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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 of the Nemaha Anticline; they join at the northeast corner 

of the study area. The major displacement occurs along the eastern 

zone that correlates with the trace of .the Humboldt Fault. 

Near surface and surface Permian-Pennsylvanian strata dip 
. . .. 

four to five degrees to the southeast in the vicinity of the 

subsurface faults but show rio evidence of faulting. Although the 

main channel of Vermillion Creek parallels 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 elongated, relatively straight pattern 

of drainage network of the area may suggest the possible occurrence 

of wrench-faultin~ in the subsurface. 

The east flank of the Nemaha Anticline was subjected to intensive 

tectonic movement resulting in subsurface faulting in Late Silurian 

or Ea~ly Devonian through Mississippian times. The gentle dip of 

Upper Pennsylvanian and Lower Permian strata in vicinity of the 

sµbsurface faults near and at th_e surface suggest that movement 

along the east flank of the Nemaha Anticline continued but with 

a very low intensity, causing only develpment of gentle folding 

of the units overlying the subsurface Humboldt Fault. 
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INTRODUCTION 

Subsurface and even surface faulting along the east flank of 

the Table Rock Anticline or Nemaha Anticline has been reported by 

Condra (1927), Lee (194J), Jewett (1951), Kotoyantz (1956), and 

Merriam (1963). Condra (1927) first named and described the structure 

in Nebraska as the "Humboldt 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• extending into Kansas and 

indicated intermittent exposure of faulting along the east flank of 

the Nemaha Anticline throughout much of its length in Kansas (Fig. 1). 

The purpose~ of this research ~~re to study the Humboldt Fault 

both in the subsurface and at the surface in Pottawatomie County, 
. . 

Kansas. Also to be determined was the correlation between subsurface 
' 

and surface structure along a zone in which movement along the 

Humboldt Fault might be. expected to have an influence on the 

structure of the overlying sedimentary rocks. Finally, I wished to 

determine the time of most recent movement along this trend. 

This investigation was confined to an area trending northeast-

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

Nemaha Anticline along the ea~tern margin of the Flint Hills (Fig. 2). 

RECENT INVESTIGATIONS 

. Koons (1956) described di-placement in the subsurface rocks 

along the Nemaha trehd ranging from 945 (3100 Ieet) in Nemaha 

1 
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County to 259 m (850 feet) in Chase County, and assumed that this 

displacement occurred as late as post-Misiissippian time throughout 

the entire length of the Nemaha Anticline. However, he concluded 

that a fault origin for this displacement is ihferential 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 structural movement of the east flank of the Nemaha 

Anticline, this occurring as early as post-Wolfcampian tim~. 2) 

The fault has a vertical displacement of slightly over.J0.48 m 

(100 feet) with the·up-thrown side on the west. J) The fault 
" . strikes north 20 degrees east (N 20.E) and parallels the crest of 

the Nemaha Anticline. 

Konig (1.971) constructed a magnetic profile across the Nemaha 
' ~nticline and adjusted that profile to the configuration of the 

Precambrian basement. He showed that two normal faults are present· 

in the Precambrian _rocks and both are up-thrown on the west but_ 

differ in amount of displacement. It is the eastern of the two 

faults that is associated with the major.displacement of the rocks 

on the east flank of the Nemaha Anticline. 

PROCEDURES 

· Available logs of deep and shallow 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 sheets of the area of 

investigation were conducted. Stream patterns could be controlled 

by the fault and indicate time and place of most recent movement. 

Field work was done to locate and correlate exposed sedimentary 

strata •. Sections were measured carefully and the strike and dip 

of the strata were recorded. The area had been mapped by Scott, 

et. al. (1949), and this aided in recognition of the rock units. 

STRUCTURAL FEATURES 

The most prominent subsurface feature in this area is the 

.Nemaha Anticline. The anticline, underlain by Precambrian rocks, 

is na~ed fo.r Nemaha County, Kansas (Lee, 1943). It . extends across 
0 

the entire state of Kansas in a general direction of S 20 W, The 

N.emaha Anticline exhibits· an asymmet>rical cross-section with a 

much steeper side to the east. 

The steep eastward-dipping sediments which constitute the west 

flank of the Forest City Basin are cut by the fault. The Forest 

City Basin extends from northeastern Kansas into southern Nebraska, 

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

~art on the west, adjacent to the subsurface Humboldt Fault . 
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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 extensive erosion. Subsequently 

Pottawatomie County and adjacent areas were the site of deposition 

of rocks ranging from Cambrian to Permian age. Periods of erosion, 

foldi~g, and faulting occurred at intervals throughout the Paleozoic. 

During Late Cambrian and Early Ordovician time a marine environment 

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

end of this period a major structural movement associated with 
. . 

extensive erosion occurred (Lee, 1956). The erosion is documented 

· in the subsurface by the weathered surface of the Arbukle Limestone 

of Cambrian-Ordovician·age. As a result of this structural movement 

Pottawatomie County. and adjacent areas were subjected to general 

uplift (Jewett and Merriam, 1956.). 

The rise of Nemaha Anticline was initiated in the Early 

Mississippian and culminated at the end of this period. During 

this time major extensive erosion occurred. The erosion is revealed 

in the subsurface by the weathered surface of the Mississippian 

Chattanooga ~hale. Movement continued through the Middle Permian 

_but with less magnitude than in previous time. 

According to Lee (1943), regional tilting and erosion were two 

major processes active during· Mesozoic time. Westward tilting of 

the Permian-Pennsylvanian rocks occurred during pre-Cretaceous 

time. No rocks of Mesozoic age are present in Pottawatomie County. 
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Tilting and erosion continued through the Tertiary period and 

the present eastward slope of the surface rocks developing during 

that period (Jewett and Merriam, 1959). 
During the Quaternary, Kansan glaciation extended as far south 

as the Kansas Rive~ and as far west as the Big Blue River (Frye 

and Leonard, 1952), forming the thick deposits of glacial drift 

which to.a large degree mask the bedrocks. 

STRATIGRAPHY 

Precambrian Rocks. 

Buried Precambrian rocks in the area of investigation consist 

predominantly of granite with mino~ metamorphic rocks (Merriam, 

Cole, and Hambleton, 1961).· The shallowest known Precambrian rocks 

in the study area occurs iri SE SE SW, Sec. ·29, T. 8 S., R. 10 E., 

where the basement surface rises to ·0.304 m (one foot) above sea 

level at a depth of 351.5 m (1153 feet); the deepest oc~urrence 

is in NE NW SW, Sec. 29, T. 8 s., R. 12 E., where the basement 

is 71J.4 m (2340 feet) below sea level (1058 m or 3470 feet below 

the surface). 

Paleozoic Rocks. 

The Paleozoic sedimentary sequence consists of a number of rock 

units which are essentially horizontal and .Parallel to one another. 

Paleozoic rocks in the study area are nonconformable on the 

Precambrian basement rocks and are overlain ~nconformably by 

Quaternary sediments of Cenozoic. Within the Paleozoic, major 

unconformities occur between Upper Pennsylvanian and Mississippian 
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rocks and Mississippian-Devonian units from the older Paleozoic 

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, and sandstone. Minor coal beds, black shale, and 

evaporites are also present in the cyclathemic Permian-Pennsylvanian 

rocks. Thickness of the Paleozoic rocks in the study area range 

from 314 m (1030 feet) in SE SE SW, Sec. 15, T, 8 S., R. 10 E., 

Where the Cambrian-Ordovician age Simpson Group is overlain by 

. Pennsylvanian Kansas City Group, to the maximum thickness of 701. 2 

m (2300 feet) in NE NW SW, Sec. 29, T .. 8 s., R. 12 E,, where almost 

all t:epresentative Paleozoic strata are present. 
. . 

Cambrian-Ordovician Rocks. The Cain.brian-Ordovician rocks· 

nonconf_ormabiy overlie the Precambrian basement complex •. They 

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

· The thickness of thes~ rocks range from a few meters up to 426.6 m 

( 1400 .·feet). 

Silurian-Devonian Rocks. Rocks of Silurian-Devonian. age are 

predominantly composed of limestone.and dolomite. These rocks lie 

unconformably below the Mississipp1an and unconformably on 

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

undifferentiated deposits~ The thickness of the Hunton Group ranges 

from 47.5 m (150 feet) to almost 182.9 m (600 feet). 

· Mississippian Rocks. The lower Mississippian rocks consist of 

a sequence of shale ("Kinderhook Shale") which is overlain by a 

limestone sequence. Mississippian rocks are completely absent on 
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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 

t.rend. 

Pennsy1vanian Rocks. In the area of study the Pennsylvanian 

rocks cover sediments unconformably and are in graditional contact 

with Permian deposits. Lower and Middle Pennsylvanian deposits 

are absent at the crest of the Nemaha .Anticline, having been eroded 

during uplift and erosion. The Pennsylvanian deposits are formed 

under cyclic conditions; each cycle co·nsist of marine limestone 

and. shale, alternating with nonmaririe elastic deposits (Lee, 1954). 

The Upper Pennsylvanian Wabaunsee Group is the only Pennsylvanian 

deposit that crops out·in Pottawatomie County. It is exposed parallel 

to the crest of the Nemaha Anticline along the northern tributaries 

of Vermillion Creek. The thickness of the Pennsylvanian rocks range 

from about 244 m (800 feet) to some'609 m (2000 feet). 

The Wabaunsee Group contains shale with interbedded thin 

limestones, local sandstone lenses and thin coal beds. Most of the 

shale units are similar and are mainly characterized by gray to 

tan-gray limonitic shale. Generally associated are one or more 

t~in-bedded silty or sandy variegated shales interbedded with 

layers of tan or gray sandy ·limestone. The limestones are light 

gray to brownish in color, slightly crystalline, blocky to thin 

bedded. Some, including the Tarkio, Maple Hill, and Dover Limestones, 

show a great concentration of fusulinids. Thickness, location in 

the sequence, fossils, and lithology are the major characteristics 
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for identification of the various units of the Wabaunsee Group. 

Channel sandstones are abundant in almost all shale units (Mudge, 

1956). The thickness of th~ Wabaunsee 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 Limestone Member of Emporia Limestone, Tarkio and Maple 

Hill Limestone Members of Zeandale Limestone, and Dover Limestone 

Member of Stotler Limestone·. 

Permian Rocks. The only Permian deposits that are present in 

Pottawatomie County are of the Wolfcampian Series and belong to 

the following three. groups (in ascending order): Admire, Council 

Grove, and Chase. Their thickness is about 244 m (800 feet) 

collectively. Lower Permian rdcks formed under conditions similar· 

to those .of the Upper Pennsylvanian deposits described earlier. 
' Thus, alternating sba.le and limestone are expected as a common 

feature in Wolfcampian Series. 

The Admire Group is composed df shale but includes some limestone 

beds. The Fall City and Five Point Limestones are recognized both 

in logs and surface. 

The Council Grove Group underlies the Chase Group and conformably, 

overlies the Admire Group. Like the Admire Group it consists 

chiefly of shale but the limestones are relatively thicker. The 

'limestone uni ts contain chert and varicolored shale uni ts •. The 

most distinctive limestone units that are present in the study 

area are: Cottonwood Limestone Member of Beattie Limestone, Neva 

10 



Fig. J. The Permian-Pennsylvanian rocks exposed 
-in the area of investigation. (From Kansas 
Geol. Survey _Bull. 189,· Plate 1), 
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EXPLANATION 
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Red Eagle Limestone 

Johnson Shale 

Foraker Limestone 

Janesville Shale 

Falls Citv Limestone 

Onaga Shale 

Wood Siding · 
Formation 

Root Shale 

Stotler Limestone 

Pillsbury ·shale 

Zeandale 
Limestone 

! 

Willard Shale 

Emporia 
Limestone 

Auburn Shale 

Bern Limestone 

12 [Imo coal bed §~~,-~·::.:_:. · Cedar Vale Shale Mbr. 
-· - -- -------1 Scranton Shale --

a, 
> 
0 .... 

C!) 

u c:: 
.:::, 
0 u 

0.. 
:::, 
0 .... 

C!) 

,._ 
E 

'"O c:x: 

a. 
:::, 

C!) 

a, 
a, 
V) 
c:: 
:::, 

"' .CJ 
ro :s: 



Limestone Member of Grenola Limestone, and Americus Limestone 

Member of Foraker Limestone. 

The Threemile Limestone Member of Wreford Limestone is the 

distinctive limestone unit of the Chase Group present in the area 

of study. The Threemile Limestone is composed of 1.8 m (six feet) 

of cherty limestone with a massive, non-chBrty zone in the middle. 

Figure J, shows the Permian-Pennsylvanian ro~ks exposed in the 

study area. For detailed lithologic and stratigraphic characteristics 

of these units the reader is referred to Scott, et. al. (1949). 

Quaternar;y·sediments. Glacial deposits and alluvium are the 

major Quaternary deposits. Glacial deposits were laid down during 

Kansan glaciation· (Frye.and ·Leonard, 1952), and attain a maximum 

thickness of J0.4 m (100 feet). 

SUBSURFACE STRUCTURE 

The determination of the nature bf the subsurface structure 

and types and age of subsurface movement iri the problem area has 

been based on: 

l. Precambrian surface configuration .. 

2. Three dimensional isopachous maps. 

J. Cross-sections based on·surface and subsurface data. 

The information conqerning the nature of the subsurface structure 

is basically available from electric well logs. Table 1 and 2, 

·show the location of the available wells in the study area, and 

the generalized subdivisions of the Paleozoic column used in 

this study. 
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Table 1. Location of wells used in this study. 

NE NE NW S 8-T6S-R10E 
C SW NW SJ4-T6S-R11E 
NE SW SE S 1-T6S-R12E 
SW NE NW S14-T?S-Rl0E 
SW SW NW S17-T7S-R10E 
C NW SE S25-T7S-R10E 

, C NE NE S28-T7S-R10E 
NW NW SE S12-T7S-R11E 
NW NW SW S19-T7S-R11E 
C NE NE S 6-T7S-R12E 
SE NE SE S 9-T7S-R12E 
N2 SE SE S 9-T7S-R12E 
SE SE SE S 9-T7S~R12E 
SE NW SE S 9-T7S-R12E 
SW NE SW S10-T7S-R12E 
W2 W2 SW S10-T7S-R12E 
NE SW NE S16-T7S-R12E 
NW NW NW S15-T7S-R12E 
C SW SW SJ6-T7S-R12E 
SW SW SW S 6-TBS-R 9E 
NW NW SE S22-T8S-R 9E 
C NE SW SJ2-T8S-R 9E 
SW SE SE S 1-T8S~R10R 
NW SE NW S10-T8S-R10R. 

14 

SE SE NW S1J-T8S~Rl0E 
SE SE SW Sl5-T8S~R10E 
SW SE SE .S2J-T8S-R10E 
SW NW SE S26-T8S-R10E 
C NE NW S26~T8S~R10E 
C SE NE SJO,;.T8S-R10E 
NE NE SE Sl4-T8S-R11E 
C NW SE· S20-T8S-R11E 
C NW NE S26-T8S-R11E 
N2 NE NW S28-T8S-R11E 
NW NW SW S 8-T8S-R12E 
NW NW SW S22-T8S-R12E 
NE NW SW S29-T8S-R12E 
S2 SE NW S 1-T9S-R10E 
W2 SW SW S 6-T9S-R10E 
C. NE SW S16-T9S-R10E 
NW NW NE. S19~T9S-R10E 
N2 NW SE SJ0-T9S-R10E 

·. SE NW SE SJ1-T9S-R10E 
NE NE NE SJ2-T9S-R10E 

· NE NE NE SJ6~T9S-R10E 
· SE SE SE S .5-T9S-R11E 
' SE SE SE S29-T9S-R11E 

SW SW NW SJ4-T9S-R12E 



Table 2. 

GEOLOGIC SYSTEM SUBDIVISIONS USED IN THIS STUDY 

Pennsylvanian -Topeka Limestone 
-Heebner Shale Member 
-Lansing Group 
-Kansas City Group 

Mississippian -Mississippian Limestone 

Silurian-Devonian -Hunton Group 

Cambrian-Ordovician -Viola Limestone 
-Maqueketa Shale 
-Simpson_ Group 

Precambrian -Granite and Metamorphic Rocks 
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Evidence Provided From Lees of Deep Wells. 

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 displacement in Precambrian 

rocks along a zone OE (Fig •. 4), aild it's effect on thickness 

(through erosion or non-deposition) of the overlying Paleozoic 

sequence. 

A three dimensional subsurface lithologic cross-section of 

.Paleozoic units reveals that the Mississippian and Upper Silurian-

Devonian rocks (Upper part .of the Hunton Group) are missing to the 

immediate west of the main fault (Fig. 6). 

Cross-section BB1 
( Fig. ?A) prepared from southwest corner of 

the study area 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 Pr~cambrian rocks which affects the 

thickness of the overlying Paleozoic sequence, 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 observed from the well samples of 

Precambrian basement rocks in Jackson County, Kansas. The well 

was drelled 91.5 m (JOO feet) into Precambrian basement and 

associated samples reveal extensive brecciation. Apparently 

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 }0.4 m. (Modified from Cole, 1976). 
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Fig. 6. Three-dimensional sub~urface 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 Cafubrian-Ordovician Simpson Group 

in a well located along the fault zone in SW NW SE, Sec. 26, 

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

From data provided in Figure ?A, two hypotheses concerning the 

subsurface structure of the study area along the east flank of 

the Nemaha Anticline are suggested. The first hypothesis (illustrated 

in Fig. ?A) is that, because•subsurface faulting is observed in 

the repeated section of the Cambrian-Ordovician 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, faulting in the 

subsurface is certain. Therefore, a major movement along the east 

flank of the Nemaha is attributed to faulting which occurred duing 

Late Silu~ian or Early Devonian through Mississippian times. There 

was later faulting with reduced intensity causing the development 

of gentle folding of the overlying Upper Pennsylvanian and Lower 

Permian rocks. 

The other hypothesis (illustrated in Fig, ?B) is that, inasmuchas 

the thickness of Paleozoic rocks in the subsurface decreases from 

east to west and Upper Silurian-Devonian and Mississippian rocks 

are absent along the Nern.aha 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 along the east flank of the Nemaha Anticline 

has been observed in well logs and samples, the latter hypothesis 

is less acceptable. 

. 22 
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In summary, although data are sparse and some problem remain 

t6 be solved, electric well log data are sufficient to document 

displacement along a fault trending northeast-southwes.t along 

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

dis~lacement 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 

eastern branch OE ·( Fig. 4), which· correlates with the trace of 

·the_·Humboldt Fault. The uncertainity of the fault line determination 

vari&s with the distance between the 0ells, which in this area 

rang~s from two to six miles. This study substantiates the 

positioning of the faults by K_onig ·(1971 ) .• 

Evidence Provided From Shallow Seismic Electric Logs. 

A series of shallow seismic traverses conducted by Ph_illips 

-~etroleum Company in 1961-62, which are now in the files of the 

Kanfias Geological Survey, provided data for ·correlation of the 

.'-rock~ uni ts which occur above the level that generally has not 

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

logiing of upper formations in deep wells is due in part to presence 

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

su~face strata. The Phillips data consists of company-correlated 

electric logs of the shallow seismic shot holes. Due to relatively 

close spac~ng of these holes (10 within a distance of approximately 

on~ mile), near-surface or even concealed surface extension of 

the. subsurface fault should be recognizable. This in conjunction 

Y.1 i th 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 ori the east flank of the Nemaha Anticline 

apparently continued through La.te 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 
I 

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 

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

· Anticline as will.be described later. Generally, Permian-Pennsylva~ian 

strata on the either side ·of the Nemaha Anticline are characterized 

by their almost horizontal attitude (Fig. 12). 

SURFACE STRUCTURE 

The arec:i. of investigation has generally reached a submature to matm. 

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

heavy vegetation associated with well-developed 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 channels. 

The exposed Permian-Pennsylvanian rocks have been studied to 

d.etermined.: 

1) The likelihood of faulting extending to the surface. 

2) The nature and origin of surface structure. 

Surface Fault(s). 

Review of published geological data of exposed Permian-Pennsylvanian 
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rocks revealed no evidence of faulting occurrine at the surface 

throughout the area of study (see index map). 

Outcrops were closely examined and no characteristic features 

such as slickensides, brecciation, missing or doubled section 

resul-ting from faulting were observed. 

As the Humboldt Fault occurs on the east flank of the Nemaha 

Anticline in the su~surface, continuity or lack of continuity 

of exposed Permian~Pennsylvanian units across this trend should 

proyide some ·information concerning the upward extension of the 

fault to the surface. For this purpose three cross-sections in 

an area between Onaga and a point J.2 Km (2 miles) south of 

Havensville almost along the Highway 16 wire prepared from field 

examiantion and correlation of exposed rocks. As is shown in Figs. 

14., 15, and 16, rock succession across. the east flank of the Nemaha 

reveals no evidence of faulting. 

As stated earlier, the occurrence of faultine at the surface 

in extreme-northeast part of the Pottawatomie County has been 

reported by Ratcliff (1951). To test his hypothesis, three locations 

across the indicated fault were carefully traversed. The strikes 

and dips of the exposed strata occurring at either side of the 

indicated fault at all these locations 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 6J, 

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 J0.8 m 

(115.5 feet) which is essentially what would be expected in a 

normal sequence (see index map). 

Vermillion Creek is the major stream and as a general rule, 

the course of the stream lies in an·area which includes the 

transitional zone of Permian and.Pennsylvanian rocks, which includes 

relatively thick uni ts of sh.ale in the Woodsiding and Onaga 

Formations. However, in some cases exceptions exist where 

Verm1llion Creek passes through the UJ)per Pennsylvanian rocks. 

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

Emporia Limestone, Willard Shlae, arid Zeandale Limestone-are present 

at either side of Vermillion Creek about 1,6 Km (one mile) to the 

east· of O_naga. 

Vermillion Creek does cut across' the strike of the transitional 

zone of Permian and Pennsylvanian strata to parallel the trend 

of the subsurface Humboldt Fault. However, stratigraphic maps 

reveal no evidence of vertical displacement •. The strata on either 

side of the creek are identical both in lithologic characteristics 

and elevation (Figs. 13 and 14·). 

A review of the pattern of the drainage network (Fig. 17) of 

the area revealed that the tributaries are commonly elongated 

and terminate abruptly, This may well illustrate the occurrence 

of strike-slip faulting throughout the area shown. In theiF 

discussion of the theory of wrench-fault tectonics, Moody and Hill 







(1956) suggested a mechanism by which, in continuation of relief 

of original stresses on the main fault through ·folding, thrusting, 

and wrench-faulting, a lesser magnitude stress reorientation occurs, 

resulting in secondary and tertiary str~ss systems. As a result, 

the deep fault can be expressed in overlying sedimentary cover 

by a complex of secondary and tertiary wrench-faults and other 

atructures rathei than a single distinct fault trace over the main 

fault.· The pattern of linearly displayed by Vermillion Creek and 

its tributaries as shown in.Figure 13 may be correlated with the 

pattern pr,tmary, secondary, ,and tertiary structural ·features 

described by Moody and Hill (1956).· Based of this hypothesis, the 

subsurface Humboldt Fault formed as a result of principally vertical 

stresses that occurred during Late Silurian or Early Devonian 

through Mississippian and possibly_Early Pennsylvanian times. 

Then local stresses continued through Late Pennsylvanian and Early 

Permian times to.produce strike.:..slip faulting causing the formation 

of secondary or possibly tertiary vtrench-faults. Thus, I assume, 

Vermillion Creek which follows the trace of subsurface Humboldt 
,· 

Fault coincides the primary-stress direction and the trace of the 

elongated relatively straight tributaries show the direction of 

the secondary and tertiary structural features. Although the 

· above discussion may well be accepted there is lack of certainity 

of the correlation of thes~ linears, as well as the absence of 

any direct eviuence 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 



Fig. 17. Stream patterns of the study area. 
Lineaments suggested by drainage pattern. 
Position of indicated fault at the surface ,,,,,,,, . 

of northeasi corner of the area. 
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degree (Lee, 1943), occur along the fault zone and sugeest the 

upward extension of subsurface faults. Beds dip four to five 
n 

degrees to the southeast and, in general, strike N 20 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 rocks. includine folding 

and intense fracturing are also numerous throughout-the study 

area •. · 

SUMMARY 

Examination of the subsurface stfucture along the east flank 

of the Nemaha Anticline in Pottawatomie County, Kansas, based on 

three-dimensional lithologic cross-sections and logs of deep wells 

has ~hown the presence of a distinctive northeast-southwest 

.oriented .zone of displacement of, the rocks in the subsurface. To· 

the northeast, the amount of displacement is greater and the 

absence of Paleozoic rocks more pronounced. Southwestward the zone 

bifurcates into two distinct trends with the major displacement 

occurring along the eastern branch which•is correlated with the 

trace of Humboldt Fault. Evidence of subsurface faulting has 

also.been observed in a repeated section of Cambrian-Ordovician 

Simpson Group and from brecciated Precambrian rocks in well-samples. 

Correlation of the Permian-Pennsylvanian strata using shallow 

seismic traverses data revealed that near-surface units dip abruptly 

ii the vic~nity of the faults.along the east flank of the Nemaha 

Anticline. Surface rocks across and along this trend show no evidence 
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of faulting but display four to five degrees of dip to the southeast. 

Movement along the east flank of the Nemaha Anticline occurred 

during _Late Silurian or Early Devonian through Mississippian times. 

Then, there was a reduction iri intensity of faulting which caused 

only eentle folding of overlying units. Continuing move~ent along 

the fault on the.east flank of the Nemaha Anticline is inferred 

through Permian-Pennsylvanian times. 

The course of the main-stream Vermillion Creek cuts across the 

strike of the transitional zone of Permian and Pennsylvanian strata 

to parallel the ternd of the subsurface Humboldt Fault. 

Although, surface rocks at the ~rea of-investigation re~ealed 

no evidence of faulting the possible occurrence of wrench-faulting 

in the subsurface may well be expr~ssed in the stream patterns 

throughout the area. 
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Beattie Limestone 
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J ohnson Shale & 
Foraker Limes tone 

JanesvUle Shale 

Fall City Limestone & 
Onaga Shale 

Woodsidlng Limestone & 
Root Shale 

Stotler Lizaeatone & 
Pillsbury Shale 

Zeandale Limestone & 
W 1 llard Shale 

Emporia Limestone & 
Auburn Shale 

Position of the indicated fault 
at the surface. 
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Index map. showing the Permi an-Pennsylvanian 
exposed rock.a along and in vicinl ty of the 
Vermillion Creek. Jfhree small maps represent 
th• locations where the thickness, striker, 
and dip, of the strata were meas ured. Scale 
exa«geration of a11all MPS 1a about J. (A.fter 
Scott, et, al, 1949). 
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