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ABSTRACT

During the Fleistocene, the Wisconsinan ice sheet retreated
from North Dakota leaving a veneer of glacial drift over the
landscape. In the north-central area of the state, as the Souris
Lobe retreated, Glacial Lake Souris formed and deposited mostly
sand and =ilt over a large area of till. The purpose of this
study was to characterize the till beneath Lake Souris sediments
and to determine which descriptive parameters are most useful
for till data analysis.

The area of study is in McHenry and western Pierce Counties
and is contained entirely within the Glacial Lake Souris basin.
The North Dakota Geological Survey drilling rig was used to drill
holes, 36 of which penetrated till; a total of 109 samples were
collected. Till was characterized on the basis of textural and
lithologic analyses, in addition to visual hand-sample descriptions.
The textural analyses provided sand, =ilt, and clay percentages,
wvhereas the lithologic analysis provided percentages of fragments
of certain rock types (crystalline, carbonate, sandstone and
siltstone, shale, and lignite) in the very-coarse sand fraction
of the till. The best parameters for characterizing the till
wvere percent normalized silt ( silt % / silt % + clay % ) plotted
against percent normalized crystalline ( xtal % / xtal % +
carbonate % ) and percent sand.

The lithologic data show an increase in percent crystalline
rock fragments and a corresponding decrease in percent sandstone

and percent carbonate fragments in a southeasterly direction.
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Percentages of sandstone, siltstone, and lignite fragments peak
in the center of the lake basin and decrease toward the edges.
The textural data show that percent clay changes little throughout
the basin while silt values are high in the basin center and
sand is high near the basin margins.

The lithologic data indicate that differential resistance
of rocks resulted in relative increases in the resistant rock
types in the down-glacier direction. With the data obtained
from the study, it was possgible to identify two tills within
the study area. The first till, an older unit, was found in
several holes that formed a northwvest-to-southeast-trending linear
band near the southwest margin of the basin. The second, a

younger till, was found throughout the basin.

vi
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INTRODUCTION

Purpose

The purpose of this study is to characterize the tills found
beneath the sediments of Glacial Lake Souris, both texturally
and litholagically, and to determine which parameters are best
for characterizing tills in this study. The results of the analyses
will be used to deduce the number of tills present in the study
area. The area chosen was studied in conjuntion with a study
done on Glacial Lake Souris by Mark Lord for his doctoral
dissertation. Tills to the west in Ward County and to the east
in Pierce County were studied by Kehew (1983) and Schnacke (1982),
respectively, but tills hadn’t been studied extensively in McHenry
County. The information from this study could be used to correlate

tills in the area and other parts of North Dakota.

Area of Study

The section studied i=s the Pleistocene sequence in the Glacial
Lake Souris basin of McHenry County and western Pierce County
of north-central North Dakota (Figure 1). Specifically, the
area lies between T.151 N. and T.16@ N. and between R.71 W. and
R.8@ W. (Figure 2). The area is located entirely within the

Glacial Lake Souris basin.
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Figure 1, Area of Study
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Glacial History of the Area of Study

During the Pleistocene epoch, the Wisconsinan ice sheet
extended as far south as Iowae and covered all but the southwestern
corner of North Dakota. Aes the late-Wisconsinan glacier began
to recede from North Dakota, it became too thin to flow over
the Turtle Mountains and stagnated there about 12, @@ years ago
{Clayton, Moran, and Bluemle, 1980). At lover elevations, hovever,
the glacier still flowed around the Turtle Hountains as two separate
lobes, the Leeds and the Souris. The Leeds Lobe flowed southwvard
around the east side of the Turtle Mountains and the Souris Lobe
flowved southeastward around the west side (Figure 3) (Bluemle,
1985).

While the Leeds Lobe advanced to the Heiwmdal position, the
Souris Lobe receded to near the Velva area. Then the Souris
Lobe readvanced to the Martin Position (Figure 3) (Clayton, Moran,
and Bluemle, 19860). During this time there was intense thrusting
and fluting of sediments beneath the glacier (Figure 3) (Bluemle
and Clayton, 1984). After this rather quick advance, the glacier
began to recede again and Glacial Lake Souris formed in front
of the ice (Bluemle, 1985). Eventually, it covered a rather
large area of north-central North Dakota (Figure 4) and deposited
a sequence of mostly sand and silt over the till (Bluemle, 1982).

Much of the till in the study area is covered by Glacial
Lake Souris sediments. Isolated thrust hills poke through the
lake sediments at several locations. Besides these and some

river cut bank exposures, the till lies entirely beneath the
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surface of the study area. To the south there is much till exposed
on the Missouri Coteau. There is also water washed till surfaces

in the northern end of the lake basin in Bottineau County.

Previous Works
Little work has been done with tills in McHenry County.

A brief description of till facies is given in Geology of McHenry

County {(Bluemle, 1982). Two tills were described in Ward County

in Geology and Geotechnical Conditions of the Minot Area, HNorth

Dakota (Kehew, 1983). Two tills were also described in Pierce

County in Glacial Geology and Stratigraphy of scutheastern Pierce

and southwestern Benson Counties (Schnacke, 1982).

METHODS OF STUDY

Sample Collection

Samples for this study were collected during the summers
of 1985 and 1986 in conjuntion with Mark Lord’s doctoral dissertation
on the coarse-grained sediwments of Glacial Lake Souris. The
samples were collected with the North Dakota Geologic Survey
Mobile 5@ Hollow-Stem Auger Drilling Rig. Flights were pulled
straight out of the holes with no rotation to obtain good depth
control and to avoid sample mixing. Samples were taken at 2.5
foot depth intervals. The depth to till ranged from @ feet at
hole number 3 at the southwest edge of the basin to 50 feet in
the center of the lake basin. Holes were spaced to get an even

distribution of samples throughout the basin. Thirty-six of
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the holes drilled penetrated till and 1@9 samples were collected
and described in the field (figure 2). Three additional sawmples
vere collected by the author with hand auger at a depth of about

three feet in September 1986.

Laboratory Analyses

Samples were described in detail in the laboratory for color,
average grain size, maximum grain size, internal structures and
other noticeable features such as weathering and presence of
lignite. Samples vere generally classified as wmassive or layered,
sandy or silty, and weathered or non-wveathered.

Next, all samples wvere analyzed textually to determine sand,
silt, and clay content. The textural analysis was performed
by Dave Lechner of the North Dakota Geological Survey using the
hydrometer method described by Perkins (1977). From this procedure
the percent of the sample of each of the size classes was calculated
using the dry weight obtained for each class.

After the lithologic analyses, all samples were analyzed
lithologicelly. This was done by completing grain counts of
the very-coarse sand fraction of each sample. This provides
the percentages of fragments of certain rock types: crystalline,
carbonate, sandstone and siltsone, shale, lignite, and others.
The very-coarse sand fraction was chosen for analysis because
it was most useful for those doing lithologic analyses in the

past (Perkins, 1977); (Schnacke, 1982). Grain counts were accomplished
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using a binocular microscope, counting between 150 and 200 grains
for each sample. From this data percentages were calculated

for each litholaogic class of each sample.

Data Analyses
The depth, textural, and lithologic data were analyzed by
a number of methads. The depth values were subtracted from hole
elevations to obtain a structure-contour map. This was done
to shovw the elevation and topography of the upper till surface.
The textural data, broken into sand, =ilt, and clay ratios,
were plotted as horizontal bar graphs for each sample. Percent
sand was on the left, percent silt was in the middle and percent
clay was on the right, Percent gravel wvas ignored for this study
because it comprised too lov of a percent of the total of each

sample and because the average sample size was not large enough.

Each of the bar graphs for each hole were then stacked together

in correct stratigraphic arder (Table 1). This was done so that
any variations in texture within a single hole could be easily
recognized (Holes 37, 61, Table 1). Variations between holes
were also recognized in this way.

Next, the sand, =ilt, and clay percentages for the upper
till surface were plotted on a map of the study area and contoured
to show the distribution of each size class within the study
area. A longitudinal profile from hole 46 in the northwest corner

of the study area to hole 27 in the southeast corner was drawn
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SAND SILT CLAY

R

34.9 41.8 23.3
S0.4 349 147

34,3 40.5 25.2
35,0 39,5 25.5
36.4 37.6 26.0
36.8 38.4 24.8

13.3 57.0 29.7

32.2 389 28.9
32.7 38.9 28.4
3[4 3.3 2.3
35.2 38.0 26.8

321 333 36
29.0 347 36.3
21 BI 56

38.5 37.0 24,5
38.4 39.1 22.5
37.6  38.0 24.4
%5 34 21

32.7 42.6 24.7
7.0 38.3 4.5
3.9 40.8 27.3
32.5 40,6 26.9

22.6 46,0 3L.4

21,9 55.3 228
25.9 51.0 19.1
14.2 67.1 18.7
33.5 45.7 20.8

34.3 389 2.8 |
44.4 441 113
40.0 48.6 11.4
36.5 953.5 10.0
29.5 S6.1 14.4

3.1 25.2 437
52.6 34.3 3.1
.S 3.2 1.3
47.9 42.0 10.1
31.3 3.2 36.3
34,3 3.5 30.2
35.0 38.6 26.4
32.2 3.4 314
35.2 35.9 28.9
39.9 353 24.8

Table 1. Textural and lithologic percentages of selected holes,
HOLE- § SED XTAL CARB
DEPTH | % % v | <Eps xtar care | sawp SILT CLAY I
37.125 2.8 0 25,2 s}é:++++++++++ ceee SBSSSSE::::{%&
37.150 9.9 66.1 24.0 SOk +++++++++++4H0CCCT §55555558F======0((
39.123 3.2 129 - B3 R EARasasssiisny NEKKN §55558Gr======3CCCCC
39.150 8.3 64.7 26.9 SSl+++++++4+++440CCCC §885855F======0CCCC
39.175 10.6 70.8 18.6 S5+ +++++H+EHHHCCCE 5585555 CCCCC
29,200 5.5 70.3 24.2 hbbabebeb00CC 5555555 ======LCLCC
40,200 5.7 68,2 26.1 G+ e+etarrere00000 §§5=========LLCCCC
46,225 15.7 48.2 36.1 SS5¥++++++++HCCCCCCC 855855 ======90CCCCC
46.250 9.4 62.3 28.3 SO+ +++++++4++40CCCCC 5588558F======3CCCCC
46,275 12.3 5243 3.5 SSf+++++++49CCCCCCC §585559 ccce
46.300 11.2 53.1 35.8 GGk ++++++4+++CCCCCEC 5555559 gcce
49.225 16.4 53.9 29.7 SSSp+++++++++HLCCCCT §55555k=====0C00Ce
49,250 10.5 54.5 35.0 Sop+++++++++40CCCCCC 555855======LCCCLCC
49.275 9.5 59.5 31.0 GSh 444444444+ HL0CCCE 53655558 =====C0CC
51250 8.8 70.7 20.4 SGr++++++brHHHELCE §555555§=====£CCCC
51.275 7.4 70.9 21.6 S asaaas NNNN §555555%======= CCC
51.300 8.6 71.5 19.9 [ WUTITeRITIRRY Iy 5555855§F=======L(CC
51,625 5.3 747 20.0 S §55858¢=======F0CCC
52200 110 73.5 15.4 SH+++HE+HHHHHECT 555855g=======4 000
52.225 13.6 73.5 12.3 GoGk++++t 400 555855G======= ICCCCe
52,250 10.1 68.3 21.6 GoH++++H+HHHHHH4DCCC 555558========0CCCC
52.275 13.5 69.2 17.3 S85+H+++++++34+0CC £555588g=======5CCCCC
53.475 9.9 53.3 36.8 SGk+++++++++£L0C0CC 588§ gk=======L LLLCC
56.415 142 64,2 216 S5 ++E++e+++4000C 855 ========={Scccc
56,525  16.3 6B.1 15.7 S5G+H+++EEHHHHLLE 888855====2===L (L
56.550  11.0 63,0 26.0 ook +++++++4+4+000CC 59-&; """" fCce
56.575 3.5 70.6 25.9 FPUTOvTTRTIN 17 5555558F========L(CC
$9.200 3.1 73.6 23.3 Febbrb e+ EHLCCCE
59.225 9.3 86.9 3.7 T
59,250 1.7 616 2.6 s|r+++++++++++r cece
59.275 4.5 T74.2 21.2 Sh+++++i++++440C000
59.300 4.1 121 239 Sh++++++e+E4+440CCCC
B1.150 6.0 77.4 16.7 et HCCC §55555===LCCCCCCCC
61.175 12.6 73.6 13.8 Sqt++++E+EEEHHH40CC 55555555555 =====4(C
63,200 6.5 76.8 16.8 b HHEERERHCC 55555555555 ¢
§1,225 10.8 74.1 15.1 Lf: RESEEEETTITILL WK 595555858GF======F
£1.250 5.6 77.1 17.4 Spet+ritte+i++4LCC §558555F====CCCCCCC
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£1.350 55 72.4 2.1 Shett+eti+4LCCC §558855=======LCCCCC
61,375 7.2 745 183 GhHeabebebrpLCCE 8555886 =====LCLL
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to show variation in texture in the down-glacier direction (Figure
3

Like the textural data, the lithologic data were plotted
as horizontal bar graphs using percent sedimentary fragments
(% sandstone + % siltstone + % shale + % lignite) on the left,
percent crystalline fragments in the middle, and percent carbonate
fragments on the right. Again the graphs for each hole wvere
stacked in stratigraphic order to show variations within holes
and between holes (Holes 39, 52, 61, Table 1). These graphs
wvere then plotted next to the textural bar graphs for comparison.

Again, like the textural data, lithologic data were plotted
on maps of the study area and contoured. This showved the distribution
of the five major rock type fragments in the upper till surface.
Another longitudinal profile was drawn from hole 46 to hole 27
to show variation in lithology in the down-glacier direction.

Next, the values of four lithologic and textural parameters
were graphed against one another on crossplots to yield six plots.
These show the number of samples which meet certain lithologic
and textural parameters (e.g., between 60% and 70% sand and between
15% and 30% sedimentary fragments). The parameters used for
this analysis were percent sedimentary fragments, percent sand,
percent normalized crystalline (% crystalline / % crystalline
+ % carbonate), and percent normalized silt (% silt / %4 silt
+ % clay). Normalized parameters are merely a means of simplyfying
crossplotse because they allovw three variables to be plotted on

a two-dimensional diagram.

11
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RESULTS

The structure-contour map of the till surface forms a
depression roughly correponding to the Glacial Lake Souris basin
(Figure 5). Values increase from 1435 feet in the center of
the depression to 1560 feet at the southeast margin. Greatest
increases are seen to the north and south with lesser increases
to the east and west.

The distribution of sand (Figure &) shows high percentage
valuees in a northwest to socutheast trending linear band near
the southwest boundary of the study area. Values in this area
peak near 5@ percent sand. Values decrease avay from the band
to the northeast and southwest. Lowest values, about 15 percent,
cccur in the northeast corner of the study area.

Unlike sand, silt distribution (Figure 7) does not have

any pattern to it. There is an irregularly shaped high surrounding

three holes that have over 50 percent silt. Away from the peak,
values drop below 40 percent.

The clay percentages map (Figure 8) shows a rather broad
depression in the center of the study area. There also is a
trend of decreasing percent clay form northwest to socutheast.
Values range from approximately 15 percent in the depression
to 3@ percent in the northwest.

The longitudinal plot from hole 46 to hole 27 (Figure 5)
show a slight increase in sand and a slight decrease in clay

in the down-glacier direction {(Figure 9). Silt shows no net
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gain or loss. There are also local variastions in texture which
don’t seem to effect the overall trends.

The lithologic data also show trends. The percent carbonate
(Figure 1@) at the till surface shows a distribution that is
greatest in the northwest and decreases southeastward, or in
the down-glacier direction. Values decrease from 36 percent
to below 20 percent.

Percent shale {(Figure 11) also decreases in the down-glacier
direction. Values decrease rapidly in the north from 13 percent
to 1 percent, but over the southern end of the area values are
fairly constant, near 2 or 3 percent.

Sandstone plus siltstone percentages (Figure 12) repeat
the decrease to the southeast, starting at 4 percent and going
down to 1 percent or less. However, in the center of the basin
there is a broad peak of increasing values, some aver 8 percent.

Contradictory to the previously seen trend, crystalline
rock fragments show a general increase in percentage in the down-
glacier direction (Figure 13). Values incease from about 50
percent in the northwest to 75 percent in the southeast. There
is also a slight drop in percentages in the center of the study
area.

Percent lignite (Figure 14) is not very similar to the others
in distribution. There is no lignite found in either the northern
or southern ends of the basin but there is a broad peak of about
4 percent lignite in the center of the study area. It may be

noted that some lignite values could be higher than they should
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be since lignite fragments break apart easily, quickly raising
the number of individual grains within a sample.

The longitudinal profile from hole 46 to hole 27 (Figure
15) shows a great (25 %) increase in percent crystalline fragments
down-glacier. Percent carbonate and percent shale show moderate
decreases (about 1@ % each). Percent sandstone shows a slight
increase then a decrease to near @ percent. Percent lignite shows
an increase from @ percent to near 5 percent and back down to
@ percent.

The crossplotse were valuable for several reasons. Most
of the plots show a main peak or node where most of the samples
fell, and then another group of samples that plotted together,
but off of the main node {(Figure 16). 0One plot did not separate
the samples well, but plotted a2l1l samples together in one node
with many smaller peaks within it (Figure 17).

When the information from the crossplots was compared, it
was found that the samples that fell outside of the main node
on each graph vere consistently the same tills from graph to
graph. The samples were then split into tvo groups, main node
group and side group. The textural and lithologic data wvere
then averaged for each hole, depending on which group each the
hole’s samples belonged to. These average values were then plotted
and contoured for the main till.

The basic result of averaging the data was to reduce the

magnitudes of peaks and valleys on the contours, to give them
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less relief. Trends are basically the same and in fact, show

up better on the contours {(Figures 18 & 19).

DISCUSSION

The variations in lithology are a result of several processes.
First, till lithology is a function of source bedrock. Crystalline
material is ultimately derived from the Canadian Shield. Carbonates
are derived from lower Paleozoic units fringing the shield.
Sandstone, siltstone, shale, and lignite fragments come from
Cretaceous and Tertiary formations of North Dakota and socuthern
Canada {(Bluemle, 1985). Source material can also be any preexisting
glacial sediments overridden by the advancing glacier.

Local increases of clastic sedimentary rock fragments on
the contours are probably due to nearby bedrock formations {(Figure
20). This could especially be the case for the lignite, which
occures as an isolated peak. This is also causing the minor variations
in the longitudinal profiles (Figure 15).

Another trend in the lithology is the increase in percent
crystalline fragments to the southeast (Figure 13). This corresponds
to a decrease in most other fragments, particularly percent carbonate
fragments and percent shale fragments. This is probably due
to differential resistance of rock fragments. This results in
a relative increase in the more resistant rock types, such as
crystalline, in the down-glacier direction. It is assumed that

the number of grains don’t actually increase, but the percent
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of the total does. This explains the increase in percent crystalline
to the southeast and the decrease in the others.

The bar graphs of the textural and lithologic data (Table
1) can be used to show variations within holes and between holes
as already discussed. By itself, the results of these analyses
didn’t seem extremely helpful, just as the contour plots of the
textural data didn’t seem very useful. But after analyzing the
crossplots, the other information could be tied together.

The textural data, when plotted against the lithologic data
on the crossplots, became useful in separating the main node
samples from the side group samples. Then, the main group samples
and the side group samples were all plotted on a study area map.
Most of the samples of the side group were found to fall in a
northwest to southeast trending linear band near the southwest
margin of the study area (Figure 21). This position coincides
with the band of high percent sand (Figure 6). The break between
the two groups also can be seen in the bar graphs of several
holes, such as 37 and 61 (Table 1). Because of the consistent
differences between these two groups, it is likely that they
represent two tills. Since the main till usually overlies the
other till when both are present at one location, the main till
is considered to younger. The younger till is found throughout
the study area. Average textural and lithologic values vere
calculated for each of the tills (Table 2).

It i=s also posaible that the side group samples are not

from a separate till. The differences in texture and lithology
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i
Table 2. Average Textural and Lithologic Values
Texture Main Till Older Till
i
| % Sand 38. 4 37.5
X 5il1t 38.1 46.0
% Clay 26.7 15.9
|
i
Lithology
| % Crystalline 3.3 2.2
‘ % Carbonate 68. 3 77.6
% Sandstone/ 26.4 21+ 7
Siltstone
% Shale 3.8 37
# Lignite 1.4 1.8

g
:
:
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could be due to sediments that were picked up by the advancing
ice. These could be early glacial Lake Souris sediments or glacial
sediments that were deposited during an earlier advance.

The best parameters used in this study for separating the
two tills on the basis of texture and lithology vwere percent
normalized crystalline versus percent normalized silt and percent
sand versus percent normalized silt. This is because the differences
between the two tills are actually their percent of sand, silt
and crystalline rock fragments. The textural differences may
reflect local sediments that were picked up by the glacier and
redeposited. A possible socurce for the sediments could be an
early Glacial Lake Souris. Since there is no crystalline bedrock
near the surface of McHenry, the crystalline fragments were probably

picked up from sediments.

SUMMARY AND CONCLUSIONS

To summarize, the information from this study seems to indicate
that two tills are present in the study area. This agrees with
Kehew’s {(1983) resultse in Ward County to the west, and with Schnacke’'s
(1982) reults in Pierce County to the east. In this study, tills
were characterized on the basis of texture and lithology. This
data was then used in a variety of analytical techniques to find
and describe any variations in the till. some of the techniques
included bar graphs, contour maps, longitudinal profiles and
crossplots. The crossplots proved most useful in differentiating

the two tills.

28




APPENDICES

0Q0000Q000Q000Q000000000000,0000,0000000000009¢



il

RO

.'..."..ﬂ..ﬂ..“...‘...‘...‘.O.‘..,‘,..‘.

APPENDIX A : SAHNPLE LOCATIONS AND DESCIPTIONS

N-FILE # Twvp Rage Sec 1/4 CAHPLE # - SECTION COLOR ACID HAX DTHER
CLAST

N4201 156 76 22 ddd wl-17 TILL SY es2 L 15mm HASSIVE, SILTY
Wl-20 TILL SY S5/2 L 1S5mm HASSIVE, SILTY
W1-25 TILL SY 6/2 L 15mm HASS1VE, SILTY
W1l-3@ TILL SY 571 L 1Smm HASSIVE, SILTY

y SARD KO SANPLE

w1-37 TILL SY 571 L 15mm HASSIVE, SILTY
¥1-45 TILL 5Y 6/2 L Emm BASCIVE, SILTY

N42Z0Q2 155 77 a1 dbb w2-17.5 TILL SY 671 L 15mm HASSIVE, SANDY
w2-20 TILL SY 6/2 L 15mm MASSIVE, SANDY

N42Q3 154 78 S ads w3-@ TILL SY 6/3 L 15mm LAYERED, SILTY -

HIGHLY WEATHERED

W/SUBANGULAK CLASTS
W3-5 TILL SY 6/3 | 15mm LAYERED ,SILTY

W/ANGULAR CLASTS

N42e04 155 78 le cecd ¥4-12.5 TILL SY &/2 L 15mm HASSIVE, SILTY
W4-15 TILL SY 571 L Emm LAYERED, SANDY
N42@e5 1S5S 76 18 ' cece WEe-22.5 TILL SY &es2 H &mm MASSIVE, SILTY
N4206 156 s 25 dda W7-37.5 TILL 5Y €/2 L S5@mm LAYERED, SANDY
W7 =40 TILL SY 62 L 1@mm HASSIVE, SANDY
N4207 156 77 az aaa We-55 TILL SY 571 L 4mm HASSIVE, SILTY
w8-57.5 TILL SY es2 H 3mm LAYERED, SILTY
WE-6EQ TILL SY 571 5 4mm HASSIVE, SILTY
H4208 156 78 26 bba W9-47.5 TILL SY 571 L 1@mm MASSIVE, SILTY
wo -5 TILL SY 6/1 L 15mm MASSIVE, SILTY
R4209 156 78 31 bba wWiQ-12.5 TILL SY 5/3 L 15mm LAYERED, SILTY
OUX1D1ZED
Wie-15 TILL SY 5/1 n Smm HASSIVE, SILTY
N421e 156 76 2 ade Wi1i-12.58 TILL 5Y &6/1 ] Smm MASSIVE, SANDY
Wil1-17.5 TILL 5Y 571 L 4mm HASSIVE, SILTY
W1l1l-20 TILL SY S/2 L 4mm HASSIVE, SILTY
N4211 157 76 35 ccc W14-15 TILL =Y S71 L 25mm HASSIVE, SAHDY
Wil4-17.5 TILL SY 671 H 4mm MASSIVE, SILTY
Wi4-20 TILL 3Y &/1 L 4mm HASSIVE, SILTY
NaZ12 154 78 36 BB8 W15-27.5 TILL SY 571 Is &mm HASSIVE, SILTY
w15-30 TILL SY 571 L Smm HASSIVE, SILTY
N4213 154 7?7 25 bba W1l6-15 TILL SY 571 M Smm MASSIVE, SILTY
®ie-12. 5 TILL SY &6/1 L 20mm MASSIVE, SILTY
w16-20 TILL SY 62 L 7mm BASSIVE, SILTY
N4214 154 77 2 cce W17-22.8 TILL SY 6/2 H Smm HACSIVE, SAHDY
Wi17-25 TILL S5Y e/2 L 4mm HASSIVE, SANDY
m-c SAND
N4215 156 75 28 ccc Wis8-20 TILL 3Y &/1 L 15mm LAYEKED, SILTY
N4216 154 74 21 cec w22-7.8 TILL 5Y 6/1 L 4mm MASSIYE, SILTY
w22-1@ TILL SY 671 L 4mm MASSIVE, SILTY
N4Z17 155 7S 24 ddd N23-12.5 TILL Y S/ L 3mm LAYERED, SILTY
X WEATHERED
wW23-17.5 TILL SY 572 L 15mm LAYERED, SILTY
WEATHERED
N4218 155 74 1 ccd wW24-7.5 TILL S5Y &/3 H Smm LAYERED, SILTY
WEATHERED
W24-10 TILL 5Y &/3 H Smm LAYERED, SILTY
WEATHERED
LIGNITE PRESENT
N4219 15?7 74 13 aaa wW25-22, TILL 5Y 6/2 H EBmm LAYERED, SILTY
W25-25 TILL 3Y 572 H Smm LAYERED, SILTY
w25-27.5 TILL 5Y 671 H Smm LAYERED, SILTY
W25-30 TILL 5Y S/71 Smm LAYERED, SILTY
K4220 153 73 23 ddd w27-5 TILL SY S/4 H Emm HASS1VE, SILTY
i HIGHLY WEATHERED
w27-7.5 TILL SY 673 H 15mm LAYERED, SILTY
wW27-10 TILL SY 6/3 H Imm LAYERED, SILTY
30
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APPENDIX A : SAHPLE LOCATIONS AND DESCIPTIONS

N-FILE ¢

H4221

N4222

N4223

T N4225

N4226

N4227

KR4228

H4229

KH423@

N4231

N4236

Twp Rge
154 -
154 76
154 76
155 75
157 78
157 78
157 7?
157 76
159 79
159 76
154 76
154 77
158 73
157 78
187 73
152 73

Sec

29

15

33

12

11

16

16

17

11

18]
N

15

174

bbb

bbb

bbb

ccc

bbb

ddd

ccb

bab

bdb

SANPLE ¢
w28-15 TILL SY
w28-17.5 TILL SY
w28-20 TILL SY
wW30-45 TILL SY
W30-47.5 TILL 5Y
w3e-50 TILL SY
W30-52.5 TILL 5Y
wW30-55 TILL 3y
W31-25 TILL 5Y
w3aL-27.35 TILL 5Y
w31-30 TILL 5Y
w33-12.5 TILL SY
w33-15 TILL 5Y
W35-25 TILL SY
w35-27.5 TILL BY,
w35-30 TILL SY
wW37-12.5 TILL 5Y
LACUSTRINE CLAY
w37-15 TILL SY
W39-12. TILL S5Y
w39-15 TILL 5Y
¥39-17.5 TILL SY
w39-20 TILL SY
c-SAND
TILL{(diamict)
SILT
SILT
wW40-20 TILL SY
W46-22.5 TILL SY
w4a6-25 TILL 5Y
w46-27.5 TILL SY
W46-30 TILL SY
w49-22.5 TILL =14
w49-25 TILL SY
W49-27.5 TILL S5Y
wS51-23 TILL SY
w51-27.5 TILL 3Y
w51-27.S5 TILL
wS51-30 TILL 5Y
wS1-32.5 TILL 5Y
w52-2 TILL 5Y
¥52-22.5 TILL S5Y
wS2-2 TILL SY
¥52-27.5 TILL 5Y
CLAY
wS53-47.5 TILL SY
vi-SAND
¥56-41.5 TILL SY
vi-SAND
W56-52.5 TILL S3Y
w56-55 TILL SY
w56-57.5 TILL S5Y
W59-20 STRAT.DILAH. 5Y
W59-22.5 STRAT.DIAN SY
¥59-25 TILL SY
w59-27.5 TILL S5y
w59-30 TILL -2 4
wE61-15 TILL SY
wW61-17.5 TILL SY
w61-20 TILL 5Y
w61-22. TILL SY
w61-25 TILL SY
w61-27.3 TILL SY
w61-30 TILL 5Y
w61-32.5 TILL S5Y
w61-35 TILL SY
w61-37.5 . TILL S5Y

SECTION COLOR

673
6/3

571

6/2
6/2
6/1

&6/1
571

671
571
571

6/2
S/1

6/2
671
571

6/1
6/2

571
&6/2
6/1
672

6/2

5/71
572
671
6/1

5/2
672
671

S/71
S/71

571
S/71

671
6/1
671
6/1

S/2

6/2

6/2
6/2
Ss/2

6/3
6/3

671
671
671

571
571
6/1
€71
571
S/71
S/71
571
571
571

ACID

= rx re rar xTx Xz

T Br axr XXX x TAIXTX

rsrcx

rcrraxrrxx

HAX OTHER
CLAST
Smm LAYERED, SILTY
HIGHLY WEATHEKRED
Smm LAYEREDL, SILTY
HIGHLY WEATHERED
2mm LAYERED, SILTY
LIGHTLY WEATHERED
30mm NASSIVE, SILTY
10mm HASSIVE, SILTY
40mm LAYEREDL, SILTY
] W/ABUNDANT LIGNITE
Smm LAYERED, SILTY
4mm HASSIVE, SILTY
10mm HASSIVE, SILTY
15mm HASSIVE, SILTY
&mm HASSIVE, SILTY
20mm HASSIVE, SILTY
&mm HASSIVE, SILTY
15mm HASSIVE, SILTY
1omm NASS1VE, SILTY
10mm HASSIVE, SILTY
amm LAYERED, SILTY
Smm LAYERED, SANDY
Smm LAYERED, SILTY
&mm LAYERED, SILTY
amm LAYERED, SILTY
amm LAYERED, SILTY
1emm MASSIVE, SILTY
1@mm HASSIVE, SILTY
15mm LAYERED, SILTY
amm MASSIVE, SILTY
Smm HASSIVE, SILTY
1@mm LAYERED, SILTY
1omm LAYERED, SILTY
Smm MASSIVE, SILTY
1@mm MASSIVE, SILTY
10mm HASSIVE, SILTY
“mm MASSIVE, SILTY
1@mm MASSIVE, SILTY
2@mm HASSIVE, SILTY
20mm HASSIVE, SILTY
20mm HASSIVE, SILTY
30mm HASSIVE, SILTY
30mm LAYERED, SILTY
15mm LAYERED, SILTY
20mm LAYERED, SILTY
20mm LAYERED. SILTY
1@mm LAYERED, SILTY
10mm LAYERED, SILTY
WEATHERED
Zomm LAYERED, SILTY
WEATHERED
10mm MASSIVE, SILTY
10mm HASSIVE, SILTY
lomm LAYERED, SILTY
Amm MASSIVE, SILTY

4mm MASSIVE, SILTY
Amm MASSIVE, SILTY

4mm HMASSIVE, SILTY
Bmm MASSIVE, SILTY
Bmm MASSIVE, SILTY
Bwmm MASSIVE, SILTY
Bmm MASSIVE, SILTY
Bmm LAYERED, SILTY
Bumm LAYERED, SILTY
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APPENDIX B: LITHOLOGIC AND TEXTURAL DATA
LITHOLOGY TEXTURE

SHALE CRYSTAL. CARB. SD+SLT LIGNITE SAND SILT  CLAY
Wi-17 2.7 €0.5 25.9 9.5 1.4 2.7 39.2 28.1
W1-20 4.3 63.6 21.0 9.9 2.2 92.7 29.2 28.1
W1-25 a.5 65.7 22.4 8.4 2.9 31.@ 40.5 28.5
W1-30 3.3 65.8 24.2 5.8 .8 32.6 40.1 27.3
W1-37 3.4 72.% 19.0 4.1 1.4 36.3 35.8 27.9
Wi-45 2.9 59.4 30.4 6.5 0.7 34.0 37.9 28.1
W2-17.5 2.2 70.6 16.9 8.8 1.5 50.4 31.0 18.6
W2-20 2.6 66.2 25.2 s.3 2.7 50.9 33.2 15.9
W3-0 a.7 71.1 23.2 4.2 0.7 37.1 34.@ 28.9
W3-5 .0 70.5 23.0 6.5 °.0 32.6 37.2 30.2
W4-12.5 2.3 67.7 23.3 6.0 °.8 3.8 37.1 26.1
Wa-15 2.1 62.0 27.5 €. 2.4 41.6 34.1 24.3
W6-22.5 2.7 60. 0 29.3 6.0 2.0 33.9 S1.5 14.6
¥7-37.5 @.0 78.8 11.6 5.5 4.1 39.0 S6.2 a.8
w7-4@ a.a 81.1 15.7 2.4 2.0 45.2 48.9 s.9
W8-S5 2.5 €9.4 14.9 6.3 5.0 30.2 43.1 26.7
W8-57.5 3.1 €8.5 20.0 5.4 3.1 29.5 43.6 26.9
WB-60 e.o 32.4 S.4 13.5 48.6 18.7 66.7 14.6
w9-47.5 4.3 58.@ 20.3 Sls 12.3 47.2 32.2 20.6
¥9-50 2.6 71.2 19.2 28 4.5 38.9 38.7 22.4
W10-12.5 .7 €5.5 29.0 4.8 0.0 36.7 35.7 27.6
W10-15 .7 64.8 28.9 5.6 2.0 37.4 37.7 24,9
Wi11-12.5 2.0 70.5 23.5 4.9 2.0 41.3 38.3 20.4
W11-17.5 1.4 73.0 25.5 2.0 2.0 39.2 39.0 21.8
W11-20 1.9 74.7 20.3 2.5 2.6 35.4 239.8 24.8
Wi14-15 1.3 €6.9 26.9 3.8 1.3 34.5 39.9 25.6
W14-17.5 3.4 65.8 26.1 5.0 2.0 35.2 238.8 26.0
W14-20 a.e 64.5 31.4 1:2 2.0 35.4 38.4 26.2
W15-27.5 1.5 €9.2 22.3 4.6 2.3 33.6 38.7 27.7
W15-30 Al 64.8 24.1 5.5 1.4 32.1 392.8 28.1
W16-15 4.3 72.1 17:1 4.3 2.3 35.3 36.1 28.6
W16-17.5 2,1 72.7 23.1 2.3 2.0 34.2 38.2 27.8
W16-20 2.2 70.9 22.4 1.5 3.0 32.8 38.1 29.1
W17-22.5 2.8 66. @ 25.7 5.6 2.0 42.0 44.6 13.4
W17-25 1.4 80.9 11.3 2.8 3.5 39.6 42.4 .18.0
Wi8-20 4.3 63.1 3e.5 i ©.0 29.0 41.8 29.2
W22-7.5 3.5 70.4 19.7 4.2 2.4 42.4 36.2 21.4
W22-10 4.7 76.6 15.6 1.6 1.6 35.1 37.9 27.@
W23-12.5 3.1 738 21.1 2.3 2.3 34.9 40.5 24.6
W23-17.5 a.a 79.9 19.4 0.7 2.0 34.9 3%.1 26.@
W24-7.5 @.8 73. 4 25.0 o.8 2.9 36.7 40.9 22.4
¥24-10 3.7 71.4 20.5 4.3 .0 34.2 41.2 24.6
W25-22.5 2.0 71.9 26.7 .7 .7 28.3 41.6 30.1
W25-25 3.5 63.4 30.3 .7 21 29.6 43.1 27.3
¥25-27.5 3.3 66.9 24.5 5.3 2.0 24.7 37.9 37.4
W25-30 2.2 67.9 27.7 2.2 e.@ 35.4 37.7 26.9
W27-5 °.0 74.2 2s.8 e.e 0.0 43.9 236.0 20.1
W27-7.5 0.0 79.3 20.7 .0 2.0 43.9 38.2 17.9
W27-10 1.9 72.3 25.8 °.0 0.0 42.7 39.5 17.8
W28-15 0.7 75.3 23.3 2.7 .0 44.1 30.8 25,1
W28-17.5 3.4 71.2 24.90 1.4 e.a 36.1 39.1 24.8
w28-20 2.9 63.8 28.3 a.6 1.4 33.8 4.5 25.7
W30-45 1.3 71.1 24.3 2.6 0.7 44.1 42.6 12.3
w30-47.5 2.2 76.3 16.5 1.4 3.6 31.6 S4.0  14.4
W30-50 2.2 78.1 19.1 e.s5 e.e 41.7 45.9 12.4
¥W30-52.5 1.9 71.3 25.6 1.3 @.0 47.4 38.9 13.7
W30-55 1.9 77.3 18.2 e.6 1.9 47.9 37.5 14.6
W31-25 2.9 €5.5 16.5 5.8 9.4 36.1 296 24.3
¥31-27.5 2.2 70.4 23.7 1.5 2.2 34.8 41-1 24.1
W31-30 3.1 67.9 22.9 2.3 3.8 35.2 49.5 24.3
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o APPENDIX Bi  LITHOLOGIC AND TEXTURAL DATA
a LITHOLOGY TEXTURE
1 SHALE CRYSTAL. CARB. SD+SLT LIGNITE SAND SILT  CLAY
’ w33-12.5 1.5 64.2  29.1 4.5  e.7 . A Ay
W33-15 et 24 TS .0 0.0 30. 1 . .
o w35-25 1.9 63.9 29.7 26 1.9 35.5 3:-: gg:
o W35-27.5 8.2 6.7 255 23, 1.9 PLg  SE | 3D
w35-30 2.2 B8.3 ° .7 4.3 3.6 as.9 . .
Ling W37-12.5 .7 72,0  25.2 1.4 0.7 i v A e
W37-15 5.3  66.1  24.0 e 1.8 s50. 4 . .
’ w39-12.5 1:9 7.9 2.9 3.9 o0 34.3 4o.5 25.2
w39-15 3.8 64.7  26.9 .a  e.6 35.0 39.5 25.5
(1] W39-17.5 6.2 70.8  18.6 4.3 0.0 36.4 37.6 26.0
W39-20 3.e 70.3 24.2 2.4 e.a 36.8 38.4 24.8
® W40-20 22 6a2 %3 2.5 e.0 13.3 s7.@  29.7
L] W46-22.5 13.3  48.2  36.1 2.4 o.0 32.2 38.9 28.9
W46-25 8.7 S2.% 3§ 3.1 0.6 32.7 38.9 28.4
' W46-27.5 9.7 52.3 33.5 2.6 e.0 35.4 37.3 27.3
W46-30 9.5 s3.1 a3s.8 T e 35.2 38.0 26.8
o W49-22.5 12.1  53.9 29.7 4.2 0.0 32.1 233.3 34.6
W wa9-25 9.1 S4.5  35.0 1.4 o.0 29.0 34.7 36.3
W49-27.5 8.9 S9.5 31.0 2.6 0.0 39.3 35.1 25.6
Lin] W51-25 2.7 70.7 20.4 A 2.7 38.5 37.0 24.5
WS1-27.5 4.1  70.9 21.6 2.0 1.4 38.4 39.1 22.5
¥51-30 2.3 74.3 ° 19,9 2.8 2.6 37.6 38.0 24.4
W51-32.5 1.3 74.7  20.0 2.6 2.0 36.5 38.4 25.1
¥52-20 2.7 73.5 1S.4 4.4 2.9 32.7 42.6 24.7
® ¥52-22.5 2% RS T %9 6.1 4.8 37.0 38.5 24.5
ws2-25 2.9 €03 2.6 2.4 4.8 31.9 40.8 27.3
® ¥52-27.5 A 3 %5 s 3.8 32.5 40.6 26.9
¥53-47.5 5.2 533 2.8 4.6 0.0 22.6 46.0 31.4
¥56-41.5 7.4  64.2  21.6 €.a o.0 21.9 55.3 22.8
¥56-52.5 1.2 68.1  15.7 4.2  10.8 29.9 51.@ 19.1
¥S56-55 2.0 63.0 26.0 3.2 6.0 14.2 67.1 18.7
o WS6-57.5 1.4 70.6 25.9 2.1 0.0 33.5 45.7 20.8
¥59-20 ¢ PE& 223 2.5 o.0 34.3 38.9 26.8
(1] ¥59-22.5 2.8 86.9 a.7 6.5 0.0 44.4 44.1 11.5
¥59-25 2.8  67.6 24.6 2 o7 40.0 468.6 11.4
¥59-27. 5 .0 74.2 21.2 4.5  e.0 36.5 53.5  10.0
¥59-30 e.e 72.1  23.9 4.1 .0 29.5 56.1 14.4
We1-15 e.0 77.4 16.7 6.0 0.0 31.1 25.2 43.7
W61-17.5 13 9.6  13¥ 98" 3.4 52.6 34.3  13.1
[111] ¥61-20 .0 76.8 16.8 &8 1.9 si.8 37.2 11.9
W61-22.5 22 .4 . a8 43 4.2 47.9 42.0 10.1
(1] WE1-25 1.4 7.4y L A7.4 4.2 o.0 31.3 32.2  36.5
W61-27.5 2.0 77.2 20.8 2.0 0.0 24.3 35.5 30.2
w61-30 .7 81.3 14.6 Al Y4 35.0 38.6 26.4
W61-32.5 e.e 71.4 18.8 9.8 0.0 32.2 36.4 31.4
w61-35 .4 The S 230 58 1.4 35.2 35.9 28.9
w61-37.5 1.3 74.5  18.3 8 LY 39.9 35.3 24.8
1] AL-2 .0  64.2 33.3 2.5 0.0 33.8 37.6 28.6
A2-2 38.8  29.5 31.0 .8 0.0 37.0 32.6 30.4
b i
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