia, 1

high-spired gastropods, aad crinoid columnals,

latan Limestons

Defined by: Keyes, 1899, p. 300
Type locality: latan, Platte County, Missouri ‘

Because of post-Missocurian erosion the Iatan is present only i

north of the city of Leavenworth, VWhere present, the latan {forms a




FIG, 8., Iatan Limestone showing characteristic rough weathered
surface, Northwest side of cresk bed, NE sec, 32, T. 7 8,, R, 22 E,

prominent ledge because of its thickness and its dense, hard, massive
nature, Bedding surfaces are poorly defined in both {resh and weathered
outcrops., Much of the limestone appears to have been brecciated and
recemented by limestone, The colors of the Iatan range from light to

dark gray on {resh suriacee, and weathered surfaces have a mottled

reddish-brown color, Numerous veinlets about 1/1¢ inch thick (max,)
occur in the Iatan, These veinlets are predominantly parallel to the
bedding but can be seen running in all directions, Weathered surfaces
are rough owing to differential removal of calcite and limestone {Fig. 8).

5 ] Cther than algel beds, which are common, fossils are rare,
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PENNSYLVANIAN SYSTEM-VIRGILIAN SERIES

Uefined by: Moore, 1932, p. 89
Type locality: Southeastern Kansas, name derived from Virgil,
Greenwood County, Kansas

All Pennsylvanian rocks exposed in northern Leavenworth County
above the Iatan Limestone belong to the Virgilian Series, OUnly Lower
Virgilian rocks, the Douglas and Shawnee Groups, crop out in the area

mapped, In northeastern Leavenworth County approximately 350 feect

of Virgilian rocks are exposed,

Douglas Group

Defined by: Haworth, 1898, p. 93; Moore, 1932, p. 93
Type locality: Douglas County, Kansas

As defined by Moore (1932, p. 93) the Douglas Group includes all
beds between the disconformity at the base of the Virgilian Series and the
base of the Uread Limestone (Fig, 9). These boundaries are recognized
easily, The boundaries of the formations and members within the
Douglas Group are not generally recognized ecasily, Because of numerous
facies changes and poor outcrops the relationship between members of
the group is not always clear, In Plate 1 the whole Douglas Group is
represented by a single pattern, because the limits of the formations
within the Douglas can be determined only where the Haskell Limestone

can be identified,
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The disconformity marking the base of the Virgilian Series is a
surface of considerable relief, FRocke of the Douglas Group are in coantact

with rocks ranging {rom the Iatan Limestone down to the Stanton Lime-

stone, The lowermost Douglas Rocks characteristically are sandstone

that can be distinguished readily from the limestone and shale of the

underlying Pedee and Lansing CGroups (Fig. 10).

In & emall area north of the city of Leavenworth the best

location for the base of the Virgilian Serics ie debatable, In sec. 3,

T. 88,, R, 22 E, the latan Limestone is overlain by clay shale that
containg a coal bed near the top, This shale could represent either the
hypothetical Missourian unit for which the name Hardesty Shale was
proposed (Moore, 1932, p. 97}, or it could represent basal Virgilian
deposition, If the coal bed indicates a continental environment, then
the shale is probably a facies of the predominantly continental lower
Douglas Group., The irregular contact (Fig., 11) between the shale and

the Iatan Limestone also suggests that the shale is part of the Douglas

Group,
The upper boundary of the Douglas Group is clearly marked by
the Toronto Limestone member of the Oread Limestone, which is

continuous throughout the area studied,

Stranger Formation

Defined by: Newell in Moore, 1932, p. 93; Moore, 1936, p. 147
Type locality: Stranger Creek, central Leavenworth County, Kansas




Fi1G, 10, Tonganoxie Sandstone overlying Weston Shale; note the irregular | 11 |
contact, West side of creek, near cen, east line, sec. 36, T. 9 8., !” 1
Rs 22 E,

FI1G, 11, Iatan Limestone and overiying shale. Note irregular contact

between shale and limestone, Abandoned quarry, south side Flumb b

Creek, SE-sec; 24, T, 5. K22 &, '
NWESWaNef acc. 3, T.gs, R n1E |
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The Stranger Formation is described as a ceries of 'non-marine
and marine beds of the lower part of the Douglas Croup extending upward
from the base of the Virgilian rocks to a disconformity at the base of the
Lawrence Formation, ' (Moore, 1949, p. 129). In northeastern Leaven-
worth County the dsconformity at the base of the Lawrence Shale cannot
be definitely identified, Recognizing this problem, Moere (19581, p. 72)
suggested using the top of the Haskell Limestone for an alternate top of
the Stranger Formation. Throughout much of the area studied the Hackell
Limestone may be absent and neither definition of the Stranger Formation
can be applied. However, in this report, the top of the Haskell is used
to denote the top of the Stranger Formation.

As defined by the Kansae State Geological Survey {Moore and others,
1951) the Stranger Formation includes (in ascending order} the Tonganoxie
Sandstone, Westphalia Limeetone, Vinland Shale, Haskell Limestone, and
Robbins Shale members, None of the membere can be traced without
interruption. through northeastern Leavenworth County., Poesitive
identification of the Westphalia Limestone has not been made in Leaven-
worth County. In this report the Robbing Fhale is considered tobe a

member of the Lawrence Shale,

Tongancede Sandstone Member

Defined by: Moore, Elias, and Newell, 1934
Type locality: Kast of Tonganoxie, Leavenworth County, Hansas




33

After detailed study of the Tonganoxie Sandstone in Douglas and
Leavenworth Counties, Lins (1950, p. 117) concluded, 'The Tongancxie
Sandstone represents the filling of a large southwest-trending valley.

In that stuéy Lins (p. 119) recognized four litholegic units in the Tonga-
noxie Sandstone: basal congiomerate, sandstone (Fig. 12), shale, and
coal., All of these units can be recognized in northeastern Leavenworth
County. The basal conglomerate is not continuous. It is developed best
where the disconformity at the Sa.sa of the Virgilian has cut deep into the
Stanton Limestone. The conglomerate consists of well-rounded discoicdal
limestone fragments and clay balls up to ! inch in diameter in 2 sandy
calearecus matrix with many fossil fragments also in the matrix, This
basal conglomerate ie only a few inchee thick, Tan to dark reddisch.-brown
quartz sandstone is the dominant rock type of the Tonganoxie Sandstone,
The quarte grains are angular to subangular and poorly cemented by clay,
ldine (p. 122) reports three types of sandstone, ‘(1) festooned cross-
bedded siltstone and sandstone; (Z) massive~bedded siitctone and sandetone;
and (3) thin-bedded argillaceous siltstone, sandstone, and sandy shale, °
The composition of all three sandstones ie similar, except for more fine
material in the thin-bedded type, Eecause the base of the Tonganoxie
Sendetone is s0 irregular, the thickness of the sandetone unit is variable,
Locally, commonly associated with slumped sones, ironstone concretions
up to ! foot in diameter have developed in the sandstone unit, The shale

unit of the Tonganoxie grades upward from the thin-bedded sandstone,




FIG. 12, Typical cutcrop of massive Tonganoxie Sandstene., The
mottled appearance of the sandetone is caused by moss. East eide of
stream, SW sec. 10, T. 9 8,, R, 22 E.

The shale ie commonly brown silty shale or gray clayey shale., The
shale unit is 10 to 20 feet thick. The coal unit of the Tonganoxie Sand-
stone is the Upper Sibley Coal (Patterson, 1933, p., 12; Boweher and
Jewett, 1943, p. 43; Line, 1950, p. 125). The Upper Sibley Coal is 1 to
1.5 feet thick, Figure 13 {llustrates the relationship between the

lithologic units of the Tonganoxie Sandstone.

Vestphalia Limestone Member

Defined by: Moore and Newell in Moore, 1936, p. 150
Type locality: near Vestphalia, Anderson County, Kansas

In its type area the Westphalia Limestone member is 5 feet thick

and contains abundant fusulinids { Moore, 1936, p. 150; Moore and others,
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FIG, 13, Diagrammatic cross section showing the relation of Tonganoxie
Sandstoane to Tonganoxie Valley {from Lins, 1950, p. 124).

1951, p. 73). No limestone fitting this description crops out in north-
eastern Leavenworth County. A thick calcarecus zone about Z0 feet above
the Upper Sibley Coal (Appendix, section 4) may represent the Westphalia
Limestone. Line (1950, p. 114) believes the Westphalia Limestone ie
represented by a thin highly fosgiliferous limestone bed 3 to 4 inches
above the Upper Sibley Coal. I believe that positive correlation with
known Westphalia Limesgtone is not possible, and in northeastern Leaven-
worth County all beds between the Upper Sibley Coal and the Haskell

Limestone should be assigned to the Vinland Shale.

Vinland "hale Member
Defined by: FPatterson and Addison in Moore, 1936, p. 151; Moore and
Newell in Moore, 1936, p. 151,
Type locality: Nertheast of Vinland, Dougles County, Kansas
By definition the Vinland Thale includes all beds below the Haskell

Limestone and above the Westphalia Limestone, c¢r in the absence of the

Westphalia iLimectone, above the Upper Sibley Cozl., In northeastern

e e
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Leavenworth County the top of the Upper Sibley Coal is used to denote

the base of the Vinland Shale., The only good exposure of the Vinland Shale
iz on the south side of Plumb Creek in the center of sec, 4, T. & &.,

R, 22 X, {Appendix, section 4). At this locality the Vinland is made up

of three units with a total thickness of 47 feet. The lower unit is a dark
gray clay shale that grades downward into the Upper Sibley Coal,
Scattered molluscs are found in the lower unit, The middie unitis e
series of alternating beds of chale and limestone. The shale is dark gray,
calcarecus, and slightly silty, The limestone beds are silty, shaley,

and dark gray. No fossils were found in either the limestone or shale.
The exact position of the limestone beds is difficult to determine, and it
may be that they are not continuous even at this locality., The middle
calcareous unit is 17 feet thick., The upper unit consicts of 12 feet of

barren, clayey, dark gray shale with a silty calcareous top.

Hagkell Limestone Membery

Defined by: Moore, 1932, p. 93
Type locality: Lawrence, Kansas

The Haskell Limestone is the best stratigraphic marker in the
Douglas Group. Brachiopods (Marginifera, Dictyoclostus, Neospirifer),
Myaline, crinoid colummals, and aigae are the most common fossils in
the Haskell Limestone, Fusulinide are present but rare. The upper
surface of the Haskell hae many irregular depressions,

North of the city of Leavenworth the Hackell Limestone has

three units (Appendix, sectioun 4). The basal unit is wavy-bedded, algal,
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argillaceous, light brown limestone, In addition to algae, brachiopods
are common. The lower unit is 2, 3 feet thick, The middie unit is
thin-bedded, dark gray limestone, Crincid stems are profuse in the
middle unit, The middle unit is 2. & feet thick, The upper uxit is dis-
tinguished from the middle unit only by much thinner beds. The upper
unit is 1,5 feet thick,

In the southern part of the area gtudied, thin even-bedded Haskell
ie much less common. Locally the Haskell Limestone is made up of
thin regular beds, but irregular bedding (Fig. 14; Appendix, sectiocn 3)
is more common. In the south the Haskell is more algal and contains

Myslina,

Lawrence Shale

Defined by: Haworth, 1894, p, 122; Newell In Moore, 1936, p. 155
Type locality: Lawrence, Hansas

The Lawrence Shale is restricted to rocke above the disconformity
&t the base of the Ireland Sandstone and below the Orcad Limestone. The
Lawrence Shale, as defined by the Kansas State Geological Survey (Moore
and others, 1951), hag two named members: Ireland Sandstone and
Amagonia Limestone, However, in this report the Hobbing Shale also
is congidered to be a member of the Lawrence Shale, The Amazonia

Limestone does not crop out in northeastern Leavenworth County,




FiG. 14, Haskell Limestone capping small waterfall; A, Vinland Shale,
B, Hagkell Limestone. Note irregular bedding, NI sec. 36, T. 9 5.,
R. 21 E., camera facing north,

Robbing Shale Member

Defined by: Moore and Newell in Moore, 1936, p. 156
Type locality: Southwest of Yates Center, Woodson County, Kansas

By definition the Hobbins fhale includes all beds between the
Haskell Limestone and the disconformity at the base of the Lawrence
Shale, This disconformity has not been positively identified in north-
eastern Leavenworth County, 4 thin discontinuous shale unit above the
Hagkell Limestone was correlated with the Robbins Shale by Reynolds
(1957, p. 24).

Three lithologic types are present in the rocks iramediately above
the Haskell Limestone, FPhosphatic nodules occupy the depressions in the
top of the Haskell. Cne foot of yellowish-gray fossiliferous shzle overlies

the nodules. Overlying the shale is a £ to ¢ inch goethite bed that aleo
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contains marine fossils. The goethite bed is overlain and underiain by
similar shales., Reynelds used the goethite bed to mark the disconformity
at the baze of the Lawrence Shale, A detailed study by Miller and
Swineford {1957, pp. 2U12.2036) indicated that the significant break in
deposition in this part of the section occurred immediately after the
deposition of the Haskell Limestone.

Fwven though the Robbing Shale has been identified in the area
studied, and even though the goothite bed may represent & slight dis-
couformity, in this report the top of the Haskell Limesztone is used to
denote the top of the Stranger Formation for the following reascns: (i)
the moat significant break in deposition in this part of the section is at
the top of the Haskell Limestone and not at the goethite bed; (2) if the
most significant break is at the top of the Haskell Limestone, the "Robbins
Shale  above the Haskell Limestone is more closely related to the over~
lying rocks and should be a member of the Lawrence Shale; (3) the

Hobbinsg Shale is too thin and discontinuous for practical mapping.

Ireland Sandstone Mersber

Defined by: Moore, 1932, p. %3
Type locality: Southwest of Yates Center, Woodson County, Hansas

Lithologically the Ireland Sandstone ig the same as the Tonganoxie
Sandstone. Lins (1950, p. 129) and Sandere (1957, p. 23) report that the
Ireland and Tonganoxie Szndstonce are virtuslly indistinguishable,
Sanders {p. 24) suggests that they might be separated after detailed

leboratory studies of their physical properties. In northeastern
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Leavenworth County, where the Haskell Limestone can be identified,

there is no typical massive or cross-bedded Ireland Sandstone. The

basal 30 to 40 feet of the Lawrence Shale is a series of sandy shale beds
not unlike the upper Tonganoxie shale unit described by Lins (1950, p. 124), | 'fiw

Lins {p. 126} illustrates a stratigraphic sectionin T. 9 &,, R, 21 E,
{within the area covered by this report) that has an abnormally thick sand- , l
stone seqguence. He interpreted this to be an area where the Ireland ; J
Sandstone rests disconformably on the Tonganoxie Sandstone, and the

Hagkell Limestone was removed by erosion, I could not locate the section.

There is not encugh field evidence to indicate whether the Haskell Lime-
stone iz absent because of nondeposition er because of erosion. In fact

there is not encugh field evidence to prove if the Haskell is absent at all,

Previously unknown outcrops of the Haskell Limestone, found during this ;f_‘
study, suggest to me that the Hasgkell is probably continucus throughout

|
!
the area. Outcrops in this part of the stratigraphic section are poor and 'i !j :

well data will be required to determine the nature of the concealed rocks,

The sandy chale and small sandstone lenses of the lower Lawrence
Shale grade imperceptibly inte much less sandy shzle of the upper i
Lawrence Shale, The upper Lawrence is predominantly a blue-gray clay
cehale without fossils, Sandy beds and minute carbonaceous layers are e
scattered throughout the shale, Becazuse a gentle clope is commeonly

developed on the L.awrence Shale, ocutcrops of the Lawrence are rare,

b
e

There are two persistent horizons in the upper Lawrence Thale,

A coal bed 6 to 12 inches thick cccurs 39 to 50 feet below the Uread

S e e L P ) T g
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FIG. 15. Lawrence Shale and Lower Williamsburg Coal, At this
1 locality the surface of the coal is bleached white, Scuth bank Cramer
Creek, NE sec. 30, T. & &, R, il E,

iimestone., This coal probably is the equivalent of the Lower Willlams-
burg Coal (Fig. i5). The upper key horizon is a marcon zone 5 to [0

{eet below the Cread Limestone,

“hawnee Group

Defined by: Haworth, 1898, p. 93; Moore, 1936, p. 159
Type locality: Shawnee County, Kansas

As presently defined, the Shawnee Group (Moore and others, 1951)

includes all rocks from the base of the COread Limestone to the top of the

Topeka Limestone., Only the three lower formations {Cread Limestone,
Fanwaka Chale, and Lecompton Limestone) of the Shawnee Group are

exposed in the area studied (Fig. 16€).
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FIG, 16, Generalized stratigraphic section of Shawnee {Virgilian) Group
rocks exposed in northeastera Leaveaworth County.




Cread Limestone

Defined by: Haworth, 1894, p. 123; 1895, p., 461
Type locality: Mount Oread, lLawrence, Douglas County, Kansas

In northeastern Kansas the Oread lLimestone forms a prominent
east-facing escarpment, The members of the Cread are (in ascending
order) Toronto Limestone, Sayderville Shale, L.eavenworth Limestone,
Heebner Shale, Plattamouth Limestone, Heumnader Shale, and Kereford
Ilimestone, The upper and lower contacts of the Cread Limestene are

essentially conformable. The average thickness of the Oread is 60 feet.

Toronto Limestone Member

Defined by: Haworth and Platt, 1894, p. 117
Type locality: Toronto, Woodson County, Hansas

The Torento Limestone is the basal member of the Uread Lime-
stone., The most distinguishing characteristics of the Toronto are the
rich brown color of weathered surfaces, the massive outcrops (Fig. 17),
and the abundance of fusulinids, Fresh surfaces are tan to gray.

Locally the upper beds are dark blue dense limestone that resembles the
Leavenworth Limestone, The Toronto is fine-grained, usually abundantly
fossiliferous, and has poorly defined slightly irregular bedding surfaces.
Crinoid fragments, fusulinids (especially near the top), bryozozns, and
braclﬁognéé {Dictyeclostus, Composita, Neespirifer, Chonetes), are the
most common fossils., Algal beds are common, particularly near the

top of the member (Appendix, section 2). The thickneses of the Toronto
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Limestone ranges from 5 to § feet.

Suyderville Shale Member

Defined by: Condra, 1927, p. 38
Type locality: Bnyderville Quarry, west of Nehawaka, Nebraska

Cutcrops of the Snyderville Shale are rare because the typical
topegraphic expression of the Snyderville is a gentle slope, Where
exposed, the Snyderville is an essentially barren, blocky, clay shale.

The color of the shale is green throughout the lower haif, becomes blue-
gray in the middle, and the uppermost few feet are gray or browa, No
fossile were identified from the Sayderville, however, a few shell
fragments were found near the top., The thickness of the Snyderville Shale
ranges from 10 to 17 feet. The best exposure of the Snyderville in north-

eactern Leavenworth County iz {llustrated in Figure 17.

lL.esvenweorth Limestone Member

Defined by: Condra, 1927, p. 38
Type locality: Leaveaworth, Leavenworth County, iansas

The Leavenworth is one massive layer, 1.5 to 2.5 feet thick,
of dense, dark blue, finely crystalline limestone {Fig. 17; Appendix,
sections 1, Z). Prominent vertical joints cause the upper surface to have
the appearance of paving blocks (Fig. 30), F¥ossils, although not abundant,
are found easily in the Leavenworth Limestone. Scattered fusulinids are
present in all outereps, Cther fossils include gastropods, pelecypods,

brachiopods, and echincid spines,
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FIG., 17. Lower Oread Limestone at Leavenworth Limeestone type
locality. Note the massive bedding in the Toronts Limestone and the

i ledge formed by the Leavenworth Limestone and the Heebner Shale,

; As Lawrence Shale; B, Toronto Limmestone; C, Sayderville Shale;

D, Leaveaworth Limestone; E, Heebner Shale; I, Plattsmouth Lime-~
stone, North side road cut, Government Hill, NW sec, 22, T, & 8.,
R, 22 E.

ga Heebner Shale Membey

| Defined by: Condra, 1927, p. 37
: Type locality: Heebner Creek, west of Nehawka, Nebracka

The lower 2 or 3 feet of the Heebner Shale {Appendix, sections

1, 2) are black, hard, platy, easily recognized shale, Phosphatic
nodules ranging in size from microscopic to 1/2 inch are common in the

black chale, Cray to brown, fissile ghale, which is blocky near the top,

overlies the black shale, The Heebner is 4 to 5.5 feet thick, No mega-

fossils occur in the Heebner, but there are conodonts in the black shale,
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At some localities the bard platy base of the Heebner Shale and the

underlying Leavenworth Limestone form a single ledge (Fig., 17).

Flattsmouth Limestone Member

Defined by; Keyes, 1899, p. 306; Condra, 1927, p. 37
Type lecality: Plattsmouth, Nebraska

The Plattsmouth Iimestone member is the most prominent ledge
fermer and the thickest moember of the Oread Limestone., Almost all
guarries in the western and novthern pacts of the area studied are in the
Plattsmouth Limestone., The average thickness of the Flattemouth is 15
feet, but the thickness ranges from 10 to 20 feet, Weathered suriaces
exhibit highly irregular bedding in almost white, fine-gruined limestone,
Fresh surfaces, such as found {n active quarries, are light gray and
appear more massive {Fig, 18). Zlack chert nodules with enclosed
fusulinide are pecullar to the Flattamouth, In addition to fusulinids,
brachiopods (Hustedia, Heospirifer, Dictvoclostus, Lomposita, Lnteletes),

bryozoans, and crincid fragmente are common,

Heumader Shale Member

Defined by: Moore, 1932, p, $6
Type locality: Heumader Cuarry, north of 5t, Jogeph, Missouri

The Heumader is dark grey to green, blocky to thin-bedded,
localiy sandy shale, Outcrops of the Heumader are poer; the interval
between the Kereford Limestone and the Plattermouth Limestone is

commonly covered. No fossils were observed in the Heumader Shale.




FIG, 18, Upper Oread Limestone: A, Plattsmouth Limestone; B,
Heumader Shale; €, Kereford Limestone, Cen. sec, 12, T. § M.,
R, 21 E., camera facing southwest.

The thickness ranges from a featheredge to 11 feet, The best Heumader
sutcrops in northeastern Leavenworth County are {llustrated in Figure I8

and in the Appendix {section 1).

Eereiord Limesgtone Member

Defined by: Condra, 1927, p. 45
Type locality: Kerford Cuarry, Atchiseon, Kansas

The Kereford is the most variable limestone exposed in north-
castern Leavenworth County, Throughout much of the area the Kereford
consista of 1 to 2 feet of dense blue limestone that hae a light brown
weathered surface. At other localities it is light gray with many shale
partinge. Locally there are maseive algal beds., At most localities the

Eereford Limestone is highly {oseiliferous (Fig, 19}, Common fossile




FICG. 19, Fossils from the Kereford Limestone: A, Figtulipora: B,
unidentified bryosgocane; C, bedding surface with many brachiopods,
foerils collected at the quarry illustrated in Figure 18,

All
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include: fusulinids, large crinocid columnals, bryozoans, algae, and
brachiopods. Three small specimens of Ameurs were collected from

Fercford outcrops in the ceater of gsec. 32, T. 8 5., R. 2! E.

Lanwaks Shale
Defined by: Adams in Adams, Girty, and White, 1903, p, 163
Type locality: Kanwaka Township, Douglas County, Eansas
All beds between the top of the Uread Limestone and the base of
the Lecompton Limestone belong to the Kanwaka Shale, The members
of the Kanwaka Fhale are (in ascending order) Jackson Park Shale,
Clay Creek Limestone, and Stull fhale. The thickness of the Kanwaka

ie approximately 50 feet,

Jackson Park Shale Member

Defined by: Moore, 1932, p, 96
Type locality: Jackson Park, Atchison, Fansas

The Jackson Fark Shale is bounded by the Kereford Limestone at the
bottom and the Clay Creek Limestone at the top, Iour units can be dis-
tinguished at the best exposure of the Jackson Fark (Appendix, section ).
The lowermost unit consists of 11 {eet of gray to green, platy, micaceous,
highly arenaceouvs, ripple-marked shale. In the second unit thin-bedded
gray to tan calcareous shale alternates with massgive sandstone lenses up

to 1.5 feet thick, The second unit is four feet thick and becomes

_increasingly sandy upward, The third unit is a thin (0,8 L), discontinuous,

shaley, micaceous limestone. The limestone does not form & continuwous
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layer, but there are s series of calcareocus lenses all at about the same
horizon. Excellent cone-ine.cone etructure is found in some of the shaley
parts of this unit, The uppermost unit is gray to tan shale with numerous
sand lenses., The top unit is 14 feet thick, Plant fossils were found in
float below the Jackson Park, but I do not know if they came out of the
Jackson Park Shale or the overlying Stull Shale, Elsewhere in the area
studied the Jackson Park Shale has similar units alﬂmush the thicknesses

are slighily different,

Clay Creek Limestone Member

Defiged by: Moore, 1932, p. 96
Type locality: Clay Creek, west of Atchison, Kansas

This massive (Fig. 20), dense, blue limestone is an excellent |
horizon marker., The characteristice of the Clay Creck Limestone are
constant throughout the area studied. The appearance of the Clay Creek
Limestone is similar to the Leavenworth Limestone, The Clay Creek
Limestone is 1.5 to 2.5 feet thick, very hard, has prominent vertical
joints, and contains fusulinids. Unlike the Leavenworth Limestone, the
Clay Creek Limestone has a profuse fauna, Fusulinids, brachiopods,

and crinoid fragments are the most abundant fosails,

Stull fhale Member

Defined by: Moore, 1932, p. 96
Type locality: near Stull, Douglas County, Kansas

Three lithologic units can be distinguished in the Stull Shale

{Appendix, section 1). The lowest unit ie noncalcarecus, only slightly




4 FIG. 20. Typical massive Clay Creek Limestone. Near Easton Cemetery,
' NW sec. 19, T, 8 5,, R. 21 E,

sandy, gray shale. The middle unit is a thin (1 foot), maseive, fine-
grained, tan to brown sandstone., The upper unit of the Stull Shale consists
of gray to tan clightly arensceous ghale. At some localities a thin coal
bed is present 1 to 5 feet below the top of the member. No fossils were
found in the Stull, The thickness of the Stull Shale rangee from 25 to

30 feet,

& Lecompton Limestone

Defined by: Bennett, 1896, p. 116; Condra, 1927, p. ¢4
Type locality: Lecompton, Douglas County, Kansas

The Lecompton Limestone is & series of limestone and ghale

members between the Kanwaka Shale and Tecumseh Shale. Only the
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FIG. 21. Typical massive-bedded Spring Eranch Limestone, North side
of road, NW sec, 19, T, 6§ 8,, R, 21 E,

three lower members of the Lecompton (in ascending order: Spring Branch
Limesgtone, Doniphan Shale, and Pig Springs Limestone) are exposed in the
arez studied. The beot outcropes of the Lecompton are in the northwestern

part of the area.

Spring Eranch Limestone Member

Defined by: Condra, 1927, p. 47
Type locality: Spring BEranch, Douglas County, Hancas

The Spring Branch Limestone resembdles the Toronto Limestone

member of the Oread Limestone, Like the Torouto, the Spring Branch is

massive (Fig. 21}, indistinctly and irregularily bedded, highly fossil-

ifercus, and weathers brovn, In addition to fusulinids, which are very
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abundant, brachiopods, ¢rinoid fragments, and bryozcans are profuse.
In northeastern Leaveaworth County the average thickness of the Spring

Braanch Limestone is & {eet,

Doniphan Shale Member

Defined by: Condra, 1927, p. 47
Type locality: Northern Doniphan County, Kansas

Leacause ne locations are known where the Doniphan is not mostly
covered by glacial debris and vegetation, it can only be described very
briefly. The Doniphan ie¢ gray te green, blocky, unfessiliferous shule,

T to 10 feat thick,

Big Springs Limestone Member

Deiined by: Condra, 1927, p. 47
Type locality: Big Springe, Douglas County, Kansas

Like the underlying Doniphan Fhale, most outcrops of the Big
Springs lLimestone are partiully covered by till, The Uig Springs iz a
dense, dark gray-blue, massive bed, 2 fect thick, Abundant fusulinids
are the most characteristic fossil, Like the Lesvenworth Limestone and
the Clay Creek Limestone, the Big Springs has prominent vertical joints,
Fleat from the Big Spriags Limestone is common in the northwestern part
of the area. The float blocks have a yellowish surface color and are

somewhat rounded {(Fig. 22).




FI1G, 22. Float blocks of the Big Springs Limestone., Note the massive
bedding and rounded corners, North eide of road, NW sec, 19,
T( E?} Eﬁzu Pﬁ%q zl El.

GUATERNARY SYETEM.FLEBTCCENE SERIES

The relationship between the units within the Flelstocene deposits
of northenstern Kansas is complex, The Fleistocene deposits are not
lithified; contain a great variety of sediments; commonly are covered by
vegetation; are subject to slump; and ave difficult to correlate, It is not
within the scope of this etudy to try and unravel the Pleistocene strati-
graphy of northeastern Leavenworth County., The best and most recent
report covering the Plelstocene of Kansas was made by Frye and

Leonard {1952).




Kansan Stage

According to Frye and Leonard (1952, p. 54, 87, Pl 1) the
cldest Fleistocene deposits in Leavenworth County are probably of
Kansan age. Three Kansan formations (in ascending order: Atchison
Formation, Kansan Till, and Mead Formation) are recognized in north-
eastern Kansas, In portheastern Leavenworth County the Atchison
Formation is probably present, Ka.n_san Till is definitely present, but
the Mead Formation has never been recognized {(Frye and Leonard, 1952,

po 99’&

Htehigon Formation

Defined by: Moore and others, 1951, p. 18
Type locality: Atchison, Fansas

The Atchipon Formation consists of ailt, sand, and gravel
deposited by pro-glacial streams (Moore and others, 1951, p. 15).
Although sediments of this type are present in northeastern Leavenworth
County, they cannot be practically differentiated from the overlying
Kansan Till that may have the same lithology. Thercfore all Kansan

deposits are indicated 2¢ Kansas Till in Plate 1.

Eansan Till

Defined by Chamberlin, 1894
Type locality: none
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Kansan Till includes, “the deposits made directly by the Kansan
Glacier and some water laid sediments interstratified with the till, It
does net, however, include the pro-glacial silts, sands, snd gravels
deposited in front of the advancing glacier (Atchison Formation) or the
cutwash deposits from _the retreating glacier (Mead Formation)  (Frye
and Leonard, 1952, p. 74). Because Kansan Till, by definition, contains
stratified drift, recognition of the Kansan formatione is almost impossible
in areas where more than one formation is present, Therefore all Kansan
sediments are described as Kansan Till in thie report, The tll coneists
of unsoried bouldere, cobbles, gravel, silt, and clay. FBoulders of pink
guartzite may be seen in almost all parts of the area. Throughout
northeastern Leavenworth County till is interbedded with stratified sand
and gravel deposits, Indeed, stratified drift is more common than
unstratified till,

Some of the stratified sand and gravel was probably deposited by
pro-glacial streams and is part of the Atchison Formsation. Sand and
gravel also may have been deposited by pro-glacial streams during minor
retreats of the ice-front. Some of the sand and gravel may have been
derived from till reworked by pro-glacial streams during the retreat of
Kansan Ice and should be classified as part of the Mead Formation, Cther
sand and gravel deposite resemble ice-contact stretified drift as described
by Flint {1947, p, 143}, Ia these deposits the bedding is distorted (Fig. 23)

in 2 manner suggesting clump caused by melting of the supporting ice.
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FIG, 23. Ice-contact stratified drift, Note the dip which may have been
caused by melting of supporting ics, South side Little Plumd Creek,

NW sec, 31, T. 78., R. 22 E.

A conglomerate consisting of limestone buulders and cobbles in

gec, 34, T. 9 8., B. Z1 E, is mapped as Eansan Till, but may correiate

with the Hlincian Buck Creek Terrace described by Davis and Carlson {1952).

Later Pleistocene

Ssuborn Formaticon

Defined by: Ellas, 1931, p. 163, 179
Type locality: Cheyeane County, Fansas

The Sanbera Formaeation comprises depocits fyom the Illincian

and Wisconsinan Stages., ¥Frye and lL.eonard {1952, p. 106} include the

leess of portheastern Fansas in the Sanborn Formetion.

Tilae (1931, p. 179),




FIC, 24. Typical vertlce! cliff of loese. BE side Little Plumb Croek,
NW¥ pec, 31, T. T8, R 22 E,

however, puinted ot that the loeze on valley slepes and river bottoms ie
for the most part not in its originel site of deposition.

Loese is present throughout the area studied but iz indicated in
Flate 1 only on the bluffs of Missourl River where it is 20 or more {eet
thick. The loess is uniformly fine.gralaed, reddich-brown, and forms

typical vertical cliffs {(Fig, 24},

RUATERNARY SYSTEM-RECENT SERIES

3
ooy st

Alluvial deposits are present in the valleys of all major streams,
In the bed of Missouri Eiver st Loavenwsrth the sluyvivum is over 50

fest thick (Hinds and Greene, 1917, p. 8). Terraces can be recognized
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FI1G, 25, Terrrces bordering tributary to Missouri River. At this
locality two surfaces are present above the present stream, Salt Creek,
NW gee, 3, T, 85., R, 22 E., camera facing weat,

in Stranger Creek Valley and in the valleys of many of the tributaries
to Missouri River {Fig, 25}, No attempt was mads to map these
terraces or to correlate them with the terraces of Kansas River

described by Davis and Carlsen {1952).
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SUMMARY OF SUBSURFACE STRATICGRAPHY

The pre-Lansing Group rocks of northeastern Kansas are
illustrated in Figures 26 and 27. FPrecambrian schists, phyllites, and
non-granitic gneisses formed the surface of deposition for Paleogoic
deposition beginning in Late Cambrian (FParquhsr, 1957, PL. 1). Approxie
mate elevations of the Frecambrian surface are: (1) southeast corner of
Leavenworth County, -1500 feet; (2) southwestern corner of Leavenworth
County, -1750 feet; (3) northwestern corner of Leavenworth County,
~2200 feet; {4) Leavenworth-Atchison county line at Missouri River,
~ 000 feet,

Data concerning the thickness and character of the subsurface
rocks fllustrated in Figures 25 and 26 were compiled from Lee {1943).
All units are named in accordance with Fansas State Geological Survey
usage {Moore and others, 1951). All contacts in Figure 26 are uncon-
formeble except the gradational Donneterre Dolomite-Lamotte Sandstone
contact. The Sylvan Shale is present only in the northwestern corner of
Leavenworth County (T. 7 and & 5., K. 21 E.), elsewhere the Syivan has
been removed by erosion prior to the deposition of Devonian rocks.
Slthough Silurian rocks have not been identified in Leavenworth County,
a sandy zone next above the Sylvan Shale may be & remnant of the Lower
Silurian Chimneyhill Shale that ie present in Jeflerson County, Kansas.

The rocks between the Sylvan Thale and the Chattancoga Shale have

not been subdivided in northeastern Kansas and are collectively named
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Hunton Limaestone {Moore and sthers, 1951). Caly the Upper Devonian
ie present in northeastern Hansas, The Devonlan or Mississipplan
Chattancoga Shale and the underlying Hunton are separated by an anguiar
unconiormity,

Rocks of known Einderbookian age unconformably overlie the

tancoga Shale. Unconformifies also separate the rocks of the
Kinderhookian, Osagian, and Meramecian Series, No Chesteran rocks
occur in the cubsurface of northeastern Kansas, The uppermost
Missiesippian formations, the 5t, Louls and the Ste, Genevieve Lima-
stones have a patchy distribution because of ercsion hefore the deposition
of Pennpylvanian rocks,

Eubsurface Feansylvanien rocks overlying the angular unconformity

truncating the Mississippian belong to the Desmoinesian Series. The
Sesmeinesian is composed of 3 thick series of shale, sandstone with

miner amounts of limestone belonging to the Cherckee Group and the

overlying shales and Hmestones of the Marmaton Group, Missourian
rocks, which disconformably overiie the Desmoinesian, include the
Pleasanton and Kansas City Groups, The Misscurian rocks are a series
of cyclic Imerstones and shales with minor amounts of sandstone similay

to those deecribed in the preceding section of this report,




STRUCTURAL GECLOGY

Leavenworth County is located in the Forest City Basin and on
the Prairie Plains Monocline., The development of these structural
provinces will be discugsed in the following section of this report. The
regional dip is to the west at approximately 15 feet per mile, Locally
the rocks dip up to 60 feet per mile to the northwest. No faults appear
at the surface,

Many nontectonic structures may be seen in northwestern
Leavenworth County, Sedimentary structures due to differcntial com-
paction and slump are common in the Fennsylvanian rocks., Figure 28
illustrates a small fold in the Tonganoxie Sandstone, Folding and
faulting caused by the weight and push of glacial ice may be seen at a
quarry in the center of sec. 12, T, 8 S., R, 21 E, {Fig. 29). The
erigian of the prominent vertical joints in the "blue limestones is not
known, Although the joints at any one outcrop have 2 very definite
orientation (Fig. 30), observations at several localities suggest that the
joints are randomly orientated, The apparent lack of preferred orien-

tation is interpreted to indicate a nontectonic origin for the joints,
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FIG. 30, Joints in the Leaveaworth Limestone, The angle between the
joiot systems is 70 deg. Cuarry, 5W sec, 14, T, 9 5., R, 21 £,
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STRUCTURAL DEVELOPMENT OF NORTHEASTERN KANIAS

Lee {1943) presented a detalled discussion of the gtructural
bistory of northeastern Kansas., Eecause few new data have been
gathered since Lee's report, and because a discussion of geclogic history
must be on a regional basis, the discussion in this report can be only a
brief summary of Lee's work, Most of Lee's deductions were based on
the interpretation on ieopach maps of intervals bounded by unconformities,
He assumed that the unconformities were peneplained suriaces {essentially
horizuntal planes) and concluded that isopach mape would reveal ‘much
information regarding the location and trend of structural movements . . .
and, to some degree thelr relative importance {Lee, 1943, p. 101). The
structural features of ecasters Kansas are illustrated in Figure 31,

Tectonic movomente in the subsiding Ozark Besin and rising area
in northeastern Nebrasks controlled deposition and erosion of sediments
in northeastern Kansas between the top of the Precambrian and the top
of the St. Peter Bandstone, Refore the deposition of the Roubidoux
Formation the basin of deposition was small and subject to severe local
warping, During this time northesstern Kansas was & marginal area and
warping of the basin caused the rocks to be subject te erosion and beveled.
Lee {1943, p. 104) reports three structural cycles during this time., The
firet iz recorded in the Lamotte Sundstone and the Fonneterre Dolomite;

during the second cycle the Ercinence Dolomite wae deposited on the
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FIG, 31, Principal structural festures of castern Hansas {adapted
from Lee, 1943, p. 14),

beveled edges of the Bonpeterre Dolomite; the third cycle is represented
by the Van Buren Formation and the Casconde Dolomite which were
deposited on the beveled Bonneterre and in turn beveled by pre<Roubidous
erosicu. Aftsr deposition of the Roubldoux began the area of deposition
became larger and warping in the basia wae less sevore ae indi cated by
lees variation in thickness and loens beveling of the formations, Less

marked unconformities at the top of the Doubidoux Formation and the

base of the 8t, Feter Sandstone and minor unconformities withia the
farmeations between the Noubidous and St. Peter are attributed to

retrents and advances of the sea without local warping of the basin,
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‘The north Kansas bacin and its complementary areas, the

Chautaoqua avch and the Uzark uplift, dominated the structural history
of northeastern Kansas from the end of 8¢, Peter time at least until the
end of Chatianooga time ' {Lee, 1943, p, 112}, At the end of 5t, Peter
time the 8¢, Peter Sundstone was tilted northward reversing the earlier
conditions and forming the North Xansas Basin, The Chautauqea Arch
began riging sometime after the deposition of the $t. Peter but before
the deposition of the Sylvan Shale, Distinct movements of the North
Kensas Pasin during the 5t. Peter-Chettanooga interval are indicated by
the angular unconformity between the Sylvan Shale and the overlying
Bilurizn rocks. that were completely removed in Leaveaworth County;
by the angular unconformity between Silurian and Devonlan rocks; by the
peneplanation of the Devenian rocks; and by thickness variations of the
Chattancoga Shale,

Although the first movements of the Nemuhs Asticline cccurred
early in Misslzsippian time, it was not uatil after the deposition of the
Missinsippian limestones that major movement uplifted the Nemaha
Anticline several bundred faot, Following this uplift 2ll of caetern
Eensas was peneplained., Remewed upward movernent before the
-beginning of Pennsylvenien deposition caueed several hundred feet of
dizplacement on the east side of the Nemaha Anticline, The east flank
of the Nemahes was deformied by faulting and & steep east-dpping mono~

clizal fold, Simuitaneously the peneplain east of the Nemaha Anticline



was downwarped to fora: the Cherokee Dasin, the Forest City Baein,
and the Bourbon Arch.

A Fennsylvanian deposition began the Cherckee Basgin, Forest
City Basin, Bourben Arch, and Nemahs Anticline were the major
structural features of castern Fansas, Because of the lack of good
datum planes within the Pennsylvanian section, the Penssylvenian
structural development cannot be interpreted as well from lsopach mape,
However, tectonic movements during Peonsylvanian time sre indicated by
the disconformities in the Pennsylvanian section, The Bourbon Arch
was submerged during the middie of Cherckee time {Lower mesmmém
and the Forest City Basin became a northern extension of the Cherokee
Basin, Lower Kassae ity Group rocks overlying grasite on the crest
of the Hemahe Anticline indicate that it was not submer ged until early
Misasourian time,

The last major structural movement was pre~Cretacecus tilting
of Ransas and adjacent states to the northwest to form the Frairie Plalas
Monoclise, Lee (1943, p. 128} believes that at least 2000 feet of sediment
overlying the Lansing Group were eroded subsequent to this tilting,
Recent studies by Lee {1954) and Merriam (1956) indicate periodic move-
ments of the Nemaba Anticline continuing until the present time.

Conclusions based on the examination of data collected in Leaven-
worth County can lead enly to the support of Lee's theories, Pecause only
Misscurien and Virgilian rocks are exposed {n Leavenwerth County, Lee's

theories must be tested only as they would affect these rocks., All the
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evidence indicates that during this time northeastern hansas was a low
lying structuraily guiet ares,

The rocks exposed in Leavenworth County indicate repeated move«
ments of the shore line back and {orth across northeastern Kansas, The
causes of these movements must not have been local, If the shere line
migrations were euuwé by structural activity in northeastern Kansas, it
would be indicated by the character of the sediments, shape of the sedi~
mentary bodies, and the sttitude of the sedimentary bodies, Neither the
character of the sediments nor the shape and gize of the sedimentary
bodies suggest tectonic activity, Therefore, the sequence of beds in
northesstern Hansas must be the result of eustatic changes in sea level,
The cause of the changes, whatever and whe rever it may have been, must
have been periodic to produce the cyclic depoeite of Kansas,

At least twice during the interval between Wyandotte time and
Lecompton time pea level dropped low encugh to cause disconformities
to form in northeastern Hansae, The first occurred after the deposition
of the Stoner Limestone. Following the development of the post-Stoner
disconformity a series of at least partly continental boeds were deposited
and then normal marine sedimentation was resumed, The maximum
lowering of sea level is indicated by the disconformity between the
Virgilian and Missourian Serice. At this time at iosst 100 feet of
Missourian rocks were removed by erosion. Following this ercsion, and

possibly contemporansous with it, the thick sequence of continental beds




in the L.ower Douglas Group was deposited, Before normal cyclic
sedimentation resurned the sea must bave made at least one advance
and retreat across northeastern Kansas to accoust for the marine
deposits in the upper Straanger Pormation and the coal beds in the

l.awrence Shale,
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ECONOMIC GEQLOGY

iimestone suitable for roed surfacing, concrete aggregate, and
gimilar uses is readily availabie in northeastern Leavenworth County. The
Platiemouth Limestone member of the Oread limestone is the most
commonly quarried limestone., The Stoner and Spring Hill Limestones
are guarried in areas where erosion has removed the Flattsmouth, An
abandoned quarry in the Iatan Limoestone is in sec, 3, T. 8 8., R. 21 E,
Ruonels (1951, p. 95) reported that the Farley Limestone meets the

epecifications for use as & high-cslcium limestone,

E AND CLAY

Shale and clay are not produced at present, but studies by the
Fanoas State Geological Survey indicete that they do have potential
economic value, HRunnels and others (1952, p. 179) recorded the amounts
of recoverable oil from samples of the Heebner and Zudora Shales in
nearby counties. Runnels {1949, p. 39) reported that in nearby counties,
phosphates can be extracted froam the Eudora Shale and used {or agricultural
fertiiizer. The Heebner Shale also is a potential source of phosphate,
Plummer and Hladik (195}, pp. 55.59) reported that the Vilas Shale, the
Weston “hale, the Lawrence Shale, and the Jackeson Park Shale are

suitable for the manufacture of light-weight concrete aggregate. The
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Veston Shale was indicated to be the most suitable for this purpose.
Although no commercial brick plants are presently operating in the area,

bricks are manufactured from the Vilas Shale at the Lansing Prison,

LOAL

Conl beds occur in the Douglas Group, which crops out in the
area, and in the subsurface Desmoinesian Cherckee Shale. Although no
commercial mines are operating at the present time, both the Douglas
and Cherokee coals have been mined in the past., The location of three
small mines that used to operate in the Douglas Group was recorded
by Bowsher and Jewett {1943, p., 83). Hinds and Greene (1917, p. 11}
digcussed the mining operations in the Cherckee Shale, Cherckee mines
operated in the Bevier Cozl about 620 feet below the base of the Platts«
burg Limestone, Cosal mining in northeastern Leavenworth County

ceased in 1948 when the Kansas State Prison Mine &t Lansing shut down,

Commercial quantities of oil or gas have never beea produced in
the area covered by this report. Ten dry boles have been drilled. The
lecation and total depth of these wells was reported by Jewett (1954, pp.

255« 258).
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Little i known about the ground-water conditions, and it is not
within the scope of this study to collect the data necessary for a compre-
hensive ground.water report. The Kensas State Geological Survey Ground
Water Division has only six well logs from the area studied. Three of
these six wells were dry holes. Two of the producing wells pump good
water from sandstone within the Douglas Group; the third well is located
near Missouri River and probably produces from slluvium. OCbservations
by the writer indicate that most of the wells in the county produce from

sandstone in the Douglas Group.

SAND AND GRAVEL

The only sand and gravel presently being produced comes from
alluvial deposits of Missouri River. This is 2 virteally inexhaustible
supply. Lecal gravel depositsz in the Kansan Till might be worked, but

it is doubtfyl if they are large enough for profitable operation,

A TR L S Lo T TS

SOIL

Beceuse the area is predominantly agricultural, soil is the most
important economic resource, Three types of sofl are present: glacial
and loessial soil, alluvial soil, and residual soil, All of the area has

been covered by glacial and locssial deposits, and soil developed {rom
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these deposits {¢ by far the most commen, They are commonly
yellowish-brown to light brown., Locally the glacial sell is rocky.

Alluvial eoil is present in the {iood plaine of the larger streams, Dorings
in Missouri River bed at Leavenmvorth indicate at Isast 57 fest of alluvium
{Hinds and Greene, 1917, p. 8). Residual soil is not comumon, In the
areca east of the Uread Escarpment some residual soil has developed on
the rocke of the Douglas Group. The slopes in areas where Pennsylvanien

limestone crops out are too eteep for the accumulation of residual sddl,
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SUMMARY AND CONCLUSIONS

Sedimentary rocks of Fennsyivanian age and unconsolidated
sodiments of Quaternary age sre exposed in northeastern Leavenworth
County. The Peansylvanian rocks are shale, limestone, snd sandstone
of the Missourian and Virgilian Series. Missourian rock units include
the uppermost Kansas City Group and all of the Lansing and Pedes Groups.
The Virglilan Series is represented by the entire Douglas Group and part
of the Shewnee Group., Appreximately 550 feet of Pennsylvanian rocks
are exposed., Kansan Till and later Fleistocene deposits ave present in
all parts of the area, The Pleistocene sediments ¢f northeastern Kansas
have not been studied sufficiently to make precise correiations. Recent

alluvial deposits are in all major stream valleys,

i All units of the Missourian Series above the Island Creek Shale,
and all units of the Shawnee Group below the Big Springs Limestone can
be recognized and traced throughout the area. The lower and upper

i boundaries of the Douglae Group can be recognized but the boundaries

of unite within the Douglas cannot always be located,

in this report the following limits are used to define the units of
the Douglas Group: Stranger Formation, all rocks between the disconformity
at the base of the Virgilian Series and the top of the Hasksll Lime stone;
Tongancxie Sandstone momber, all beds between the base of the Stranger

Formation and the top of the Upper Sibley Coal; Vinland Shale, all beds
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botween the top of the Upper Bibley Coal and the base of the Haskell
Limestone; Lawrence Shale, all beds between the top of the Haskell
Limestone and the base of the Oread Limestone, According to this
classification the Robbins Shale ie the lowermost member of the Lawrence
Shale, and includes all bads between the top of the Haskell Limestone and
the overlying goethite sone. The top of the Ireland Sundsione member is
not sharply defined. The Westphalia Limestone member of the Stranger
Formation and the Amazonia Limestone member of the Lawrence Shale
were nol recognised.

The reglonal structure of the arca is the gentie westerly dip
of the Prairie Flains Monocline., Small nontectonic structures may be
found., Although the mineral resources of northeastern Lesvenworth
County are presently not being used much, there ig abundant limestone
and chale that could be of great economic value,

The most outstanding unsclved geologic problems in Leavenworth
County are concerned with the Douglas Group, FPlelstocene etratigraphy,
and ground-water conditions, An organized drilling program in north.
castern Bansas would aid in the solution of all of these problems. Detailed
interpretative stratigraphic studics of more Pennsylvanian units will be
necessary before the environment of depesition and the paleogeography
of aortheastsrn Kansae can be fully understood. Although these
suggested problems are of a regional nature, much of the data leading

to their solution will come from lLeavenworth County.
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AFFENDIX

Messured sectiong in northeastern

Leavenworth County, Kansas
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EXPLANATION

thin-bedded limestone

massive-bedded limestone

wavy-bedded limestone

chert nodules
conglomerate
coal

shale

red shale

calcareous  shale

black shale

arenaceous shale
massive sandstone
cross—bedded sandstone

argillaceous sandstone
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MEASURED SECTION NO, 1

€5

Unit

Location. sec, 19, T. 8 S., R. 21 E,
South of Easton on road to cemetery

b 15
:
X
%
£
£y
£

|
i

L
¥
&

Measured by McLaren, 1957

Spri ng Brawnch

No. Feet

16 PLEISTOCENE COVER: float from Big Springs j
Limestone common,

15 LIMESTONE: dark brown on weathered surface,
gray on fresh surfaces; massive; highly fossil-
iferous, abundant brachiopods and fusulinids. 5.0

14 SHALE; gray to tan; slightly sandy; coal bed
1.5 feet below top; no marine fossils, \ 16.0

13 SANDSTONE: red to yellow; very fine-grained;
massive; non-fossiliferous, 1.0

12 SHALE: gray; sandy in part; thin-bedded and
flaky to blocky; no marine fossils, 10.0

Stuld

11 LIMESTONE: fresh surfaces blue, weathered
surfaces tan with red spots; one massive ledge;
highly fossiliferous, fusulinids, Dictyoclostus,
Marginifera, Enteletes, crinoids, bryozoans, 1.5

10 SHALE and SANDSTONE: gray to tan; mostly
shale with many discontinuous sandstone lenses;
no marine fossils, 14.0

(CONTINUED ON NEXT PAGE)
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MEASURED SECTION NO. 1 (CONTINUED FROM PREVIOUS PAGE)

Park

Jockson

KC l'C-Car— A l

l

Plalfs cnauth

Heowade

&6

Feet

LIMESTONE: gray; shaley; micaceous; does not
seem to be persistent unit. 0.8

SHALE and SANDSTONE: gray to tan to brown;
calcareous; non-fossiliferous; thin-bedded massive
sandstone lenses more common near top;

micaceous, 4.0

SHALE: gray to green; platy; slightly micaceous;
sandy; ripple -marked, 11.0

LIMESTONE: dark brown to blue; dense;
massive; highly fossiliferous; brachiopods,
crinoids, bryozoans, fusulinids, 3.5

SHALE: mostly covered; grayish-green; platy
to blocky. 11.0

LIMESTONE: gray to dark gray, weathers tan;

upper beds more massive and have darker color;

black chert with enclosed fusulinids common in

upper part; scattered brachiopods, crinoid stems,
bryozoans, ' 19.0

(CONTINUED ON NEXT PAGE)
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MEASURED SECTION NO. 1 (CONTINUED FROM PREVIOUS PAGE)
25
No. _I Feet
4|£| 3 SHALE: black in lower 3 feet, upper beds
: 2 gray; platy (black) to fissile and blocky (gray). 4.5
| i
il 2 LIMESTONE: blue-gray; massive; fine-grained;
dense; one single bed; fusulinids and brachiopods, 1.4
.2 1 SHALE: gray to brown; blocky, base covered,
3% - exposed 3.0
t
3
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MEASURED SECTION NO. 2

Location., sec. 22, T. 8 S., R. 22 E.

Limestone,

“Tor oxto

A

I
l

I

LQW"!.V\C'

!

Measured by McLaren, 1958

LIMESTONE: light to dark gray on fresh and
weathered surfaces; wavy-bedded; brachiopods,
fusulinids, crinoid stems,

SHALE: yellowish-green to green; clayey;
blocky; barren, *

SHALE: black with scattered white layers; fissile;
platy; hard; phosphatic nodules; ledge former;
conodonts,

LIMESTONE: light bluish-gray; hard; dense;
one massive bed; vertical joints; fusulinids and
brachiopods.

SHALE: grayish-green to gray to tan; flaky to
blocky; barren; mostly covered,

LIMESTONE: brown on weathered surfaces,

light gray on fresh surfaces; algal; thin wavy beds,
weathers vuggy; clams and snails, (This algal
cap on the Toronto Limestone is not common in
northeastern Leavenworth County. )

LIMESTONE: brown on weathered surfaces, light
gray on fresh surfaces; massive; dense; abundant
fusulinids, brachiopods, crinoid columnals,
bryozoans,

SHALE: bluish-gray; flaky to blocky; scattered
sandy beds; barren; base covered. exposed

Road cut on U, S, 73 at Government Hill, west
of Leavenworth, Type locality for Leavenworth

Feet

2,0

3.0

2,0

1.9

13.0

2,0

4.6

10.0
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MEASURED SECTION NO. 3

Il \Il‘

\
\

i

Vinlawd

Tovnaanoyrie (T}E:‘r Sibley

st

-3
bl

Location., sec. 36, T. 9S., R. 21 E,

8% Northwest of Hyde, about 1 mile

1= * Measured by Bowsher, 1942

F
N SOIL.

LIMESTONE: light brown; finely crystalline;
argillaceous; brachiopods and clams,

SANDSTONE: light brown; fine-grained; illitic;
shaley; thin-bedded.

SHALE: light brown; silty; illitic; arenaceous
dark gray concretions,

SHALE: medium dark brownish-gray; illitic.
SILTSTONE: calcareous, massive, illitic,
COAL.

SHALE and COAL: interbedded,

SHALE: dark gray; silty; illitic; interbedded with

brown sandstone near base of section.
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3.0
15.4
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1.2

0.6
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MEASURED SECTION NO, 4

Unit

Location, sec, 4, T. 8 S., R. 22 E,
Up and downstream 150 feet from bridge
$— over Plumb Creek,

Measured by Bowsher, 1942

Haskel)

13 SILTSTONE: light steel gray; clayey.

12 LIMESTONE: dark steel gray; very thin-bedded;
medium crystalline; crinoidal,

11 LIMESTONE: dark steel gray; thin-bedded;
crinoidal,

10 LIMESTONE: light brown; argillaceous; irregular
bedding; hard; Marginifera, Dictyoclostus, other
fossils,

9 CLAY: brown; very calcareous,

8 SHALE: dark gray; clayey; basal 1 foot grades
into light gray silty shale,

7 SHALE: dark blackish gray; calcareous; inter-
bedded with limestone (argillaceous, dark gray,
hard),

6 SHALE: dark blackish gray; clayey, blocky in
upper half, base grades into coal; molluscs,

Vinland

(CONTINUED ON NEXT PAGE)
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Feet

3.0

1.5

2,8

2.4

0.5

12,0

16,8

18.4
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Tonganoxie

No.

SECTION NO. 4 (CONTINUED FROM PREVIOUS PAGE)

COAL,

SANDSTONE: light steel gray; clayey; quartzose;
lignite fragments, v .

SHALE: light steel gray; siity} ma.riy li‘gnitle |
streaks and carbonized plant remains,

SANDSTONE: gray; very fine-grained; shaley
and clayey; minor amounts of lignite fragments,

SHALE: lxght steel gréi, siity. ‘céntainin‘g |
irregular sandstone bodies which are fine, steel

gray, nodular, and filled with many lignite streaks
and plants,

9t

Feet

1.5

1.0

0.9

1.1

1.3

R TR T




Unit

(Ong\nv\o xie

WesTow

MEASURED SECTION NO. 5 92

Location. sec, 35, T. 9S., R, 22 E,

On south side of stream, can be seen from

road

Measured by McLaren, 1958

SANDSTONE: tan to rust colored; appears massive
but cross bedding seen in close inspection; fine-
grained; ferruginous,

SANDSTONE: thin-~bedded, not cross-bedded;
many laminae of black carbonaceous material;
fresh surfaces gray, weathers tan,

SANDSTONE: tan; ferruginous; fine-grained;
cross-bedded.

SHALE: gray; laminated; platy; grades into sand-
stone below; nodules at the top,

SANDSTONE: gray to rust-colored; similar to
unit 7; grades into shale above,

SANDSTONE: gray to rust-colored; massive;
poorly cemented; fine grained; thin shale break at
top.

SHALE: gray; blocky, clayey; barren; top 0.5 feet
alternating laminae light and dark gray shale;
upper contact sharp with considerable relief;
base covered, exposed

Feet

25,0

0.5

1.7

2,3

1.9

30.0
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MEASURED SECTION NO, 6

Unit

93

No.

Location. sec. 3, T. 8S., R. 22 E,
Abandoned quarry along Mo, Pac. RR.,
walk south 1/2 mile along tracks from
section line road.

Pleistecene
*

Measured by McLaren, 1958

Ta \‘54\'\4)‘.\ e

No. Feet [

w . 3 PLEISTOCENE COVER: till overlain by loess 30.0 i

2 SHALE: light to dark gray; clayey; blocky; no
' fossils; many yellow streaks parallel to bedding;
thin black layer at top (0.2 feet). 4.0 1";5{‘:
ot e
‘1 LIMESTONE: light to dark gray, mottled appear-
ance, reddish in part; appears brecciated; much
crystalline calcite (calcite veinlets run in all
directions and give weathered surface rough texture); i
45" - hard; few scattered brachiopods and crinoid stems, :
algal; base covered, exposed 12,0 s

Totan |

YT

(outcrops 1 mile northindicate this limestone is at
least 14 feet thick)
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No.

Unit

Pleistoce ne

MEASURED SECTION NO, 7

Location, sec, 23, T. 9S., R, 22 E,

west along stream from section line road.

I

i

|
|
|

i

LW estown
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Measured by McLaren, 1958

94

South side Seven Mile Creek, walk 1/8 mile

Feet

COVER: locally the Tonganoxie Sandstone exposed. 30.0

SHALE: dark gray; medium hard; platy, very slick

when wet; many limonite streaks, barren, .

LIMESTONE: tan, weathers reddish-brown;
shale parting in middle; earthy; Hustedia, crinoid
stems, high-spired gastropods.

SHALE: same as unit 5

MUDSTONE: dark gray, yellow on weathered
surfaces; flagstone-like nodules; conchoidal
fractures; ferruginous; dense.

SHALE: same as unit 5, base covered, exposed

(top of Stanton Limestone approximately 10 feet
below base of section)

-~

15.0

1,2

5.0

9.7

"

il
Il
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- 95 K
a= MEASURED SECTION NO, 8 <
> o
Location, sec, 18, T. 9S., R. 23 E, J }“‘
Quarry section north of K-5 and 1 mile “ i e
north of State Prison quarry. This quarry r
X recently re-opened, | L
Measured by Ball, 1957 ‘ i

i

No., Feet :

5 Alternating silty gray-tan and blue-gray shale and
even-bedded micaceous sandstone beds; sparse
plant remains in sandstone; discontinuous are-
naceous limestone beds are random levels in quarry
walls, 9.0

Rock Lake

4 CONGLOMERATE: limonite and limestone
pebbles in lime matrix; not continuous in quarry
wall, 1.0

3  Alternating olive drab to blue-gray silty, clayey
shale and fine-grained sandstone or siltstone beds;
variable thickness, 4.0

d

|k
IR e
“ &
{
H w
i1
i -
i {1528
1!
1A Fe
i1
I b
%% 2
| i
I

2 CONGLOMERATE: gray to brown; ironstone and
limestone pebbles, brachiopod, clam, crinoid,
and fusulinid fragments in a lime matrix, 1.0

S-\—O“\QV'

1 LIMESTONE: gray to buff; thin irregular beds; 8
fine-grained; compact; Composita, Marginifera, |
Neospirifer, Punctospirifer, Juresania, fusulinids, |
high-spired gastropods, crinoid fragments; thick- it
ness variable because of hummocky top surface 1
that has 2 to 3 feet of relief within the quarry walls;
base covered, \ exposed 8.0

DS W (P00 on (02 e i £ wa

A
=
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Unit

ﬁoc X Lakl;\

MEASURED SECTION NO, 9 ag

Location. sec, 20, T. 9S., R, 23 E.

Kansas State Prison Quarry

labﬁa‘n\ Cret\(] Evdora

Vilas

Measured by Ball, 1957

16

15

14

13

12

11

10

Feet
PLEISTOCENE COVER
SHALE: gray to tan; flaky; silty. ' 3.0

CONGLOMERATE: limestone and limonite
fragments in a limy matrix, 1.0

LIMESTONE: gray-blue to tan; thin irregular
beds; fine-grained; abundant crinoid fragments,
Composita, Dictyoclostus, Hustedia, 11.0

SHALE: gray in lower 0.4 feet, black and fissile
in next 1.4 feet, gray and platy to flaky upward in
upper 2,0 feet; Ozarkodina, 4.0

LIMESTONE: blue to brown on fresh surface,

weathers brown; single thick even bed; extremely
fine-grained; brittle; Composita, Enteletes,

Juresania, fusulinids, 2.5

SHALE: gray to tan; flaky to blocky; silty and
clayey; seemingly barren, 25.0

(CONTINUED ON NEXT PAGE)
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MEASURED SECTION NO. 9 (CONTINUED FROM PREVIOUS PAGE)

o'c
22

10 No. Feet

9 LIMESTONE: gray to brown; thin to thick and [
slightly irregularly-bedded; fine-grained; compact; | [
Bellerophon, Composita, Enteletes, Linoproductus, , Fi
Neospirifer, crinoids, echinoids, fusulinids,
fenestrate and ramose bryozoans; crystalline Bl
calcite, 11.0 ; :

Soring HW

&8 SHALE: gray-blue; flaky; seemingly barren;
lower inch of unit red-brown, 0.6

LIMESTONE: gray to brown; slightly irregular

bedding; Osagia, foraminifera, brachiopods,

crinoids in lower 0.4 feet; upper 0,6 feet 2 codular,
shaley limestone with crinoids. 1.0

Merriom[PickoryCreek]
-

6 SHALE: gray to tan; flaky. 0.2

5 LIMESTONE: gray-blue on fresh surface, itk
weathers tan; single even bed; fine-grained; i :
compact; Composita, Myalina middle and lower
parts, 2.0 '

i
P

Bownner Serinas

4 CONGLOMERATE: brown; chyvand limestone
fragments in a limy matrix; Aviculopecten,
Composita, crinoids; thickness variable, 0.9

IR

3 SHALE: gray to tan; blocky; contains
ferruginous limestone nodules, 2,8

o

2 LIMESTONE: gray to tan; thin-bedded; shaley;
barren, ' 1,2

1 SHALE: gray-blue; blocky; calcareous; lower
contact covered, exposed 3,0
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MEASURED SECTION NO. 10 g8

Location, sec, 29, T. 9S., R, 23 E,

Along drainage ditch east from highway K-5

Measured by Ball, 1957

Vilas

14

13

12

Feet
PLEISTOCENE COVER,
LIMESTONE: gray-blue on fresh surface,
weathers buff; brittle; Composita, Meekella,
fusulinids, crinoids, 0.7
SHALE: gray-green; blocky; clayey, sterile, 4.0
LIMESTONE: gray-white on fresh surface,
weathers buff; highly weathered in upper part;
partly covered; brachiopods, crinoids, fenestrate \
bryozoans, 14.0
COVERED INTERVAL, 7.0
LIMESTONE: gray on fresh surface, weathers
buff; fine-grained; Dictyoclostus, Echinoconchus,
Marginifera, crinoids, echinoids, fenestrate
bryozoans, 1,8
SHALE: yellow; blocky. 0.3

LIMESTONE: blue on fresh ;urface, weathers buff;
extremely even, could be used for dimension stone;

profuse Composita, 1.0
SHALE: gray to tan in lower part, yellow-green

in uppermost part; blocky, clayey; seemingly

barren, 19.0

(CONTINUED ON NEXT PAGE)
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MEASURED SECTION NO. 10 (CONTINUED FROM PREVIOUS PAGE)

Unit

o
Z

No, ] Feet

11 LIMESTONE: gray on fresh surface, weathers buff;
thin irregular beds; Composita crust caps unit, 1.7

Vilas

10 SHALE and LIMESTONE: two thin shales and a
brachiopod-bearing limestone blue-gray in color, 0.6

9 LIMESTONE: blue-gray to tan; thin irregular beds;
detrital Osagia, foraminifers, brachiopods, crinoids,

":i echinoids, ramose and fenestrate bryozoans;
abundant crystalline calcite, 6.0
<l
£
& 88 SHALE: brown; seemingly sterile 0.4
7 LIMESTONE: light gray-blue on fresh surface,
weathers buff; thin, irregular beds, fine-grained;
2 Dictyoclostus, Marginifera, crinoids, echinoids,
412 ramose and fenestrate bryozoans, 3.5
s &Y
£
|4 £ 6 SHALE: gray-blue on fresh surface, weathers tan;
— L flaky; abundant Crurithyris, echinoids, 0.5
x .
53 5 LIMESTONE; gray to tan; even-bedded; compact;
’i-::— Osagia, fusulinids, echinoid spines, 0.5
= "4 LIMESTONE: gray to tan; even-bedded, fine-
== grained; compact; Echinoconchus, Juresania,
= Marginifera, fenestrate bryozoans. . 1.6

3 SHALE: gray to tan; locally black; platy to blocky;
clayey; blocky and red in upper portion with cal-
careous nodules, _ : 24,0

Sp\mas

2 LIMESTONE: gray on both fresh and weathered
surfaces; single even bed; highly detrital; abundant
Osagia, sparse Myalina, Marginifera, Neospirifer, 0.6

BO Nwaer

1 SHALE: gray; poorly bedded; clayey, very profuse
Myalina, 1.0

0 LIMESTONE: gray to tan on fresh and weathered
surfaces; even-bedded; highly detrital; Osagia-
oolith banding; abundant Myalina, Aviculopecten,
Septopora, Linoproductus, high-spired gastropods;
lower contact covered, exposed 2.6

Farley




R x SR oy At 2 N
8
.
i < IUDAjASUUS
waiskg]  Kiouiaipnp WoysAS DDA 2 S R %
j £ , $3148 uDI4NOSSH
< UERELY 9uU3204S13|d s3aLRs e ; o : uDi1baIA ‘ 0 g o 3 : mgq 5 a. INE ey e S
W dnoi9 99UMDYS : dnoug ~ soibnog e ~ dnoug aapad i dno.g MIgED _|9nouy A1D SDSURY
_ n 52 2 o 5 “oo S e S o =~ 5 8% |22 (Bt |
© 1) 5 o 5 = s © e 5 @ 5B c 9 o § a5 4= o8
<7 €8 g 2 L z 5 S [Sh- 47 = E >0 leg g BeICE
¢ ¥ 3 2 5 5 S E S =5 [ = » = BE |@ 3% [>=
Q = ) L el oL ! :
£ AR i % - ,
2 = 2 = : Mt | R e E L e .
. SR ‘ é < b e A 15 P P % Al\\v
! P 3
= S Eo OF Bovl et e e O |3 ‘ Ta.. & BRI
S = |6 g B EiR S GEtiee R So & & 96e x 32 208 = 57 G 8
= n" x e = @ =i D ! B = =
~/«JJ MJ = maznm = = W w8 3 .5 = 5 Wg ol ol o 2 |m 3 . O x N,M V.C
~ 2 e = -E U 7o) * S g S o C < - s he) E eSS o = ® -©O o 5. &> P
i =2 ” 153 5, O & I 7} co @ c 5 o c 0 w9 20 o x (o (=S S
= Q = 3 CRE Ty = o x o AE e e = ) 5] 25 SRS e & c 5% o ©b el = NE
i = hem dlessalBie SiEn Bl piBi 4B 2 (5 NG T 3 S = e e & T2 Y
= ¢ 4 [ —_ |
vy m S ¢ w J ‘ X Q_un.. 99} N (&) J X HH_ a 0 et | (9] ; : :_ ...M_... ) A_“.. . , s .._.—_:_ :T_:_.o;-.: # / P ,: __ ‘ __ | _x_ ’ ;,;’ |
S sy 4D . : : :n:__:.. ;,; 1:;{: f~ : o KPR : AietH DAY - ::_ :_:: _x:/j :, _
~ N P —- — HLL e “” ﬂ*~ * A “.“.. bl e —— e /d— F.’—.—. Sl __ — :X—;—# ﬂ
S P ; 15 LR CRL S ;aﬁl:;i. . | iy :t _
RS Q iy j S LS : et Ll 11 bl LD ;
e i1}
N : _
= = _ S o
Q S L & o 3
r (Y] [ 2]
e T A I T i e R [ _, o 5 ,
aﬂu ﬁ 3 [ SEEaEE5E Y _ % - SR
| — f e EEEr s laals] 5 %4 (o} o = Mru m m o o
O S S| SIH & o & a _
L~ S 5
f=isls N b Siats e BRI SNSRI 2a) SN NN
= <
5 &
.ml o N & )
o > Ot 1y R
S = N ey B ;
& Al )
& a —~£ S wi
0 o HL1HON andl & 1§ e
LS
TR » 2 S 3 oy
= o e = 5 53 o
= o 1 Q >
O S S 2 3 £, 8 ot
S g = 2 & © B .
A (%) e )
) e e o S 3 £ ‘ =
v o o 9 e ) Q = % \\ 5
0/ D =0 B i) @ m o o @ 9 < v =
VA S EREET Wy wm 3 g o onv....m,dwb \ o 3
< i EOG LB o v 38§ Al = el
0! = bnw 7} o muvnﬂ.u (BT8Rt ““ G oo B Mw Q c = O &
S 3% £29585255 48§ 809 B2 E £ 28 8 ¢35 =
W. =T Om=E=xv KOO N OO w, (IR R R R RIS R o "
R =N | ’
S M < i 9 .
S ek
AN g [ | &
) Ay + il S
- | 3
; m O
| S
)
: W
w N
2
: L1
0
N =
N D =
3 e rl.,!,.llﬂ»,.lnlﬂ,w,).lé.(“ e
! @k@
> = , : %) *
04 z 3 NN NN =~ S
2 = 3= I8 | ,
¥ 2 mm M . =
= (e vl W o
= W u a o .
»n . L
] it = a
x , zZ
% O
W n
>
- S S S S
w N
=l
L)
N
: o
il
W
{

COUNTY

T
b

wt

§

1

o

)

T
et

ATCHISON

Fiis

R.2Z1E,

GEOLOGIC MAP OF NORTHEASTERN LEAV




Qread
Megacyclothem
N
Stull Sh.
Clay Greek Ls.
i€
n
2 Stanton
s Megacyclothem
5
X
—X— == g
:_:_5::_—: Lecompton Ls. (] 5
—=== Jackson Park Sh L Coeltiem A
et Spring Branch
D — = Plattsburg Stull Sh.
_—:—_-:\-__ 3% Megacyclothem
Y
Z23 Kereford Ls. '
g‘_\s___ 7 o P A Cyclothem E
= 106 Clay Cr. Ls.
¥ :E;tngi; Heumader Sh. pem e
== o
== : j = s
- South Bend Ls. » [ | £ |Jackson Park Sh.E
‘ a- J O
i _§ || X Cyclothem D e
- Rock Lake Sh. 2= Kereford 2
€ | _ Plattsmouth Ls. | =
& >
LT—\\_W N 50 Kereford Ls. & cé;
e Stoner Ls. _‘I’j Heuroder SF o
o L
l <
S © Spring Hill Ls. 4 |Plattsmouth L Cyclothem ¢  ©
Heebner Sh. é — el s a b faEmenn g
Eudora Sh. p= foe e . Heebner Sh
' g Hickory Cree : [ [eqvenworth s s
Leavenworth Ls. Captain GCreek Ls. * Merriam Ls. s Cyclothem B
(¢}) o
B = |Snyderville Sh. Leavenworth
s ®
»
@) ot Toronto Ls
Snyderville Sh. = Cyclothem A
o
D2 Lawrence Sh. Toronto
=
o
@
Torerignt A. Virgili d M [ loth i theast L i ©
. Virgilian an issourian  megacyclothems in northeastern eavenwor ounty, Kansas. Each  column B Typical Sh
X represents  one megacyclothem. The letters A,B,C,D, and E indicate individual cyclothems. Litho— : T:Z :umbers awlr-\ieg ?,:Z:Jp t megocy;lothemf.
= logic symbols are explained in Plate I. (Modified from Moore, 1949). : o i
= an ideal cyclothem. (Modified from
—= Moore, 1936).

p
|

Sh.

|——~—— Lawrence




	KGS OFR 58-3 BIG SCANS
	20230210_0133
	20230210_0135
	20230210_0136
	20230210_0137
	20230210_0138
	20230210_0139

	KGS OFR 58-3.pdf
	KGS OFR 58-3.-4.pdf
	KGS OFR 58-3.-3.pdf
	KGS OFR 58-3.-2.pdf
	KGS OFR 58-3.-1.pdf



