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Introduction

This report summarizes the results of a coring study that examined ten closely spaced, near
subsurface cores (NE SW NW, Sec. 8, T11S, R23E) in Wyandotte County, Kansas (Figure 1). These
cores were drilled through the Tonganoxie Sandstone Member of the Stranger Formation (Upper
Pennsylvanian, Douglas Group) behind the fluvial outcrop study site of Beaty et al. (1997) (Figure 2).
The outcrop at the study site provided an opportunity to examine contacts between sandstone sets,
analyze changes in grain size and mica distribution, and make closely spaced measurements of
permeability at an interwell-scale. However, examination of the two-dimensional exposure provided
little information about these properties away from the outcrop face. Study of the closely spaced cores
made it possible to analyze the three-dimensional distribution of in situ air permeability (K,) and
lithologic types, such as sandstone and conglomerate, at an interwell-scale.

The Tonganoxie Sandstone accumulated within an incised paleovalley that extended across much
of eastern Kansas during the early Virgilian (Figure 1). The valley-fill succession consists of very fine-
to fine-grained sandstone facies overlain by a regionally developed succession of interbedded,
heterolithic sandstone, siltstone, and shale facies (Archer et al. 1994; Feldman et al. 1995; Beaty, in
prep.). Feldman et al. (1995) interpreted the depositional environments of sandstone facies in the
Tonganoxie valley-fill. They divided the Tonganoxie Sandstone into four stratigraphic types: a basal
conglomerate and braided-fluvial sheet sandstone (type 1), arcuate to sinuous estuarine point bar and
channel sandstone (type 2), elongate pods of valley-head delta sandstone (type 3), and thin,
discontinuous shallow marine sheet sandstone (type 4). Archer et al. (1994) described the stratigraphic
architecture of Douglas Group sandstones and placed the Tonganoxie interval into a sequence
stratigraphic framework. The Tonganoxie Sandstone is an important groundwater aquifer (O'Conner

1960), and is an analog for sandstone hydrocarbon reservoirs with similar architectural and petrologic

characteristics (Beaty, in prep.).
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Outcrop Description

Archer et al. (1993) determined that the sandstone at the outcrop was deposited in a type 1 fluvial
setting. Beaty et al. (1997) analyzed K, values and petrologic attributes of the sandstone. They divided
the sandstone vertically into two intervals with similar characteristics. They determined that the
hydrodynamic properties of the intervals were distinctively different, warranting their division into an
upper and a lower flow unit.

The lower flow unit consists of trough cross-bedded (S;) sets (Figure 3) in channel (CH)
architectural elements (c.f. Miall 1985). Cross-cutting St sets are the result of repeated scouring and
filling during sandstone deposition. The St sets contain very fine- to fine-grained, micaceous quartz
sandstone. Small-scale studies of the outcrop face reveal that mica was more concentrated at the base
of the St sets in lamina near trough scours, than in upper portions of the sets (Beaty et al. 1997; Beaty,
in prep.). Beaty et al. (1997) used ground-penetrating radar (GPR) data from a grid of vertical profiles
to determine the width and orientation of St sets and CH elements. The S¢ sets are 5 to 10 m (16.4 to 32.8
ft) across and generally decrease in width upward. The axes of trough and channel scours trend toward
the southeast, suggesting that the local paleotransport direction was parallel to this direction (Beaty et
al. 1997).

The upper flow unit consists of St sets and low angle cross-bedded (S/) sets containing silty, very
fine- to fine-grained, highly micaceous quartz sandstone. Upper flow unit St sets are not as wide as
lower flow unit St sets and are typically less than 5 m (16.4 ft) across. In the upper flow unit, trough
axes of St sets have orientations that range from southeast to southwest.

At an exposure across the highway from the sandstone outcrop of Beaty et al. (1997), a
conglomerate interval is present at the base of the Tonganoxie Sandstone above the lower sequence
boundary of the Tonganoxie sequence (Archer et al. 1994). The conglomerate interval, which overlies
0.08 to 0.15 m (0.25 to 0.50 ft) of Weston Shale, consists of a 1 to 1.3 m (3.3 to 4.3 ft) interbedded
succession of conglomerate, conglomeratic sandstone, and minor sandstone. This interval is commonly

cemented with calcite and iron oxide or hydroxide, and has an undulating upper surface. Of the
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lithologic types present, conglomerate beds dominate the succession. Some of the conglomerate beds
are laterally continuous and can be traced for distances greater than 20 m (66 ft) along the outcrop face.
These beds consist of a bimodal assemblage of granule to pebble-sized shale, limestone, and limonitic
shale clasts, and minor wood fragments within a matrix of very fine- to fine-grained quartz sand. In
conglomerate beds, clasts consist mostly of angular limestone fragments and lesser amounts of angular
shale fragments that are up to 7 cm long. Clast abundance in these beds ranges from 20% to 70%. Clast
sizes vary from bed to bed, with granular clasts dominant in some beds and angular pebble-sized clasts
dominant in others. In conglomeratic sandstone beds, clasts are mostly less than 1 cm long and consist

of rounded shale fragments and lesser amounts of angular limestone fragments.

Methods

Ten 6.4 cm (2.5 inch) diameter cores were drilled in a 4500 m? area (48,200 ft*) in the field behind
the outcrop site (Figure 4). Six of the cores were drilled 16 m apart along an 80-meter-long northeast-
trending transect. The other four cores were drilled 28 m away from the 6-core transect; two to the
northwest and two to the southeast of the transect (Figure 4). Core T132 P014 was drilled
approximately 18 m from the outcrop face and northeast of outcrop permeability Station 250. An
outcrop profile containing permeability Station 250 is shown in Figure 3.

In the drill holes, wireline logs were used to determine conductivity and gamma ray values.
Wireline log gamma ray and conductivity values from each hole are plotted as graphs on the core
descriptions shown in Appendix 1 and in Plate 1.

A Temco Model MP-400 Electronic Field Gas Permeameter (minipermeameter) was used to make
measurements of K, values along the length of the cores. These K, measurements were made at
intervals that ranged from 7.5 cm to 15 cm (3 to 6 inches). Data collection and analysis methods for
minipermeameter measurements are described in Beaty (in prep.). Appendix 2 includes the values of

K, determined with the minipermeameter and includes data used to calculate the values. Graphs of
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these K, values are shown on the left side of core descriptions in Appendix 1 and on the right side of
the respective core description in Plate 1.

Horizontal K,, porosity, and grain density values were measured for 37 plug samples drilled at 30.5
cm intervals (+ or — 6 cm) from cores T104 PO14 and T132 P014, and for 8 plug samples from cores
T104 P062 and T104 P078. In the laboratory, a permeameter equipped with a Hassler-type sample
chamber was used to measure K, values for the cores, and a helium porosimeter was used to measure
porosity and grain density. Porosity, grain density, and K, values for these plug samples were
calculated using equations described in Beaty (in prep.). The minipermeameter was also used to
measure K, values for the plug samples and the results were compared with those obtained using the
laboratory permeameter. Appendix 3 contains values of K, that were obtained using these two
instruments on plugs from cores T104 P014 and T132 P014.

Thin sections were produced from the material trimmed off of the end of 44 of the plug samples.
The locations where plug samples and thin-section samples were extracted from the cores are indicated
in Plate 1 and Appendix 1. Thin sections were analyzed using standard petrographic techniques
(Williams et al. 1982). Appendix 4 contains the results of thin section analyses of plugs from cores
T104 P014 and T132 P014. Parameters that were analyzed in the thin sections included grain size,
sphericity, rounding, and sorting. The values of sphericity, rounding, and sorting were estimated using
thin section comparison photomicrographs and charts provided by Beard and Weyl (1973). In four
areas of each slide, mica, clay and cement percentages were estimated by comparison to charts
(Williams et al. 1982). A micrometer scale was used to measure grain sizes in four areas of each slide,
and approximately 80 grain size measurements in each slide were averaged (Appendix 4). Because the

values of all of these analyses are approximations, they are only used to examine vertical trends.
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Results of Analyses

Appendix 1 contains descriptions of the lithology and general sedimentary features of all ten cores.
Core descriptions note prominent bounding surfaces, and contain qualitative assessments of mica
content and grain size. The results of these macroscopic analyses were similar to the results of thin
section estimates of mica content and grain size.

All of the cores were drilled through the South Bend Limestone and contained the lower sequence
boundary of the Tonganoxie Sandstone. As in the conglomerate, the lower sequence boundary in the
cores directly overlies the Weston Shale (0.08 to 0.33 m (0.25 to 1.00 ft) thick). Lithologic types
present in the cores include sandstone consisting of St and S/ sets, conglomerate, conglomeratic
sandstone, and silty sandstone. The cores contain sandstone intervals from the lower and upper flow
units described along the outcrop. An interval above the upper flow unit, not present at the outcrop,
was observed in the cores. The interval above the upper flow unit generally consisted of S/ sets (Miall
1985), horizontal beds, and ripple beds. In the field where the cores were drilled, the uppermost
sandstone interval is exposed on the surface. A core drilled in the center of the surface exposure (core
T076 P046; Appendix 1) penetrated 1.5 m of sandstone from this uppermost interval.

In the cores, a total of 407 horizontal K, values were measured in sandstone with less than 5%
cement. The measurements were in sandstone from the lower flow unit, the upper flow unit, and the
interval above the upper flow unit. Minipermeameter measurements ranged from 51 millidarcies (md) to
3916 md, with a geometric average of 1094 md and an interquartile range (IQR, the range between 25%
and 75" percentile of values) of 1157 md. Horizontal K, values in the lower flow unit ranged from 110
md to 3916 md, with a geometric average of 1310 md and an IQR of 1131 md. In the upper flow unit,
horizontal K, values ranged from 63 md to 3134 md with a geometric average of 1154 md and an IQR
of 1475 md. In the interval above the upper flow unit, K, values ranged from 50 md to 2435 md, with a
geometric average of 680 md and an IQR of 504 md.

Both the upper and lower flow units contain varying quantities of muscovite mica (ranging from

0.5 to 8.5 %; Appendix 4), but upper flow unit sandstone sets commonly contain more mica than sets
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in lower flow unit sandstone. Thin section estimates of mica content from the upper flow unit yielded
values that range from 2.0% to 8.5%, with an arithmetic average of 4.6%. In samples the lower flow
unit, mica content ranges from 0.5% to 5.3%, with an arithmetic average of 2.5%.

Vertical K, measurements, made in the upper and lower flow units along the sandstone outcrop,
ranged from 13 to 2100 md, with a geometric average of 833 md (Beaty et al. 1997). Vertical to
horizontal K, (V:H) ratios along the outcrop ranged from 0.18 to 1.0, with an arithmetic average of
0.70. Although horizontal K, values were similar in the two flow units, vertical K, values in the upper
flow unit were lower than vertical K, values in the lower flow unit. The lower vertical K, values in the
upper flow unit are attributed to the presence of micaceous lamina boundaries. In upper flow unit
sandstone, lamina surfaces were greater than 0.5 mm thick and contained layers of very fine-grained
quartz sand, quartz silt, and detrital mica. Mica grains in these layers were at times slightly overlapped.
Where mica grains comprised greater than 50% of the volume of the layer, the platy grains formed
continuous layers that could significantly affect fluid flow. Vertical permeability measurements
perpendicular to these micaceous surfaces were relatively low (<300md) and V:H ratios in these
laminated intervals generally ranged from 0.2 to 0.5. Much of the sandstone in the lower flow unit
contain lamina surfaces with similar fine-grained, micaceous layers that are generally less than 0.5 mm
thick. In many of the lamina, mica grains did not overlap to form continuous layers. However,
presence of these layers did affect vertical fluid flow. The V:H ratios through lower flow unit lamina
generally ranged from 0.6 to 1.0. Commonly, vertical permeability measurements perpendicular to

lamina in the lower flow unit were equal to the corresponding horizontal measurement.

Cross-section Analysis

Cross-sections (Plate 1) were generated using data from core descriptions and wireline logs
(Appendix 1), and K, data (Appendix 2). The cross-sections contain lithologic descriptions of cores
and include qualitative assessments of mica, iron oxide or hydroxide, and calcite cement. In addition,

graphs of gamma ray, conductivity, and permeability values versus depth are shown. Cross-sections A-
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A’ and B-B’ (Plate 1) depict cores drilled 28 m apart along southeast-trending transects that
approximately parallel the local southeast paleo-transport direction (Beaty et al. 1997). Cross-section
C-C’ (Plate 1) depicts cores drilled 16 m apart along a northeast-trending transect, approximately
perpendicular to the local transport direction. Intervals were correlated between cores in the cross-
sections using information from core descriptions and wireline logs (Plate 1). In addition, line
drawings of the outcrop photomosaic (Figure 3) were compared to correlation lines along cross-section
A-A’. Profiles of GPR data from Beaty et al. (1997) were compared to correlation lines along cross-
sections B-B’ and C-C’. These comparisons made it possible to improve interpretations of the lateral
extent of sandstone intervals and infer realistic sandstone geometries at the same scales observed along
the outcrop.

Beaty et al. (1997) showed that St sets analyzed using the GPR grid are commonly less than 10 m
(30.5 ft) wide when measured perpendicular to trough axes. It is important to note that at a minimum
spacing of 16 m (52.5 fi), the cores were not close enough for correlation lines on the cross-sections to
delineate all of the individual scour surfaces between St sets. Instead, many of the correlation lines,
especially those that span the distance of the cross-sections, represent the boundaries between CH
intervals that contain groups of St sets.

In addition to sandstone from the upper and lower flow units, approximately half of the cores also
contained very fine-grained micaceous sandstone and silty sandstone from an interval above the upper
flow unit. In comparison to sandstone in the upper and lower flow units, the uppermost sandstone
interval contained a greater percentage of silt-sized quartz grains, generally contained greater than 6%
mica and greater than 5% mud (detrital clay minerals), and exhibited lower horizontal K, values. Some
of the plane beds and S/ sets contained alternating thick and thin lamina and the ripple beds contained
mud-draped reactivation surfaces. These beds extended throughout the GPR grid of Beaty et al. (1997),
and could be correlated through cores in cross-sections B-B” and C-C’ (Plate 1).

Many of the cores contained a basal conglomerate and conglomeratic sandstone interval similar to

the one described earlier (p. 3). However, unlike that outcrop, conglomerate was not always the most
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abundant lithologic type in this basal interval. The basal conglomerate and conglomeratic sandstone
interval in cores varied in lateral thickness and contained clasts of varying sizes. Clast abundance
generally ranged from 20% to 50%, although a few beds contained up to 70% clasts. Cross-section C-
C’ shows that the basal conglomerate and conglomeratic sandstone interval has an undulating upper
boundary. In most of the cores, the basal interval contains thin conglomerate beds (less than 15 cm)
with 2 mm to 10 mm clasts. Most conglomerate beds could not be correlated between cores. Only three
of the cores in cross-section C-C’ contained beds with significant clast concentrations in the lower 15
cm (0.5 ft) of the interval, just above the sequence boundary.

Along the sandstone outcrop, a few thin, laterally discontinuous, conglomeratic sandstone beds
were present at the base of trough scours. These types of thin conglomeratic sandstone beds were also
observed in many of the cores. Like basal conglomerates, conglomeratic beds at higher levels in the
fluvial succession were extremely variable in thickness along the scour surface and clast abundance
ranges from 20% to 50 %. In outcrop, upper conglomerates and conglomeratic sandstones were much

more limited in extent (less than 3 m (9.8 ft)) than the basal conglomerates in the outcrop across the

highway.

Thin Section Analysis

Analysis of thin sections (Appendix 4) revealed that quartz grain size in the sandstone cores ranged
from 0.09 mm (very fine-grained) to 0.17 mm (fine-grained). Beard and Weyl (1973) point out that
thin section measurements of grain size tend to underestimate the actual grain size of samples.
However, the results of the thin section grain size estimates are consistent with grain size sieve
analyses performed on four St samples near the study site (Minor 1969). The thin section grain size
measurements were sufficient to analyze vertical trends in grain size variation.

The thin sections contained subangular to subrounded and moderately sorted to very well sorted
guartz grains (Appendix 4). Estimated mica content in the samples ranged from 0.5% to 8.5%, and

averaged 2.5%. Estimated clay content in the samples ranged from 0.50% to 8.00% and averaged
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3.4%. The highest amounts of clay were observed in samples containing shale clasts. Cements
consisted of iron oxide and hydroxide in the upper portions of the cores and calcite and iron oxide and
hydroxide cement in lower portions of the cores. Samples from intervals in the upper portions of the
cores contained 2.0% to 5.0% iron oxide or hydroxide cement, and measured K, values in these
samples were generally greater than 1200 md. Measurements of K, in calcite-cemented intervals near

the base of the core commonly yielded values that were less than 1 md.

Wireline Log Analysis

Sandstone in the lower flow unit generally produces gamma ray intensity in the range of 40 to 70
counts per second (cps). Gamma ray values fluctuate with respect to position within St sets. As shown
in the detailed core descriptions (Appendix 1), mica was a common constituent in these rocks. The
magnitudes of gamma ray and conductivity values from the wireline logs corresponded roughly to
qualitative assessments of mica and mud content observed in cores and in thin sections.

The conductivity and gamma ray logs provided information conceming the location of bounding
surfaces. Intervals in the logs containing relatively small increases in conductivity (3-5 milli-
Siemens/meter (mS/m) for 6-12 cm intervals) and shifts in gamma ray intensity (to values greater than
60 cps) corresponded to mica-rich bounding surfaces observed in core.

Core holes containing the upper flow unit had high gamma ray values. Core descriptions and thin
section analyses demonstrated that this interval contained more mica, silt, and mud than sandstone
from the lower flow unit. In the cores, the silty sandstone in the interval above the upper flow unit
generally contains the most mica and generally exhibited the highest gamma ray values. Several of the
core descriptions in Appendix 1 describe sandstone from this interval and the cross-sections in Plate 1
show that the lower contact of the interval is relatively flat.

Iron-rich zones (Fe oxides and hydroxides) identified in cores commonly exhibited conductivity
values 10-20 mS/m higher than uncemented zones, while gamma ray values remained unchanged from

those in uncemented zones. As iron-rich zones commonly have relatively low permeability values (<10
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millidarcies (md)) and cause signal attenuation in GPR data (Martinez et al., in review), these findings
have implications for evaluating the suitability of sites for near-surface GPR studies where wells logs

are available but cores are not.

Comparison of K, Measurement Techniques

In order to compare K, values measured using minipermeameter and laboratory permeameter
analyses, 36 core plugs from cores T132 P014 and T104 P014 were analyzed (Appendix 5). Appendix
5 contains the results of conventional statistical analyses of K, and porosity values from laboratory
analyses and K, values from minipermeameter analyses.

Regression analyses comparing the results of the two measurement methods produced an R® value
of 0.94, a slope of 1.07, and an intercept of —29.5 suggesting that the two measurement techniques
yield comparable K, values (Figure 5, Appendix 6). In Figure 5, values are scattered almost equally on
either side of a regression line plotted diagonally on the graph. This observation suggests that there is
no systematic bias imparted to K, values obtained using either measurement method (Davis 1986). In
the 26 plug samples containing less than 5% cement, the geometric averages of K, measurements was
1538 md for laboratory analyses and 1561 md for minipermeameter analyses. The plug samples had an

average porosity of 34.1%.

Discussion

With a minimum separation distance of 16 m across the direction of transport (cores along cross-
section C-C’), CH intervals can be correlated between wells. The correlations provide a framework
within which to analyze lateral variations in lithologic types and permeability values. However, the
cores are not spaced closely enough to determine the lateral continuity of many of the St sets. The
lateral continuity of these St sets can be better defined using GPR data to obtain a relatively continuous
sampling between cores (Martinez et al. 1998). A study by Martinez (in prep.) analyzes vertical

profiles of 225-Megahertz (MHz) GPR data that parallel the cross-sections in Plate 1. These GPR
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profiles provide the close data spacing that is needed to image the bounding surfaces between these
cross-bed sets.

The difficulty in correlating sandstone horizons between wells using only the data obtained from
the cores made it necessary to compare the photomosaic (Figure 3) and GPR profiles from Beaty et al.
(1997) with cross-sections (Plate 1). By making these comparisons it was possible to correlate intervals
between cores and impart the types of geometry observed along the outcrop. An example of the results
obtained by such comparison is shown in cross-section C-C’ (Platel). By projecting a northeast-
trending profile from the GPR grid, it was possible to identify the location of a large channel discussed
in Beaty et al. (1997). A green line on Cross-section C-C’ highlights the location of the base of this
channel.

The magnitudes of permeability values within adjacent scour-channel fills are often different, but
the general permeability architecture of the channel fills is similar. The lowest permeability sandstone
(50 to 400 md) occurs near the base of channel fills and permeability values generally increase upward.
In sandstone samples from the lower flow unit, an inverse relationship was observed between mica
content and horizontal K, values. Gamma-ray values generally decreased upward within individual St
sets in the lower flow unit. In the St sets containing less than 5% cement, K, values generally increase
upward. Many of the intervals in the lower flow unit (Plate 1) contain this upward trend in K, values.
Analyses of petrologic characteristics of Sz sets along the sandstone outcrop and in cores, reveal that
lamina from areas near the basal scour surfaces of sets tend to contain more platy mica than lamina
higher in the set. The observed upward increase in K, values was also observed during a small-scale
study of St sets discussed in Beaty et al. (in prep.). A few intervals contain several such upward trends
in K, values as they likely contain several cross-cutting St sets.

The cores contain conglomeratic beds that occur at different stratigraphic levels and do not extend
between cores. Conglomerate beds at all stratigraphic intervals are similar in composition and tend to
contain mostly rounded shale lithoclasts with minor angular limestone fragments. Beds containing

thick (greater than 15 cm) shale- and limestone-clast conglomerate are not always present at the base
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of the cores (Appendix 1 and Plate 1) suggesting that the conglomeratic interval is sporadic in

distribution.

Interpretations

In the lower flow unit, St sets generally trend toward the southeast whereas in the upper flow unit,
many St sets trend toward the southwest, especially near the top of the unit (Beaty et al. 1997). This
change in the orientation of St sets suggests that the local sediment transport direction changed through
time. Near the top of the cored interval, increased gamma ray values are likely due to the increased
mica and mud content. Horizontal K, values in this interval are lower than the other sandstone
intervals (Plate 1). In many of the cores, silty and micaceous plane beds and S/ sets from the interval
above the upper flow unit contain alternating thick and thin sandstone lamina, suggesting that the
sandstone was deposited in an estuary. The presence of mud draped reactivation surfaces and ripple
crests in this uppermost interval reinforces the interpretation of an estuarine origin for this uppermost
interval.

In the lower flow unit, individual lamina contain quartz sand that is remarkably uniform in grain
size but contain differing percentages of mica, depending on position within the St set. Observations of
sandstone in St sets along the outcrop and the upward decrease in gamma ray values in St sets in core
suggest that during dune migrations within trough scours, finer grained and platy material was
concentrated at the toe of foreset beds. The presence of mica causes some basal sandstone lamina to
have lower vertical K, values, inhibiting hydraulic communication between cross-cutting troughs
(Beaty et al., in prep.). Values of V:H ratios across these bounding surfaces range from 0.6 to 1.0, with
the lowest values near the base of the trough scour and the highest values in lamina at the margins of
the trough scour (Beaty et al., in prep.). Along the outcrop, bounding surfaces between lamina at the
margins of scour-channel fills are commonly barely perceptible. Thus, lamina boundaries in these
marginal areas of the trough would likely be negligible barriers to fluid flow. Conversely, because of

their lower V:H ratios, the presence of micaceous sandstone lamina at the bases of trough scours may
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have a more marked effect on fluid flow (Beaty et al., in prep.). Micaceous sandstone lamina at the
bases of trough scours account for only a small percentage of the volume of sandstone, but they are
one of the most important controls on the permeability architecture of systems containing fluvial St
sets (Weber 1982).

Mica content was not the only factor that influenced the magnitude of horizontal K, values.
Magnitudes of horizontal K, values were also influenced by other parameters such as the grain size,
the degree of sorting, and the amount of iron oxide or hydroxide cement present. Beard and Weyl
(1973) suggest that grain size and sorting are the two most important controls on the permeability
values of sandstone. Minipermeameter and laboratory permeameter measurements of K, values in
sandstone containing thick sandy lamina with little mica are similar to permeability values measured
for wet-packed sandstone with similar grain sizes and degrees of sorting (Beard and Weyl 1973). In
samples with relatively little cement, micaceous lamina boundaries are the most likely cause of
dissimilarities between Tonganoxie Sandstone and Beard and Weyl (1973) values. Thin section
analyses reveal that samples containing >4% mica generally have significantly lower horizontal K,
values than samples containing thick sandy lamina with little mica, even when they contain quartz sand
with similar grain size and sorting (Appendix 4).

In incised valley-fills, conglomerate is generally thought to develop in fluvial valleys as a lag
deposit on the sequence boundary during eustatic lowstand (Zaitlin et al. 1994) or as a lag deposit
along ravinement surfaces during transgression (Van Wagoner 1990). The basal interval in most of the
cores did not contain as much conglomeratic material as the beds in the conglomerate outcrop (p. 3)
across the road from the sandstone outcrop. Observing the thickness and extent of conglomerate and
conglomeratic sandstone beds only along the outcrop could easily cause the investigator to infer that
they are of significant lateral extent. However, it was not possible to correlate even the thicker
conglomeratic beds between closely spaced core holes. The presence of conglomeratic sandstone beds
that occur sporadically, at higher levels in the cores suggests that clast developments were not limited

to lag deposits associated with unique chronostratigraphic surfaces. Such rapid changes suggest that
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autogenic processes may be responsible for distributing the conglomeratic material. The conglomerate
clasts may have come from nearby tributary valleys during times of downcutting and headward erosion
(Beaty, in prep.).

The observation that conductivity logs responded to changes in mica content is important for
interpretation of ground-penetrating radar (GPR) data. The micaceous surfaces have increased
conductivity resulting in attenuation of radar signals. As a result, these micaceous surfaces usually are
good electromagnetic reflectors. Caution must be used when interpreting conductivity logs in wells
without cores, however, because not all such perturbations are related to changes in mica content.
Conductivity values can also increase in the presence of iron oxide and hydroxide cements. Fe oxide

and hydroxide cements are highly conductive and absorb much of the GPR signal, causing attenuation.

Conclusions

At the fluvial study site, studies of cross-cutting St sandstone sets along the outcrop face yielded
two-dimensional information concerning the variability of lithologic types and distribution of K,
values, but revealed little concerning their three-dimensional variability. Closely spaced cores from
behind the outcrop face allowed the distribution of lithologic types to be studied in three dimensions
and allowed laboratory analyses of K, porosity, and grain density.

By comparing the cross-sections with the photomosaic and GPR profiles, it was possible to
incorporate realistic geometric information to all CH intervals and correlate intervals with disparate
well log and core information. In many cases, CH intervals were correlative across entire core cross-
sections. Although it was not possible to correlate many of the individual St sets between cores, the
cores provided very important information concerning vertical variations in lithologic types,
permeability values, and well log response through the sets.

The magnitudes of the K, values between vertically adjacent sets are commonly different, but the
general K, architecture of the St sets are very similar. In cores and in outcrop, an inverse relationship

was observed between mica content and horizontal K, values. Along individual lamina, quartz sand
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was remarkably uniform in grain size. In vertical profile, lamina contained differing percentages of
mica, depending on position within the St set. Platy material was concentrated at the toe of foreset beds
during dune migrations within trough scours. The presence of greater percentages of mica in the lowest
portions of trough scours may inhibit hydraulic communication between St sets in these areas.

Conglomeratic intervals in cores were not as well developed as those observed across the road from
the fluvial outcrop site of Beaty et al. (1997and conglomeratic sandstone also occurs at higher intervals
in many of the cores. These findings suggest that autogenic processes dominated the deposition of the
conglomerate beds. The conglomeratic intervals are not exclusively lag deposits associated with
unique chronostratigraphic surfaces related to different phases of relative sea level change.

Permeability values measured with the minipermeameter and lab permeameter yielded comparable
results. A statistical comparison of K, measurements found that no significant difference exists
between the values obtained using the two techniques.

Wireline logs were used to analyze the causes of reflections and signal attenuation in GPR data
obtained from the field. Micaceous lamina surfaces cause minor increases in conductivity and, thus, act
as electromagnetic reflectors. Conversely, iron oxide cements are highly conductive and absorb much

of the GPR signal causing attenuation.
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- Legend |

sandstone ﬁ f slumped strata
e limestone ——— muddy sandstone
i ——_ ripple bedding
-] shale
M 2-4%mica
| interval not recovered MM 4 - 6% mica

i MMM  >6% mica
oo Cc - calcite cement
Fe -iron oxide cement

—

B -K, measurement

———— horizontal beds
e (laboratory)
e - : 0 - K, measurement
— & conglomeratic clasts
= - (minipermeameter)

TS - thin section

Appendix 1 - Legend for descriptions of 10 cores from Wyandotte County, NE
SW NW Section 8, Township 11 South, Range 23 East.
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