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ABSTRACT

Contours on the Precambrian surface and subsurface lithologic
and stratigraphic correlation of the Lower and Middle Paleozoic

rocks in Pottawatomie County, Kansas._reveal two distinctive

‘northeast-southwest oriented zones of displacement along the east

flank cf'the Nemaha Anticline; they join at the northeast corner
of the study area. The major.displscemént occurs along the eastern
zone that correlates with the trace ofmthe Huﬁboldt Fsult.

Near surface and surface_Permisn4Pennsylyanian strata dip
four to five degrees to the southéast in the viciﬁit} of the
‘subsurface faults but show no evidence of féulting. Although the
mainfchannel of VermillioniCreek pérailels the trend of the subsurface

Humboldt Fault, detailed stratigraphic and lithologic correlations

~across, and in vicinity of, Vermillion Creek reveal no evidence of

displacement. However, the elohgated, relatively straight pattern
ofvdrainage network of the area may suggest the possible occurrence
of wrench-faulting in the subsurface.

The east flank of the Nemahs Anticline was subjected to intensivs
tectonic movement resulting in subsurface faulting in Late Silurian
or Early Devonian through~Mississippian times. The gentle dip of
Upper Pennsylvanian and Lower Permian strata in vicinity of the
subsurface faults near and‘at the surface suggest that movement
along the east flank of the Nemaha Anticline continued but with
a very low 1nten51ty.‘caus1ng only develpment of gentle folding

of the units overlylng the subsurface Humboldt Fault.
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INTRODUCTION

Subsurface and even surface faulfing along the east flank of

the Table Rock Anticline or Nemaha Anticline has been reported by
Condra (1927), Lee (1943), Jewett (1951), Kotoyantz (1956), and
Merriam (1963). Condra (1927) first named and described the structure
in Nebraska as the ﬁHumboldt Fault-the steep dip of the beds on the
east flank of the Table Rock Anticline passes into a fault at
places; The maximum displacement is'just northwest of Humboldt
where there is an up- throw of more than 100 feet on the west. "
Condra and Reed (1943) showed the fault extendlng into Kansas and
1ndlcated 1nterm1ttent exposure of faultlng along the east flank of
the Nemaha Antlcllne throughout much of 1ts length in Kansas (Fig. 1).

The purposes of this research were to study the Humboldt Fault
both in the subsurface and at the surfaoe in Pottawatomie County,
Kansas. Also to be determined wasdthe correlation betweeh.subsurface
and surface structure along a 2one ih which movement along the
Humboldt Fault might be. expeected to have an influence on the
structure of the overlying sedimenfary rocks. Finally, I wished to
determine the time of most recent movemenf along this trend;

This investigatioh was confined to an area trending northeast-

southwesf in Pottawatomie County, Kansas, on the east flank of the

Nemaha Anticline along the eastern margin of the Flint Hills (Fig. 2).
RECENT INVESTIGATIONS

"Koons (1956) described displacement in the subsurface rocks

along the Nemaha trend ranging from 945 m (3100 feet) in Nemaha
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County to 259 m (850 feet) in Chase County, and assumed that this
displacement occurred as late as post-Mississippian time throughout
the entire length of the Nemaha Antiéline. However, he concluded
that a fault origin for this displacement is inferential and not
proved beyond doubt. |

Ratcliff (1957) studied the surface structure in the extreme
northeast part of the Pottawatomie County. Kansas. He concluded
that: 1) The Humboldt Fault is visible at the surface and represents
the last major strﬁcturalimovement of the east flank of fhe Nemaha
Anticline, this occurring as early as post-Wolfcampian time. 2)
The. fault has a vertical displacementjdf slightiy over 30.48 m
(100 feet) with the'up-thrdwn'éiderpn the west. 3) The fault
strikes north 20 degrees'easf_(N 20 E) and parallels the crest of
the Nemaha Anticline. | |

Konig (1971) constructéd a magnetic.profile across the Nemaha

Anticline and adjusfed that profile’tb the configuration of the

Precambrian basement; He showed that two normal faults are present
in the Precambrian_rocks'and bofh ére upéthrown on the west but
differ in amount of dispiabeﬁent.llt'is_the eastern of the two
faults that is associated w1th the major. dlsplacement of the rocks

‘on the east flank of the Nemaha Anticline.
PROCEDURES

"Available logs of deep and shallqw wells were used to define
the subsurface distribution of the Paleozoic rocks through the

problem area. These well logs are filed at the Kansas Geological




Survey in Lawrence and at the Well Sample Library and Kansas
Geological Society Library in Wichita.

Detailed observation of aerial photos and study of the stream
patterns both on photos and topographic shéets of the area of
investigatidn were conducted. Stream patterns could be controlled
by the fault and indicate time and'piace of most recent movement.,
Field work was done to locate énd céfrelate exposed sedimentary
strata. Sections were measured carefully and the strike and dip
of the strata Were recorded. The afea had been mapped by Scott,
et. al. (1949),>and this aided in recognition of the rock units.

STRUCTURAL FEATURES

The most promineht subsurface feéture in this area is the
,Nemahé Anticlihe. The anticline, underlain by Precambrian rocks,
is named for Nemaha County, Kansas.(Léé, 1943). It extends across
the entire state of Kansas in a genefélfdirection of S 20 W. The
Nemaha Anticline exhibits- an asymmebtrical cross-section with a
much steeper side to the east.

The steep eastward-dipping sediﬁents_Which constitute the west
| flank of the Forest City Basin are cut by the fault. The Forest
"City Basin extends from northéastern Kansas into southern Nebraska,

Missouri, and Iowa. It is an asymmetrical basin with the deepest

part on the west, adjacent to the Subsurface'Humboldt Fault.



GEOLOGIC  AND STRUCTURAL HISTORY

The area under investigation is:part of a large tectonic
‘province of North America called Central Stable Region (Moss, 1936).
Prior to accumulation of the Paleozoic rocks, the surface of the
Precambrian basement underwent extensire erosion., Subsequently
Pottawatomie County and adjacent areas were the site of deposition
of rocks ranging from Cambrian to Permian age. Periods of erosion,
foldihg, and faulting occurred at~intervals'thr0ughout the Paleozoic.
During Late Cambrian and'Early Ordovician time a marine environment,

prevailed in the area and merine sediments were deposited. At the

end of this period a major sfructurai movement asSociated with
exten31ve erosion occurred (Lee, 1956) The erosion is documented
"in the subsurface by the weathered surface of the Arbukle leestone
of Cambrian—Ordovician~age As a result of this structural movement
Pottawatomie County and adjacent areas were subgected to general
.upllft (Jewett and Merriam, 1956)

' The rise of Nemaha Anticline was initiated in the Early
Mississippian and culminated at the end}bf this period. During
this time major extensive erosioh occurred. The erosioh is revealed
in the subsurface by. the weathered surface of the MlSSlSSlpplan

Chattanooga Shale. Movement contlnued through the Middle Permian

but with less magnitude than in previous time.

According to Lee (1943), regionalvtilting snd erosion were two
uhajor processes}active duringiMesozoic time. Westward tilting of
the Permian-Pennsylvsnian rocks occurred during pre-Cretaceous

time. No rocks of Mesozoic age are preseht'in Pottawatomie County.




Tilting and erosion continued through the Tertiaryvperiod and -
the present eastward slopé of the surface rocks developing during
that period (Jewett and Merriam, 1959)}

During the Quaternary, Kansan glaciation extended as far south
és the Kansas River and as far West as .the Big Blue River (Frye
"~ and Leonard, l95é). formihg thé thick depaéits of glacial drift

which to,é 1arge'degree maskAthe bedrocks.
STRATIGRAPHY

Precambrian Rocks.

Buried Precambrian rocks in the.éréa of investigation consist
predominantly of granite with mihor metamorphic rocks (Merriam,
'Cole..and Hambleton;‘1961).fThe Shallowest‘kﬁown Precambrian rocks
in the study area occurs in SE SEI.SW. Sec. 29, T. 8 S., R. 10 E.,
where thé.basement surface rises_to70.304 m (one foot) above sea
- level at a depth of 351.5 m (1153 féet): the deepest occurrence
is in NE NW SW, Sec. 29, T. 8vS.,'R. 12 E., where the basement
is 713.& m (2340 feet) below sea level (1058 m or 3470 feet below
the surfacej. o . '

Paleozoic Rocks.

- The Paleozoic sedimentary'sequence'consists_of.a number of rock
units_whidh arevessentially'horizéntai and parallel to one another.
'Paleozoic rocks in the study area are nonconformable on the
Precambrian basement-rocké and are overlain unconformably by
Quaternary sediments of Cenozoic. Within the Paleozolc, major

unconformities occur between Upper Pennsylvanian and Mississippian



rocks and Mississippian—Devoniah‘units from the older Paleoioic
rocks. The Paleozoic rocks mainly occur in the subsurface. Exposed

units range in age from Pennsylvanian to Permian in addition to

the Quaternary deposits. The Paleozoic rocks include marine limestone,

dolomite, shale, andvsandstone. Minor coal beds, black shale, aﬁd
evaporites are also present in the‘cyclcthsmic Pefmian—Pennsylvanian
rbdks._Thickness'of the PaleozoicAfOCks in the study area range.
from 31k m (1030 feet) in SE SE SW, Sec. 15, 1. 8 S., R. 10 E.,

Where the Cambr1an-0rdov101an age Slmpson Group is overlain by

‘.Pennsylvanlan Kansas Clty Group, to the maximum thickness of 701,2

m (2300 feet) 1n NE NW SW, Sec. 29, T 8 S., R. 12 E., where almost

all representatlve Paleoz01c strata are present.

Cambr1an—0rdov1c1an‘Rocks. The Cambrlan-Ordov1cian'rock3'
nonconfprmabiy overlié the Precambrian basement complex..Théy

consist mainly of dolomite but contain some limestone, and shale.

The thickness of these rocks range from a few meters up to 426.6 m

(1400ffeet).

Silurian-Devonian Rocks. Rocks of Silurian-Devonian age are
ﬁredominantly composed of limesfone»and’dolomite. These rocks lie

unconformably below the Mississippian and unconformably on

Ordovician deposits. The term "Hunton Group" refers to these

undifferentiated deposits. The thickness of the Hunton Group ranges

from 4b7.5 m (150 feet) to almost 182.9 m (600 feet).

- Mississippian Rocks. The lower Mississippian rocks consist of

a sequénce of shale ("Kinderhook Shéle") which is overlain by a

limestone sequence. Mississippian rocks are completely absent on

8



west side of the faults that parallel the east flank of the Nemaha
Anticline (Fig. 6). The thickness of the Mississippian rocks
attains a maximum of 128 m (420 feet) on the east side of this

trend.

Pennsylvanian‘Rocks{ In the:area of study the Pennsylvanian
rocks cover sediments unconfermably and are in gfaditional contact
with Permian deﬁbsits. Lower'and Middle Pennsylvanian deposits
are absent}at the crest of the Nemaha,Anticline,-having been eroded
dUring upliftvand erosion. The.PeﬁnsyIQanian deposits are formed
under cyclic cenditions; each cycle eoheist of marine limestone
and, shale, alternating with nonmariﬁe'clastic deposits (Lee, 1954).

The Upper Pennsylvanian Wabaunsee Group is the only Pennsylvanlan
dep081t that crops out in Pottawatomle County. It is exposed parallel
to the crest of the Nemaha Antlcllne along the northern tributaries
of Vermllllon Creek. The thlckness of the Pennsylvanlan rocks range
from about 244 m (800 feet) to some’ 609 m (2000 feet).

The Wabaunsee Group eontalns shale with interbedded thin
‘limestones, local sandstone lenses and thin coal beds. Most of the
shale units are similar and are'meinly_characterized by gray to
tan-gray limonitic shale. Generallyvassociated‘are one or more
thin-bedded silty or sandy variegated shales interbedded with
layers of tan or gray sandy limesfone._The limestones are light
gray to brownish in color, slightly crystalline, blocky to thinl
bedded. Some, including the Tarkio, Maple'Hill. and Dever Limestones,
show a great concentration of fueulinids. Thickness, location in

the sequence, fossils, and lithology are the major characteristics



for identification of the various units of the Wabaunsee Group.
Channel sandstones are abundant in almost all shale units (Mudge,
1956). The thickness of the Wabaunéee Group ranges from 76 to 152
m (250 to 500 feet). It is thinner at the crest of.the Nemaha
‘Anticline than to the west of this trend (Merriam, 1963). The most
distinctive limestone units that are present in this area are:
Reading Limestoné Member ofAEmporié Limestone. Tarkiq and Maple
Hill Limestone Members of Zeandale Limestone, énd Dover Limestone

Member of Stotler Limestone.

Permian Récks. The only Pérmianvdeposits that are present in
Pottawatomie County are of_the Wolféémpiah-Sefies and belong to
thé following three‘groups (in'ascending.order): Admire, Council
Grové, and Chase. Their thickness‘ié about 244 m (800 feet)
collectivelj.-Lower Pefmian rocks formed under conditions similar
to thoseiof the Upper Pennsylvanianfdeposits described earlier.
Thus, alternating shale and limestohevare'expecfed as a common
feaﬁure in Wolfcampian Séries. | |

The Admire Group isAcomposed-§f shalevbut includes some limestone
beds. The Fall City aﬁd Five Point Limestones are recognized both‘
in logs and surface,

The Council Grove Group ﬁhderlieé the Chase Grbup and conformably:
overlies the Admire Group. Like thebAdmire Group it consists -
chiefly of shale but the limestones are relatively thicker. The
limestone units contain chert and varicolored shale units. The
most distinctive limestone units that are present in fhe'study

area are: Cottonwood Limestone Member of Beattie Limestone, Neva

10



Fig. 3. The Permian-Pennsylvanian rocks exposed
' -in the area of investigation. (From Kansas
Geol. Survey Bull. 189, Plate 1). :

i
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Schroyer Ls. Mbr.

Havensville Shale Mbr,

Wreford Limestone

Threemile Ls. Mbr.

Speiser Shale

Funston Limestone

Biue Rapids Shale

Crouse Limestone

EXPLANATION

Easly Creek Shale

Middieburg Ls. Mbr.

Eiss L|mestone Member

_Hooser Shale Member ]

Bader Limestone

Sandstone or sand

Stearns Shale

Morrill Limestone Mbr.

Undifferentiated sandstone
or siltstone

- Slltstone

Cross-bedded sandstone
or snltstone

- Shale or claystone

' IIIIII Gypsum or anhydnte

é //
% leestone

Cherty limestone

Houchen Cr. Is. bed

%ﬁé

E Coal or lignite

Stormont is. bed

Soldier Creek Sh. Mbr.

Burlingame Ls. Mbr.

Bern Limestone

"Silver Lake Shale Mbr.

. Rulo Limestone Member

12 Elmo coal bed
: , Cedar Vale Shale Mbr.

- Scranton Sh_ale

[=9
Florena Shale Member - Beattie Limestone g
Cottonwood Ls. Mbr. ' <
~ 2
Eskridge Shale e
(o]
Neva Limestone Mbr. =
Salem Point Shale Mbr. g
Burr Limestone. Mbr. Grenola Limestone 3
Legion Shale Member ) '
- Sallyards Ls. Mbr.
- Roca Shale ’
Howe Limestone Member
Bennett Shale Member Red Eagle Limestane
Glenrock Ls. Mbr.
‘ S Johnson Shale
Long Creek Ls. Mbr. :
" Hughes Creek Sh. Mbr. Foraker Limestone
Americus Ls. Mbr.
Hamlin Shale Member Py
' Janesville Shale | o
. S
Five Point Ls. Mbr. ' i
West Branch. Shale Mbr, e
: ' Falls City Limestone E
. Hawxby Shale Member <<
Aspinwall Ls. Mbr. Onaga Shale
Towle Shale Member .
Brownville Ls. Mbr.
.Pony Creek Shale Mbr. -
" Grayhorse Ls. Mbr. Wood S'f""g ’
‘Plumb Shale Member Formation.
‘Nebraska City Ls.-Mbr,
French Creek Sh.-Mbr.
Jym Creek Ls. Mbr. Root Shale
Friedrich Shale Mbr.
Grandhaven'Ls. Mbr. . .
Dry Shale Member Stotler Limestone
_Dover Limestone Mbr.
‘ Pillsbury Shale
Maple Hill Ls. Mbr. Zeandale
Wamego Shale Member R
Tarkio Limestone Mbr. leestgne |
Willard Shale a
. 1
Elmont Limestone Mbr. Emporia :_29
Harveyville Shale Mbr. .
Reading Limestone Mbr, Limestone §
- o
Auburn Shale 2
Mbr -‘%
Wakarusa Ls. . =




Limestone Member of Grenola Limestone. and Americus Limestone

Member of Foraker Limestone.

The Threemile Limestone Member df_Wreford Limestone is the

distinctive limestone unit of the Chase Group present in the area

of étudy. The Threemile Limgstone is composed of 1.8 m (six feet)

of cherty limestone with a massive, non-cherty zone in the middle.
Figure 3, shows the Permian-Penns&lvanian ro¢ks exposed in the
stgdy area. For detailed'lithologic and stratigraphic characteristics
of these units the reader is'reféfred‘to.Scott. et. al. (1949).

Quaternary Sediments. Glacial deposits and alluvium are the

major  Quaternary deposits,_Glacial‘déﬁosits were laid down during
Kans;h glaciation«(Frye,and”Leonard,.1952). and attain a maximum

thickness of 30.4'm (100 féet).
SUBSURFACE STRUCTURE

The determination of the natufé of the subsurface structure
anditypes and agé of subsurfaée movement in the problem aréa has
beeﬁ based on: | |

1. Precambrian surface configﬁration..

2. Three dimensional isopachdus maps.

3. Cross-sections based'bh‘surface and subsurface data.

The informatién concerning the.nature of the subsurface structure
is basically avaiiable from electric well logs. Table 1 and 2,

‘show the location of the availabie wells in the sfudy area, and'
the genéralized subdivisions.of.the Paleoxzoic column used in

this study.
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Table 1. Location of wells used

NE
SW

5 SW

NE

SwW

NW
NE
NW
NW
NE
NE
SE
SE
NW
NE

w2

SW
NW
SW
SW
NW
NE
SE
SE

Ny
NwW
SE
NW
NW
SE
NE

Sw
NE
SE
SE
SE
SE
SW
SW
NE
NW
SW
SW
SE
SW
SE
NW

S 8-T6S-R10E
S34-T6S-R11E
S 1-T6S-R12E
S14-T7S-R10E
S17-T7S-R10E
S25-T7S-R10E

S528-T7S-R10E .-

S12-T7S-R11E
S19-T7S-R11E
S 6-T7S-R12E
S 9-T7S-R12E
S 9-T7S=-R12E
S 9-T7S-R12E

S 9-T7S-R12E

S510-T7S-R12E
510-T7S~R12E

S16-T7S-R12E

S15-T7S-R12E

$36-T7S-R12E

S 6-T8S-R 9E
S22-T83-R 9E

S32-T835-R 9E

S 1-T8S-R10R

S10-T8S-R10R .
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'NE
- NE
- SE
* SE
SW

SE

SE
SW
SwW
C
C
NE
C
C
N2
NW

- 'NW

NE
S2
w2

in

SE
SE
SE

NE
SE
NE
NW
NW
NE
NW

NW .
NW.

SE
SW

" NE
‘NW
N2

NW
NW
NE
NE

SE

SwW

this study. .

NW
SW
SE
SE
NW
NE
SE
SE
NE
NW

SW

SW

NW

SW

SW
NE

SE
SE
NE

NE

SE
SE
NW

S13-T8S-R10E
S15-T8S~R10E

.S23-T8S-R10E

$26-T8S~R10E
S26-T8S-R10E
$30-T78S-R10E
S14-T8S-R11E

- 520-T83-R11E

S26-T8S-R11E
S28-T8S-R11E
S 8-T8S-R12E
S22-T83-R12E
S29-T8S-R12E
S 1-T9S-R10E
S 6-T9S-R10E
S16-T9S-R10E
S19-T9S-R10E
S30-T9S-R10E
S31-T9S-R10E
S32-T9S-R10E
S36~T9S-R10E
S .5-T9S-R11E
S29-T9S-R11E
S34-T9S-R12E



Table 2.

GEOLOGIC SYSTEM

SUBDIVISIONS USED IN THIS STUDY

Pennsylvanian -Topeka Limestone
: -Heebner Shale Member
-Lansing Group
~-Kansas City Group
Mississippian AMississippian Limestone

Silurian-Devonian

~Hunton Group .

Cambrian~Ordovician

~=Viola Limestone

-Magqueketa Shale

~-Simpsbh_Group

. Precambrian

-Granite and Metamorphic Rocks
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Evidence Provided From Logs of Deep UWells.

Contours on the Precambrian surface of the study area reveal
a distinctive northeast-southwest oriented zone of displacement
in Precambrian rocks. Displacement ranges from 152 m (500 feet)
to the southwest to 610 m (2000 feet) to the northeast. Cross-section
AA (Fig. 5) prepared from the northeast corner of the study area
 from the well data between Sec. 12; T™. 7 S., R. 11 E., and Sec. 6,
T. 7 S., R. 12 E., clearly indicates displacemept in Precambrian
rocks along a zone OF (Fig.‘U)} and its effect on thickness
,(threugh erosibn or non~deposition).of_the overlying'Paleozoic
sequence. |

A threerdimensionél subsurface lithologic cross-seetion of
APaleoioic units reveéls that the Mississippian and Upper Silurian-
Devonlan rocks (Upper part of the Hunton Group) are m1s31ng to the
1mmed1ate west of the maln fault (Fig. 6).

Cross-sectlon BB' (Fig. 7A),Prepared from southwest corner of
the study aree from three wells in Sec., 26, T. 8 S.,‘R. 10 E.,
Sec. 20, T. 8 S., R. 11 E., and Sec. 28, T. 8 S., R. 11 E., shows
-a similar displacement in the Precambrian recks which affects the
thiekhess of the overlying Paleozoic'eequence. including the absence
of Mississippian and Silurian-Devonian rocks to the‘west.

Direct evidence of subsurface'faulting along the east flank
of the Nemaha Anticline is ebserved from the well samples of
‘Precambriah basement rocks in Jackson County, Kansas. The well
was drelled 91.5 m (300 feet) into Precambrian basement and
associated samples reveal eXtensive brecciation. Apparehtly

the well was drilled directly through a fault zone in Precambrian

16



Fig. 4. The Precambrian surface at the -
~study area. Contour interval 100 feet
or 30.4 m. (Modified from Cole, 1976).
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Fig. 6. Thrée—dimensional subéurface Paleozoic
cross-section of the problem area.
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basement rocks (M. E. Bickford, personal communication).
Furthermore, evidence of subsurface faulting is to be observe

in the repeated section of the Cambrian-Ordovician Simpson Group

in a well located along the fauit zonelin SW NW SE,'Sec. 26,

T, 8 S., R. 10 E., (Fig. 8).

" From data provided in Figure 7A, two hypotheses concerning the

subsurface structure of the study area along- the eest flank of
the‘Nemaha Anticline'are suggested. The flrst hypothesis (1llustrated
in Fig. 7A) is that, because- subsurface faulting is observed in
the repeated section of the.CambrianfOrdoviCian Simpson Group in

a well in SW NW SE, Sec., 26, T. 8‘S;,"R. 10 E., and brecciated
basement rocks are known in Jackson County. faultlng 1n the
subsurface is certaln. Therefore, a major movement along the east
flank of the Nemaha is attributed to faultlng which cccurred duing
Late Silurian or EarlyiDevcnian through Mississipbian times. There
was lafer faulting with reduced iuténsity causing the development
of gentle folding of the overlying bpper Pennsylvanian and Lower
Permiah_rocks,

The other hypothesis (illustrafed in’Fig. 7B) is that, inasmuchas
the thickness of Paleozoic rocks in the subsurface decreases from
east to west and Upper‘SilurianQDevonian and Mississippian rocks
are absent along the Nemaha Ridge; the Nemaha Ridge may have been
a rising topographically high feature from which these formations

- were eroded. As mentioned earlier, however, as the occurrence of
- subsurface faulting alcng fhe east flank of the Nemaha Anticline
has been observed in well lbgs_and samples, the latter hypothesis

is less acceptable.

22
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In summary, although data are sparse and some problem remain
to be solved, electric well log data are sufficient to document

dlSplacement along a fault trending northeast-southwest along

' the east flank of the Nemaha Anticline. To the northeast,

bdisplacemeht is greater and the absence of Paleozoic rocks more

pronounced. Southwestward, it bifurcates into two distinctive

“trends (OE and OW) with major displacement occurring along the

easfern branch OE (Flg. 4), whlch correlates with the trace of

-the Humboldt Fault The uncertalnlty of the fault llne determlnatlon

‘varles w1th'the dlstance between-the Wells, which in thls area

ranges from two to six miles. This study substantiates the

'p051t10n1ng of the faults by Konlg (1971).

: Ev1dence Prov1ded From Shallow Seismic Electric Lops.

A serles of shallow seismic traverses conducted by PhllllpS

3Petroleum Company in 1961 62, whlch are now in the files of the
:faKansas Geolovical Survey, provided data for correlation of the
.'Jrock unlts whlch occur above the level that generally has not

;been recorded on a electric logs of deep wells. The absence of

logglng‘of upper formatlons in deep wells ig due in part to presence

,of‘surface casing and in part to a lack of interest in the near

surfaCe strata. The Phillips data con81sts of company-correlated

eleotrlc logs of the shallow seismic shot holes. Due to relatlvely

close spacing of these holes (10 within a distance of approximately

one'mile), near-surface or evenAconcealed surface extension of

vthe,subsurface fault should be recogniZable. This in conjunction

wifh;stratigraphic correlation aids in precise positioning of the

fault.
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Correlation of Permian-Pennsylvanian strata using the shallow
seismic traverses data revealed that near-surface units dip

anomalously in the vicinity of the subsurface faults. Thus, continuing

movement along the faults on the east flank of the Nemaha Anticline

apparently continued through Late Pennsylvanian and Early Permian

“times. Dipping strata are observed in the near surface at Sections

17, 18, 24, and 25, at T. 8 S., R, 10 E., (Fig. 11, Cross-section

f o
EE). In one location dipping beds are associated with rather small

‘gentle folds (Cross-section CC).

Moreover, dipping beds have been observed at the surface in

closeé proximity to the faults along the east flank of the Nemaha

fAnticiine as will be described later. Generally, Permian-PennsYlvaﬁian

strata :on the either side of the Nemaha Anticline are chafacterized

by their almost horizontal attitude.(Fig. 12).
SURFACE STRUCTURE

The area of investigation has generally‘reached a submature to matur

stage of erosion. Bedrock in general is poorly exposed due to

heavy végetation_associated with Welladeveloped a soil profile or

the existence of relatively thick and extensive Kansan glacial
till. Bedrock exposures are most generally located in road cuts
and along stream channéls. ) |

The exposed Permian~Pennsylvanian rocks have been studied to
determined34 | |

1) The likelihood of faulting gxtending.to the sﬁrface.

2) The nature and origin bf surface structure.

Surface Fault(s).

Review of published geologicaldafa of exposed Permian-Pennsylvanian

27



Index map of area that shallow seismic traverses are provided.
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rocks revealed no evidence of faulting occurring at the surface
throughout the area of study (see index map).

Outcrops were closely examined and no characteristic features
such as slickensidee, brecciation, missing or doubled section
resulting from faulting were observed. . .

As the Humboldt Fault occurs on the east flank of the Nemaha
Anticline in the'subsurface. contihuity or lack of continuity
of exposed PermianéPennSYlvanian units across this trend should
provide some’information concerning the upward extension of the
-fault to the sﬁrface. For this purpose three cross-sections in
an areavbetween Onaga and a pointrj;Zde (2 miles) south of
Havensville almost along the Highway 16 were'prepared from field
examlantlon and correlatlon of exposed rocks. As is shown 1n Flgs.
14, 15, and 16, rock succession across the east flank of the Nemaha
reveals no evidence of faulting.

As stated'earlier, the occurreﬁce df faulting at the surface
in extreme northeast part of the Pottawatomle County has been
reported by Ratcliff (1957). To test his hypothesis, three locations
aeross the indicafed'fault were carefully traversed. The strikes
and dips of the ekposed strate oceurring at either side of the
indicated fault at all these”locetions were carefully measured
using alidade and.plane table. No change in strike or dip was
observed at either side of the reported fault location. For example.
at 91 m (100'yards) south of Havensville along the Highway 63,
strata on either side of the proposed fault dip southeast 5.04

degrees with a strike of N 64 E. The strata correlated at this
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location were‘the Onaga Formation to the north of the fault and
the.Americus Limestone to the south of it. The measured thickness
of the section between the tops of these two units was 30.8 m
(115.5 feet) which is essentially what would be expected in a
normal seguence (see index map). |
- Vermillion Creek is the major stream and as a general rule,
- the course éf the stream lies in ahfarea which includes the
-transitional zone of Permian andﬁPennsylvanian rocks, which includes
"relatively thick units of shaie in the Wdodsiding and Onaga
. Formations. Hdwever, in SOme'Cases exceptions exist where
Vermillion Creek passes through thé;Upper Pennsyl&anian.rocks.

For example; the Upper Wabaunsee Group which includes Auburn Shale,

Emporia'Limesﬁone; Willard”Shiae._and Zeaﬁdale Limestone are presént '
at:éither'side'of Vermillion Creek aﬁqut 1.6 Km (one mile) to the
- east of Onaga. | | v
VermillionACreek does cut across7tﬁe strike of the transitional o
zone of Permian and Pennsylvaniah strata'to'parallel the trend
of the subsurface Humbbldt Fault. However, stratigraphic maps
reveal no evidence of vertical diSplacément..Thé strata on either
.side of the creek are identical both in‘lithologic characteristics
and elevation (Figs. 13 aﬁd'ib).‘ |
A review of fhe pattern of the drainage network (Fig. 17) of
‘the area revealed thét the tfibutaries'are commonly elongated
and terminaté abruptly. This may well illustrate the occurrence
of strike-slip faulting thrqughoﬁt the area shown. In £heir

discussion of the theory of wrench-fault tectonics, Moody and Hill
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(1956) suggested a mechanism by which, in continuation of relief

of originai stresses on the main fault through folding, thrusting,
and wrench-faulting, a lesser magnitude stress reoriontation occurs,
resulting in secondary and tertiary stress systems. As a result,

the deep faulthcan be expressed 1n overlying sédimentary cover

by a complex of secondary and tertiary wrench-faults and}other
structures rather than a single diétinct fault trace over the main
fault. The pattern of linearly dlsplayed by Vermillion Creek and
its tributaries as shown in. Flgure 13 may be correlated with the
pattern primary, secondary,;and tert;ary structural'features

" described by Moody and Hill_(1956). Bésed of this hypothesis, the
subsurface Humboldt Fault formed'as>a result of principally vertical

_ stresées thaf occurred durihg'Laté Silurian or Early Devonian |
thrdugh'Mississippian°and possiblj_Ear;y Pennsjlvanién times.
Then.loca; stresses coﬁtinued through Late Pennsylvanian:and Early
,Pefmian times to .produce strike;siiﬁlféulting causing the formation
of sécondary 6r poSsibiy tértiary wrench-faults. Thus, I assume,
Vermillion Creek which follows the trace of subsurface Humboldt
Fault coincides.the priméry-stresé direction andvthe trace of fhe
elongated relatively straight tributaries show the direction of
the secondary and tertiary structural features. Although the

" above discussion may well be accebted there 1s lack of certainity
of the correlation of thesé linears, és well as the absence of

any direct evidence of faulting at the surface rocks of study area.

‘Nature of the Surface Structures.
Dips in excess of the regional dip of approximately three

‘meters per kilometer (fifteen ‘feet per mile) or less than one-half
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Fig. 17, Stream ‘patterns of the study area..
Lineaments suggest‘ed by drainage pattern.

AR Position of J.ndlcated fault at the surface
of northeast corner of the area.
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degree (Lee, 1943), occur along the fault zone and suggest the
upward extension of subsﬁrface faults. Beds dip four to five
dégrees to the southeast and, in general, strike N 25'E; Thus,
upward movement in the subsurface is assumed to have produced
stresses which increased the_dip of the strata at the surface.
Locally isolated areas of deformed rocké,including folding -

and intense,fracfuring are also numerous throughout- the study

ai‘-ea.
SUMMARY

Examination of the subsurféce_éfrubture along_the'east:flank
of the Nemaha Anticline in‘PottaWatomie County, Kansas, based on
threé-dimensionalblithologicvérOs%-séctioné and logs of deep wells
_has shan‘thé presencé of a distinctive northeast—soﬁthwest |
oriented zone of displacemeﬁt bf«thé'rocks in the subsurface. To -
“"the northeast, the amouﬁt bf displaéeﬁent ié greater and the
agsence'of Paleozoic rocks more‘pronounéed. Southwestward the zone}
bifurcates into two distinct trends with the ma jor displacement
: occuffing along the easterﬁ 5rahch which. is correlated with the
trace‘of Humboldt Fault. Evidencé of‘subsurface faulting has
also been obSer&ed in a répéated section of Cambrian-Ordovician
Simpson'Group and from brecciated Precambrian.rocks in well-samples.
; Correlation of the Permian-Pennsylvanian strata using shéllow
seismic traverses data revealed that near-surface units dip abruptly
in.tﬁe vicinity of the faultsfalong the east flank of the Nemaha

Anticline. Surface rocks across and along this trend show no evidence

b1



of faulting but display four to five degrees of dip to the southeast.

Movement along the east flank of the Nemaha Anticline ogcurred
dufing Late Silurian or Early Devonian through Mississippian times.
* Then, there was a reductién in intensity of faulting whiéh caused
only gentle folding of overlying units.‘Cohtinuing.movement along
the fault on the_eaét flank of the Nemaha Anticline is inferred
through Permian-PénnsylVanian timeé.'

;The~courseuof theAmain-stream'Yérmillion Creek cgts across the
strike of thevtransitional zone of Permian and Pennsylfanian strata
to parallel the ternd of the'éubsurfacé Humboldt Fault.

Although, sﬁrface rocks at the aréé'of‘investigation re&ealed
no evidence of faulting the possible oécurrepce of wrench-faulting
~in the subsurface ﬁay~wéll be exprgséed in the stream patterns

“throughout the area.
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*  Locations across the indicated
fault that were traversed.

Index map, showing the Permian-Pennsylvanian
exposed rocks along and in vicinity of the
Vermillion Creek. Three small maps represent
the locations where the thickness, strikes
and dipsof the strata were measured. Scale
exaggeration of small maps is about 3. (After
Scott, et. al. 1949).




	20230524_0571
	20230524_0572
	20230525_0574
	20230524_0572
	20230525_0573



