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ABSTRACT

This annual report presents and interprets the information
obtained by the Conservation and Survey DNivision (Nebtraska
Geological Survey) during contract year June 1, 1978, to May
30, 1979, under contract NRC-04-76-315 with the U.S. Nuclear
Regulatory Cormission. The information pertains to the geology,
structure, tectonics, and seismicity of eastern Nebraska with
erphasis on the vicinity of the intersection of the Union and
Humboldt Fault zones. Some of the information presented here
results from a combination of studies begun in earlier years but
the greater part results from studies begun during the contract year.

The scope of the studies is summarized as follows:

1. Rock outcrops in southeastern Cass and ncrtheastern Otoe
counties were reexamined and reevaluated, and 39 test holes
were drilled to determine the altitude of the upper surface
of the Kereford Limestone of Pennsylvanian age;

2. Three new seismographs were installed in eastern Nebraska;

3. Gravity surveys in eastern Nebraska were extended;

4. Ground magnetic surveys in southeastern Cass and ncrtheastern
Otoe counties were made and evaluated.

Discussion of the results of these studies constitute the remainder

of this report.
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STRUCTURE OF THE KEREFORD LIMESTONL NEAR THE INTERSECTION OI' THE
UNION AND HUMBOLDT FAULTS IN EAS ™Ril NEBRASKA

R. R. Burchett, J. L. Arrigo, and D, A. Uhl

Introduction

The Humboldt and Union Faults intersect near southeastern
Cass and northeastern Otoe counties in eastern Nebraska (fig. 1).
This area was chosen as a specific study site for the 1978-79
contract to determine the relation of these faults to each other.
The Eumboldt Fault Zone defines the eastern margin of the north-
south trending Nemaha Uplift. [Lastward from the fault zone the
rock strata are downthrown or dip steeply into the Forest City
Basin. The Union Fault defines the southern margin of the northeast-
southwest trending midcontinent gravity anomaly. Southward
from it the rock strata either are downthrown or dip steeply
into the Forest City Basin.

The primary purposes of this investigation were to acquire,
by érilling test holes, subsurface data needed to correlate
buried strata with strata that crop out and to gain a better
understanding of buried structural features in eastern Nebraska.
The top of the Kereford Limestone, a formation in the Shawnee
Group of the Virgil Series of the Pennsylvanian System, was
chosen as a datum plane for a structure map because the Kereford

underlies most of the study area at a shallow depth and is
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easily identified in rock cuttings and cores obtainec by drilling.
All available data on the altitude of this surface in outcrops
and in test holes were used as control points for contour lines
depicting the configuration of the Kereford's upper surface

(fig. 2).

Scope of Investigation

Thirty-nine shallow rotary test holes were drilled in
scutheastern Cass and northeastern Otoe counties (fig. 3) by
the Rieschick Drilling Company of Falls City, Nebraska. The
holes averaged about 150 feet (45.7 m) in depth, and each was
logged electrically as well as by visual examination of rock
cuttings. Some of the holes penetrated the Kereford Limestone;
others were drilled to an identifiable horizun whose height
above or depth below the Kereford is known, thus providing a
Kereford datum. The holes were drilled in May and June of 1979
under a cooperative agreement between the Conservation and
Survey Division (Nebraska Geological Survey) and the U.S. Nuclear
Regulatory Commission (Contract NRC-04-76-315).

A binocular microscope was used for examination of the
cuttings. Logs of the test holes, based on descriptions of the
cuttings, are presented in Appendix A. Figures 4 and 5 show a
composite section of the Upper Pennsylvanian rocks drilled in
the study area, together with a composite electric log of those
rocks.

The geologic bedrock map illustrated in fiqure 6 shows the

distribution of groups ranging in age from Late Pennsylvanian
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EOLOGIC BEDROCK OF SOUTHEASTERN CASS AND NORTHEASTERN OTOE COUNTIES

Figure 6



to Early Permian. Location of bedrock outcrops, mostly along
valley sides, are shown in solid black. A careful reexamination
of outcrops along the Union Fault provided additional data for
mapping purposes. By determining the altitude of many outcrops,
the investigators obtained additional vertical centrol points
for the structure map.

Most upland and lowland areas are mantled by unconsolidated
Quaternary deposits such as loess, till, and alluvium. The

maximum aggregate thickness of these deposits is about 300 feet.

Results of Investigation

Interpretations based on drilling results and field observa-
tions during this investigation are summarized as follows:

(1) The Union and Humboldt Faults probably are not single struc-
tures, as previously interpreted. Instead, they are complex
zones of faults and steep dips.

(2) The Pennsylvanian age rocks are faulted along the Union
Fault. The direction and angle of dip exhibited by the
Pennsylvanian strata on both sides of the Union Fault differ
markedly within very short distances, thus indicating that
he structural pattern is highly complex. The greatest
dip measured, about 15°SE, was in the SW sec. 6, T. 9 N.,

R. 13 E., in Otoe County.

(3) Pennsylvanian age rocks overlying the Humboldt Fault in

the southern third of the study area appear to be faulted

and in the northern two-thirds of the study area, nearer

10



to the intersection of the Union and Humboldt Fault traces,
appears to have steep dips without evident faulting.

(4) Only two faults have actually been observed in outcrops
within the study area, and both are located along the Uniecon
Fault. One is in the NW NW sec. 21, T. 10 N., R. 14 E.,
Cass County, and was observed by Condra and Reed (1938)
many years ago before quarrying destroyed the outcrop.

Throw along this fault was reported to be 3.8 feet (2.7 m)
in the Deer Creek Formation of Pennsylvanian age, but no
mention was made whether that or any other faults involved
Quaternary depousits. A southeast-northwest geolecgic section
along the Missouri River Bluffs, in the vicinity of the
fault, is shown in figure 7. The other fault is in the

NE SW sec. 6, T. 9 W., R. 13 E,, Otoe County. Here the
Lecompton Formation of Pennsylvanian age is displaced about
3 feet (0.9 m). Overlying Quaternary deposits do not appear
to be faulted.

(5) Displacements along the faults not observable in outcrops
but indicated on figure 2 are interpretive for the following
reasons: Thick glacial deposits mantle the bedrock throughout
most of the study area; outcrops are of small areal extent
and consist of strata so similar that their correlation is
difficult; and the distance between outcrops and test holes
available for interpretation ranges from 0.1 (0.161 km) to
1l mile (1.61 km). The greatest interpreted throw of the
Kereford Limestone on the Union fault, about 150 feet

(45.7 m), is in sec. 6, T. 9 N., R. 13 E. The greatest

11
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throw along the Humboldt Fault in the study area--about 100
feet (30.5 m)--is in T, 8 N., R. 12 E., 8ingle faults are
postulated but cannot be demonstrated because alluvium

and glacial deposits mantle the faulted rocks.

(6) The altitude of the top of the Kereford Limestone (fig. 2)
ranges from about 550 feet (168 m) above mean sea level in
the south-central part of the study area to over 1,175
feet (358 m) near the center of the northern border of the
study area.

(7) Faults and/or steep dips in the area probably reflect faulting
and steep dips at depth. Deeper structures are indicated
by contours drawn on the base of the Hertha Limestiune, a
formation in the Kansas City Group of the Missouri Series
of the Pennsylvanian System (Burchett, 1978) and on the
surface of Precambrian rocks (Carlson, 1967).

() Several deep drill holes have pr.aetrated the Precambrian
age rocks in Cass and Otoe counties. Locations of these
holes and the elevation of the Precambrian surface are
shown in figure 8. Interpretation of these elevations
indicates that faulting probably occurred in the Precamtrian
rocks along the Union Fault, also that Precambrian faulting
has occurred along the Humboldt Fault even though the
Pennsylvanian rocks do not appear-to be faulted adjacent to
and north of the intersection of the Union and Fumboldt
Faults.

(9) Microearthquakes recently recordec in Kansas and liebraska

(see next chapter) indicate that the Humbcldt Fault Z2cne is

13
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still slightly active. Past earthquakes of greater magnitude
also may have been associated with movements in the same

fault zone.
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EARTHQUAKE MONITORINC NETWORK IN NEBRASKA

R. R. Burchett

The Conservation and Survey Division (Nebraska Geological
Survey) and Dr. John Clough and Dr. Russell Smith of the Geology
Department of the University of Nebraska-Lincoln collaborated
in the installation of three portable microearthquake stations
in Nebraska during contract year 1978-79. Two of the stations,
near Beatrice and near Johnson, are replacements for the stations
near Crete and Auburn which developed high background noise.

The third was installed at a new site near Columbus. An additional

station was installed during the year in southwestern Nebraska

by the Kansas Geological Survey in cooperation with the University

of Kansas Department of Geology.

As of July 1, 1979, a total of six earthquake monitoring
stations were operating in Nebraska. Locations of the these
stations are shown in figure 9. Precise location and other
pertinent information about these stations are given below:

Site designation ILCN. Location: E/2 NE NE SC sec. 23, T. 10 N.,
R. 6 E.; lat. 40° 48' 42" N., long. 9%6° 42' 07" W.; on
University of Nebraska-Lincoln campus at Lincoln in Lancaster
County, Nebraska. Instrument altitude: 1,165 ft. (355 m)

msl datum. Operation begun September 1, 1977.

17
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Site

Site

Site

Site

Site

designation GAN. Location: SW NE NE SW sec. 12, T. 12 N.,

R. 10 E.; lat 41° 01' 17" N., long 96° 14' 47" W.; in Schramm
State Par! near Cretna in Sarpy County, lebraska. Instrument
altitude: 1,098.5 ft. (335 m) msl datum. Operation begun
December 16, 1977.

designation CUN. Location: Center SL NE NW sec. 1, T. 17 N.,
R. 1 W.; lat 41° 28' 44" N., long. 97° 22' 48" W.; on Platte
Technical Cormunity College campus near Columbus in Platte
County, liebraska. Instrument altitude: 1,530 ft. (466 m)

msl datum. Operation begun July 12, 1978.

designation JHN. Location: NW corner SW NE sec. 36, T. 6 N.,
R. 12 E.; lat. 40° 26' 49" N., long. 96° 01' 03" W.; on
Douglas Boellstorff farm near Johnson in Nemaha County,
Nebraska. Instrument altitude: 1,080 ft. (329 m) msl datum.
Operation begun December 5, 1978.

designation EMN. Location: NW SW SE NW sec. 26, T. 4 N.,

R. 5 E.; lat. 40° 17' 11" N., long. 96° 50' 08" W.; on
Homestead Wational Monument of America Site near Beatrice

in Gage County, Nebraska. Instrument altitude: 1,207 ft.

(368 m) msl datum. Operation begun June 20, 1979.
designation MKN. Location: 1lat. 40° 22.44' N., 100° 13.50°'

W.; near Medicine Creek Dam in Frontier County, Nebraska.
Instruwent altitude 2,395 ft. (730 m) msl datum. Operation
begun March 11, 1979,

Equipment at stations LCN, GAN, CUN, and JHN consists of

Geotech Portacorders model RV-320 and Geotech model S-~13 seismome-

ters

5=-500

and at the HMN and MKN stations consists of Geotech model

seismometers.

19



Each station is operated by a volunteer who agreed to (1)
permit installation of a seismometer vault on his property, (2)
provide housing for the amplifier-filter-recorder-clock system
and the WWV time-signal radio receiver, and (3) change the
seismograph recorder charts, replenish the ink supply, and reset
the clock whenever ne¢ essary on a 365-day-per-year basis. All
seismographic records with the exception of Medicine Creek are
sent to the University of Nebraska-Lincoln for preliminary analysis
and then are forwarded to the Kansas and Oklahoma Geological
Surveys for more detailed analysis. The seismographic records
from Medicine Creek are sent directly to the Kansas Geological
Survey.

The Nebraska seismometers, together with seismometers in
the adjacent part of Kansas, provide continuous coverage of
seismic activity along the buried Nemaha Ridge.

Eight micrcearthquakes centering in Nebraska were recorded
between August 1977 and July 1979. Table 1 and figure 10 show
the location of two microearthquakes in southeastern Nebraska,

two in central Nebraska and four in southwestern Nebraska.

20



12

TABLE 1
MICROEARTHQUAKES IN NEBRASKA

Latitude Longitude

Map Origin Time Approx.

Ref. Date zUTC]1 Dﬁg:ﬁﬁs Dﬁg::es Maqnitudez Remarks
1 1977 Aug 18 10:34:2745 41.416 98.468 2.8 Near Wolbach, Nebraska
2 1977 Dec 1 13:04:34.19 40.313 100.366 2.6 N Norton, Kansas
3 1977 Dec 1 13:22:45.38 40.316 100.297 2.7 NW Norton, Kansas
4 1978 Jan 13 20:15:28.0C 40.300 95.800 1.4 Near Howe, Nebraska
5 1978 Sept 14 08:06:19.92 40.722 100.223 2.6 NW Norton, Kansas
6 1979 Apr 8 22:46:06.07 41.200 98.742 3.0 Near Ashton, Nebraska
7 1979 Jure 6 16:16:21.61 40.231 100.388 2.8 Near Bartley, Nebraska
8 1979 Jure 12 11:13:11.95 40.404 96.037 1.6 Near Johnson, Nebraska

](UTC) Coordinated Universal Time.--Subtract € hours for Central Standard Time
2Magnitudes are estimated pending final calibration of duration magnitude
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GRAVITY AND GROUND MAGNETIC INVESTIGATIONS IN EASTERN NEBRASKA

R. R. Burchett and D. G. Maroney

Introduction

The purpose of this investigation was to extend the area
covered by gravity and ground magnetic data related to the Nemaha
Uplift and associated structures in ecastern Nebraska (fig. 11).
Gravity data were collected from Dodge, Saunders, and Washington
cocuntiee. Ground magnetic data and gravity data were collected

for southeastern Cass and northeastern Otoe counties.

Gravity Study

Gravimetric surveying is a geophysical technique that aids
interpretation of subsurface geologic structure. Used in this
type of surveying is a very sensitive weighing device, a Viorden
Master, which measures differences in gravity intensity (accelera-
tion) at specific points on the earth's surface. The principal
causes of gravity anomalies generally are either the dissimilar
compositions of crystalline basement rocks ard overlying sedimentary
rocks or density contrasts produced by vertical or horizontal
displacerents of rocks. However, other phenomena also can contri-
bute to differences in gravity intensity and in combination

with the principal causes can make gravity data somewhat ambiguous.
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All gravity base stations in the lNebraska Gravity Network
are tied to the National Cravity Network base station located
at the Lincoln Municipal Airport. Gravity stations established
during this study were located at seétion corners and in some
cases halr-mile section lines (fig. 12). Land-surface altitudes
at most stations could be determined directly from 7.5-minute
topographic quadrangles. For other stations, land-surface alti-
tudes were estimated from topographic contours and ¢ e accurate
within +2 feet.

Field gravity data were corrected for latitude, meter drift
and elevation; earth tides were not considered. The maximum
error in station altitudes was enough to produce variations of
+0.2 milligal. Slight inaccuracies in station locations--none
greater than 0.1 minute of latitude--could have produced errors
of no more than +0.08 milligal. A +0.02 milligal error was
possible from either tidal or instrumental sources. Therefore,
the maximum possible was +0.3 milligal but generally was much
less because some errors were compensatory.

Bouguer values were calculated fror assumed computational
density values of 2.5, 2.6, and 2.67 gm/cm3. The average density
value of 2.69 gm/cm3 obtained by Muehlberger and others (1964)
for two samples of Precambrian crystalline rocks indicated that
2.67 gm/cm3 would be the most realistic Bouguer computational
density value. Tests by the Nebraska Pepartment of Roads yielded
mean densities of 2.51 and 2.34 gm/cm3 for Pennsylvanian and

Fermian rocks, respectively, in the site specific study area.
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These three densities were used to compute the efforts of observed
gravity versus theoretical gravity tor anomaly interpretation.

In southeastern Cass and northeastern Otoe counties about
275 gravity stations were used to produce a hand-contoured Bouguer
gravity map (fig. 13). 1In addition about 1,540 gravity stations
were occupied in Dodge (fig. 14), Saunders (fig. 15), and Washington
counties (fig. 16). Data collected at these stations were used
to produce Bouguer gravity maps for each of the counties (figs.
17, 18, & 19). These data were also integrated with previously
collected data to generate a comprehensive regional Bcuguer

gravity map of eastern Nebraska (fig. 20).

Cround Magnetic Study

The instrument used in the ground magnetic survey was a
GeometricsR 826 Proton Magnetometer. This instrument measures
the total magnetic field with an accuracy of +1 gamma. Magnetic
anomalies are produced by differences in the degree of rock
magnetization (polarization). Although, to a large extent,
magnetic intensity is related directly to the percentage of the
mineral magnetite in rocks, depth to the magnetic source rocks
is another variable that affects the measurements.

During field operations about 530 magnetic stations were
established at 0.5- and 1.0- mile spacings in southeastern Cass
and northeastern Otoe counties. Sites selected as magnetic
stations were well-removed from artificial magnetic sources
such as fences, power lines, and pipelines. Corrections for

diurnal magnetic drift were made by making observations at a
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base station a: 3-hour inter-als and then using those observations
to correct, by .incoar interpolation, the readings made at field
stations between base stations. No corrections were made for
latitude. The final magnetic intensity data were contoured by
hand (fig. 21) and show very clearly the southern edge of the
midcontinent anomaly.

In order to identify potential sources of observed magnetic
anomalies, values of magnetic susceptibility were obtained for
several rock types in the study area by using a Bison lModel/3101
Magnetic Susceptibility System. According to the manufacturer,
che range of the system is from 0.00001 to 0.1 CGS units with
accuracy within 5 to 10 percent.

Magnetic susceptibilities of two groups of rocks were determined.
The first group consisted of representative samples of glacial
drift and Paleozoic rocks obtained during drilling of oil and
gas test wells. Because the samples were from cuttings, corrections
for density were necessary. Although some of the Paleozoic
rocks were ferruginous, none of the samples had susceptibilities
large enough (» 0.0028 x 10~% CGS) to produce discernible magnetic
anomalies. The second group was composed of samples of acidic
to basic rocks from the Precambrian basement. These samples,
which consisted of cuttings recovered from deep oil and gas test
wells, alsc required density corrections. Although the selection
was limited, only fresh appearing rocks were selected for measure-
ment. The values obtained showed a wide variation between samples;

they ranged from 166.0 to 4160.0 x 10~ ccs.
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APPENDIX A

This appendix consists of descriptions of the thirty-nine
test holes drilled in southeastern Cass and northeastern Otoe
counties. All locations are shown in figure 3 of the text.

All measurements in this appendix are expressed in feet.
To convert to the Irternational Syr =2m of Units, multiply feet

by .3048 to obtain meters.
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Test Hole 1-79

Location: Otoe County, NW NW SW sec. 6, T. 9 N., R. 13 E.,
approximately 394 feet south of half section line
and 33 feet east of west section line.

Ground-level elevation: 1,048.5 feet above mean sea level.

Started: May 15, 1979. Completed: May 15, 1979.

Total depth: 77.0 feet.

Description Depth, in feet
From To
Quaternary System:
SOil (no Sample)...............-.......-....... 0.0 e 2.0
Clay,; Drown, Sll8¥ccisssnitssnnsnassossostaness 2,0 = 17,0
Silt, grayish brown, claye@y...eeecececsscsnssss 17,0 = 21.0
Silt, reddish brown, clayey...cceesescescscssss 21.0 = 29.0
Silt, brownish gray, sandy..cscececsccecsccssss 29.0 = 29.5
Sand, fine to very coarse, and gravel, very
£ine tO fiNBicesvssvosssncisnssnsscisvevarsss 29:.5 = 30,0
Pennsylvanian System - Virgil Series - Shawnee Group:
Oread Formation:
Kereford Member:
Limestone, pale yellow, very finely crystal-
line; contains fusulinids and crinoids....... 30.0 - 34.0
hHeumader Member:
Shale, LIOBE GEBY.sssrsissfavasnbrovisisnsnssse - el » 38 2
Plattsmouth Member:
Limestone, pale yellow, very finely crystal-
line; contains fusulinids and crinoids....... 34.2 - 36.2
Shale' Olive................................... 36.2 -_ 36.4
Limestone, light tannish gra<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>