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ABSTRACT

The Golden Valley Formation of North Dakota crops out in isclated
repnants over a large area of southwestern North Dakota. The formation
has two menmbers, the lower Bear Den Member, which is characterized by -
kaoclin and bright colors and the upper Camels Butte Member, which i1s
characterized by micaceous sand and clay.

Two different theories, either in place weathering or detrital
deposition, have developed as to the origin of the kaolinite in the
lower member., Early workers suggest that the kaolinite of the membe%
1s detrital in origin for the following reasons:

1. No unconformity is present at the top of the Bear Den

Member.

2. The unit ig too uniform and widespread, and has a
stratiform nature that ecannot be explained by |
weathering,

3. Plagioclase, amphibole, pyrite, and siderite are present
but would not have been able to withstand weathering.

4. FKaolinite and muscovite show parallel aligpment.

This study reviews these ideas and more recent work that sug-
gests that the kaolinite of the Bear Den Member was formed in place
by weathering. In addition, analyses made with the scanning electrom
microscope, microprobe, and X-ray diffractometer give the following

evidence that this member has been formed by a weathering process:

x




1. The mineralogy and mineral profiles are consistent with
those of a weathered horizon.

2. Favorable climatic conditions for weathering were present
during the Eocene.

3. The topography and thickness relationships of the Bear Den
are similar to that of a soil.

4. The kaolinite horizon transgresses Sentinel Butte strata.

5. Scanmning electron photomicrographs illustrate a varyving
degree of crystallinicy in the kaolinite.

6. Chemical data show that leaching of the Bear Den sediment
has occurred.

7. The Bear Den Member compares favorably with similar units
that heve been interpreted as weathered horizons.

A review of the evidence for and ageinst the theory of weather-

ing dndicates that the kaolinite of the Bear Den Member formed in place

by weathering processes.




INTRODUCTION

The Gelden Valley Formation is exposed Iin scattered remnents over
a large part of southwestern North Dakota (Figure 1), Moat of the forma-
tien has been removed by erosion because of its position near the top of
the depositional sequence in the Williston Besin. 7The remaining widely
spaced exposures are distributed within an area of 33,670 square kilo-
metres but only cover about 2.5 percent of the land surface, or about
842 square kilometres.

This formation has two mewbers. The lower unit, the Bear Den
Member (Hickey 1977), is characterized by kaolinitie clay, silt, and
sand and bright colors. These colors have been described by various
authors, with most recognizing three zones. These zones are an upper
purplish or medium grey zone, a middle bright crange zone, and a lower
grey zone. Another characteristic of this unit is the presence of a
hard siliceocus layer, or silcrete (Wehrfritz 1978), found at the top
of the unit in some areas.

The overlylng Camels Butte Member {Hickey 1977) is characterized
by highly micaceous, cross~bedded sand and laminar silt and clay. The
somber gray of this unit, which is similar to the color of the underly-
ing Sentinel Butte Formation is in sharp contrast to that of the Bear

Den Member.

Purpose of Study

Conflicting ideas have developed regarding the origin of the

Bear Den Member of the Golden Valley Formation. The first workers

1




Fig. 1. Map showing the distribution of the Golden Valley
Formation in wesatern North Dakota.
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4
{Benson 1952; Freas 1962; Hickey 1968 and 1977) suggested that the kaolin
of thia'member was formed outside of the basin of deposition 1n a "west—
ern highland” area. These workers explained that subsequent uwplift and
erosion of this western source area caused deposition of the kaolln by
gither fluvial or lacustrine processes.

More receatly Wehrfritz (1978) and Karner, Bjorlle, and Christen-
sen (1978) suggested that ths kaolin of the Bear Den Member is not detri-
tal but was formed in place. These authors suggested that the member was
the result of deep weathering at the top of the underlying Sentinel Butte
or other formations,

The purpose of this study 1g to evaluate the ,two opposing theo-

ries and to present new information on the origin of the kaolin,

Area of Study

Exposuras sampnled for this study are located just north of the
town of Galde; Valley in northwestern Mercer County (Figure 2). The
area sampled covers a land surface of about 220 sgquare kilometres.
About two~thirds of this area is covered by deposite of the Golden
Valley Formation,

This region was chosen for several reasgons: a major eon#idera—
tion was the good exposures, Here, the Golden Valley Formation crops
cut @gs the highest stratigraphic unit except where a thin covering of
glacial debris is present. These outcrops often are bare bluffs rising
as high as 80 feer above the surrounding surface (Figures 3 and 4).

These excellent exposures permit the accurate description of strati-

graphic sections. A second reason this area waa chosen was the ease

of accessibility to the outcrops as compared to most other areas in




Fig. 2. Map showing the location of the study area in Mercer
County, North Dakota.
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Fig. 3. Photograph showing bluffs of outeropping Golden Valley
Formation in the southeast quarter of section 11, T.145N., R.90W,

Fig. 4. Photograph of a typical Golden Valley Formation outcrop,
northwest quarter, section 2, T.145N., R.S0W.
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which the Golden Valley Formation occurs. County or townshilp toads are
present at wmost section lines, and ranchers' trails are present on
others. As a result, most cutcrops are no further than 1 mile from a
good trall. A fipal reason this locality was chosen iz the absence of
the silcrete layer at the top of the Bear len Member. Thisg was an

important factor as the auger used for this study ¢ould not penetrats

hard roeck,




PREVIOUS WORK

Nomenclature and Age

The Golden Valley Formation was formally named by Bengon and
Lalrd (1947, p. 1167).

The beds that are definitely Eocene have been named the Golden
Valley Pormation and include those beds bearing the fossil
fern Salvina preauriculata. The type exposure of the forma-
tion is near the town of Golden Valley for which the formation
is named.

In a subsequent work, Benson (1949, p. 1173) gives a more precise defi-
nition of this formation,
The Golden Valley Formation has two members. 7The dietinctive
lower member comsists of purplish-grey carbonaceous shales
interbedded with white sandy kaolinitic clays commonly stalned
bright yellow crange on outcrop surfaces. The upper member
consiste largely of fine to coarse grained micaceous sands and
silts with small clay lenses.

Previous to this the white kaolinitlc clay of the lower member
was discussed by several authars., Most of these early discussions were
related to the economic value of this c¢lay. As early as 1901, Babcock
discussed the "white fire and earthenware clay” found in the Dickinson
area. He assigned this clay to the Tertiary age and noted its use at
the Dickinson Fire and Pressed Brick Company. Wilder (1902) and Leonard
(1504) also discussed this white fire clay, and Leonard included a mea-
gsured section through the unit, |

The first mapping of Tertiary clay in North Dakota was conducted
by Babcock and Clapp in 1906. They also discussed the economics, use,

and mining of North Dakota clay in great detail. Included in their

10
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report were many chemlical analyses and physical tests on the fire clay of
the Dickinson area, and comparieons were made with sewveral china and fire
clays from other parts of the world. Clapp repeated some of chig work in
a general discussion of the economics of these deposits in 1807,

In 1908, Leonard, although he made no particular reference to what
is now known as the Golden Valley Formation, assigned all of the atrata
between the Fox Hills and the White River Group to the Feort Union Forma-
tion, He also divided this strata into an upper "Sentinel Butte cocal
group” and a lower '"Medora coal group” in the area of the Sentinel Butte
Coal Field. It was there that "Sentinel Butte" was first uged as the
name of a rock unit, and It 1s probable that the present strata of the
Gelden Valley Formation wag included in this group. Later, Leonard
€1911) described a unit of light-colored strata that overlies the gom~
ber ¢lays of the Sentinel Butte north of Hebron but did not name the
unit,

Further subdivislone of the Fort Union strata followed, with
Taff {1909) dividing the sediment of the Sheridan Coal Field of Wyouming
into three groups, the Ulm, Intermediate, and Tongue River. Correla-
tions by Thom and Dobbin (1924) showed that the "Intermediate coal
group'” and the "Sentinel Butte coal group" are equivalent. However,
they felt that these strata were of Wasatch (Eocene) age.

In 192% Simpson reagsigned the Sentinel Butte to the Upper-most
Palegcene, but for many years most authors etill considered it to be
Eocene. For example, Seager (1842, p. 1416) stated:

The Wasatch Formation of Focene age 1s repr;sentad byltwn
members. The younger is an unnamed light-colored unit,

well exposed north of Hebrom, North Dakota. The lower
member 1s the Sentinel Butte, a dark bentonitic unit . . .
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This light-colored unlt must be the same as that described by Leonard
(1811), and it is also the same unlt named by Benson and Laird (1947,
p. 1167) as shown by the fellowing statement: 'The Golden Valley Forma-
tion includes the beds formally known as the "unnamed formation" of the
Wasatch group. It overlies the Sentinel Butte. . . ." As previously
noted, Benson and Lalrd (1947) picked the boundary between the Paleocens
and Eocene at the base of the Golden Valley Formation, so once again the
Sentinel Butte was considered upper-most Paleccene,

The first maps showling distribution of the Golden Valley Forma-
tion were produced by Benson (1952) for the Knife River Basin. Several
other geologlsts compiled maps of various parts of this formation,
including Mehldahl (1956} who worked in McKenzle County, Johnson and
Kunkel ¢1954), who mapped parts of Oliver and Mercer Counties, and
Bergstrom (1956), who mapped parts of Dunn, Mercer, Stark, Hettinger,
and McRenzie Counties.

Hickey compiled the first map showlpng the entire extent of the
Golden Valley Formation in 1966. It was also in this work that Hickey
assigned informal nmames to the two members of this formation. The lower
kaolinitic sand and shale were mamed in the following statement (p. 34):
"The formal designation '"Hebron Member" is here assigned to these strata
whoge type ares include a series of excellent exposures . . . north of
the town of Hebron in Morton County . . ." The upper micaceous sand and
clay were pnamed as follows {p. 56):

The name Dickinson member is herein proposed for the unit
formerly known as the "upper member of the Golden Valley
Formation." The type area for this member lies south and

west of the town of Dickinsen in Stark County . . . where
the best exposures of the unit are found.
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In addition to proposing names for the different members, Hickey
(1966) reevaluated the flora of the Golden Valley Formation and deter—~
mined that the Paleccene—Focene boundary is at the top of the "Hebronm
Member"” and not at its base as previous workers had suggested. This
change was based on a close relationship between the flora of the lower
Golden Valley and Sentinel Butte Formations. In addition, typlcal
Focene plants are not found in the lower member, whereas Paleocene mol-
Insks have been found (Hickey 19686).

A final change in terminology occurred in 1977 when Hickey
changed his informal names for the two members from "Hebron" and
"Dickingon” to "Bear Den' and Camels Butte.™

Two marker beds are often found in the Golden Valley Formation,
These are the Alamo Bluff lignite and the Taylor Bed, a hard siliceous
layer. 1In both of Hickey's publications (1966 and 1977), he placed the
contact between the two members of this formation at the top of elther
the Alamo Bluff Bed or the Taylor Bed, which Hickey considered to be
lateral equivalents. The position of this contact was quastioned by
Wehrfritz (1978). By using Hickey's (1966 and 1977) fossil evidence,
Wehrfritz placed the contact at the top of the Taylor Bed where it is
present, or at the base of the Alamo Bluff lignite. Wehrfritz stated
that these twoe beds are not lateral equivalents but that the Alamo
Bluff lignite overlies the Taylor bed. This relationship was previ-
ously noted by Hickey (1966, p. 50) in an area west of Taylor in east-
ern Stark County as he wrote that "the red staining is from the burning
of the Alamoe Bluff lignite which overlies the Taylor bed. . . ."
Wehrfritz's position of the contact 1s probably correct because an uncon-

formiry is present at the base of the Alamo Bluff lignite (Figure 5).
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ldeas of Origin

As noted above, conflicting ideas have heen developed regarding
the origin of the kaolinite in the Bear Den Member of the Golden Valley
Formation. As early as 1861 Hayden recognlzed the fluvial origin of the
gediments in this area (Leonard 1912). In 1904, Leonard specifically
mentioned the white unit near Dickinson and suggested that only conjec-
ture about its origin 1s possible. He added that we should not forget
that clay may he carried greast distances by water.

Benson (1952} was the first author to specifically direct atten-
ticen to the origin of the lower Golden Valley Formation. He suggested
that "the kaolin seems to have been transported as kaolin and deposited
as one continuous blanket over southwestern North Dakota™ {p. 92). He
believed that the kaolin was deposited in a "broad, extremely shallow
fresh water lake.” He went on, however, and gqualified this interpreta~
tion with the following statement {p. 93): "Even so, it is still diffi-
cult to understand how such a large blanket of relatively pure kaolin
could be brought in by streams without having that kaolin mixed with
mentmorillonite clays or with large amounts of other materials."

In 1954, Benson again stated his idea that the kaolin is a
lacustrine deposit, and he indjicated that the source of this kaolin
was some intensely weathered area to the west. He also noted that
the end of the Paleocene was a perlod of intense and rapld weathering
over much of North America.

Freas (1962) looked closely at the mineralogy and texture of
the Golden Valley clay. Imn his study he also concl&&ed that the clay

was detrital and was deposited in a lacustrine environment. Before
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he made this interpretation, however, he stated that {p. 1359) "the
gtratigraphic variation in clay mineralogy within the clay deposits are
consistent with the theory of weathering in place." He then followed
this statement with several reasons why this iz an unacceptable idea.
His reasons included (1) the lack of a recognizable unconformity at the
top of this unit, (2) the stratiform nature, widespread distribution,
uniformity, and succession of stratigraphic units, (3) the presence of
plagioclase, amphibole, pyrite, and siderite, which would mot be able
to survive severe weathering, and {4) the parallel aligament of

kaolinite and muscovite crystals.

Preas had the seme reservation as Benson regarding the possibil-
ity of the kaolinite being transported into its basin of deposition with-
out being mixed with other minerals. He suggested that this would only
be possible if either widespread weathering occurred throughout the
source area and the bagin of deposition or 1f the source area of the
kaclin was adjacent to the basin of deposition so that the clay need
be transported only a very short distance. "

He discounted thig first idea becsuse Focene rocks from Wyonming
and Montana do not show evidence of widespread weathering. This left
the possibility of a source area adjacent to the basin but "unfortu-
nately, a local source cannot be proved since the Xocene rocks in east-
ern Montana were eroded obscuring tha‘atratigraph relations” (Freas
1962, p. 1366).

Based on Freas' study, Hickey (1966 and 1977) agreed with Bensen

and Freas that the kaolinite of the Bear Den Member is detrital; however,

he disagreed with thelr idea that the unit Is lacustrine. He suggestedv
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that the sediment is fluvial and was deposited by "sluggish” streams
flowing from the west. His gvidence for this idea was found in the
sedimentary struoctures of the unit, Including cross-bedding, channel
and interchannel faclies, and local scouring.

Hickey again digagreed with Freas as he felt that no nearby

source was present that could have yielded the amount of sediment
thought to have been present in the Bear Den Member befgre it was
eroded to its present extent. Altermatively, Hickey suggested that
the sediment was carrvied a moderate distance by low-gradient streams
before being depogsited in the Williston Basin. The asource area for
this sediment possibly having been the Black Hills uplift.

Twoe recent studies have been completed that suggest that the
kaolinite of the Bear Den Member was not transported into {ts present
position but that it was formed in place. Rarner, Bjorlie, and
Christensen (1978) gave saven major lines of evidence that they felt

suggest this. A summary of their reasons follows {p. 158):

1, The tripartite division of the Bear Den i1s compatible with
a soil profile developed on a Sentinel Butte fluvial sequence.

2. The abundance of kaolinite increasses upward as does the
crystillinity of the kaolinite.

3. Abundant kaolinite and limonite spherules in the orange

sone suggest a long perlod of acid, oxidizing conditions. This may

account for all or most of the mineralogical differences from simi-
iar Sentinel Butte units.
4. Thin-section studles show kaolinitization of detrital feld-

spar, mica, and other grains to be incomplete and generally confined to

the grain edges.
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5. The Alamo Bluff lignite and the silicified Taylor Bed mark
the top of the Bear Den Member.

6. Separating the deposition of the Bear Den sediment from the
kaolinitization of these sediments facilitates interpretation of the
environment of deposition and the source of the kaolinite,

7. Climatic and tectonic conditions in western North America
indicate the more or less coincident culmination of a warming trend
and a change in tectonics producing an early Eocene lowland in western
North Dakota that receilved little sediment for a relatively long period
of time.

In the other study, Wehrfritz (1978), compared the Bear Den Mem~
ber of the Golden Valley Formation to the "Rhame Bed" of the Slope For-
mation. In this study she stated that the "Rhame Bed" contains "siliceous
rock overlying white to light gray uncensolidated sand, silt, or clay"
{p. 27). She applied the name "silcrete” to this siliceous rock and
described 1t as follows {p. 29):

In hand sample, the grains In the silcrete . . ., appear to
range from flne gand to gillt and are subangular . . . some
of the detrital grains show overgrowths or partial over-
growths of "secondary" silica. . . . In this section the
grains are gsurrounded by & matrix of microcrystalline quartz
or chert. . . . Fogsil plant remains in the silcrete are
abundant. Casts of plant branches . ., . show insect borings,
bark imprints and knots; are curved or straight; are hap~
hazardly arranged in the rock; and are not flattened or

otherwise deformed.

The following is Wehrfritz'’s description of the underlying white to light

grazy'zona {p. 39):

The grain size of the white sediment ranges from clay stze
to very fine sand. . . .

The Rhame Bed generally ranges from white to light gray.
The larger grain sizes, fine sand to course silt, are gener-
ally white; the smaller grain sizes, silt to clay-size, are
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generally gray. The whitest outerops commonly have yellow-
ish orange, iron~oxide gtaining, which forms in bands across
the surface. . . . Not all the sediment is white or 1light
gray.  Some carbonaceous, medium to dark gray clay-size and
silt-size sediment may occur hoth above and below the whit-~
est sediment.

Wehrfritz interpreted this unit as ﬁaving been formed by weather-
ing. She based thls idea on descriptions of similar units found in other
parts of the world. Goudie (1973, p. 17) symmarized several of these
descriptions:

[Silerete is]} a predominantly pale gray, extremely indurated,

highly siliceous rock with numerous angular guartz clasts

distributed in 2 amorphous or cryptocrystalline matrix . . .

even the more massive forms often contaln numerous tubular

cavitles . . . which are formed by root growth.
He went on to state that {p. 1B): "Sileretes, like the other main duri-
crust types, sometimes show a characteristic deep weathering prefile
development which is a clayey kaolinized pallid zone, sometimes under-
lain by a ferruginous zone, and then by bedrock.”

Finally Wehrfritz compsred the "Bhame Bed” to the Beaar Den Mem-
ber, which has the same characteristic silcrete:

+« + + the unit is silicified siltstone composed mainly of
silt-sized grains, most of which are quartz, in a microcry-
stalline silica matrix whose volume does not exceed 25 per-
cent. The rock is massive and light brownish gray when
weathered; it breals into irregular blocks riddled with
stem molds (Hickey 1877, p. 23).

The '"Rhame Bed” and the Bear Den Member also have the same char-
acteristic underlying unit, which "consists of beds of hard kaolinitic
claystone, mudstone, and sandstone that weather white, gray, or orange”
(Hickey 1877, p. 17).

From these comparlgons, Wehrfritz {1878} concluded that the

"Rhame Bed" and the Bear Den Member are similar to the units described

by Goudie (15%73) and that they both formed by weathering.
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Similar Units in This Area

Several other silcrete and weathering profiles near this area
have heen reported, One of these, described by Ritzma (1963), was
thought by Wehrfritz to be equlvalent to the "Rhame Bed." 1t occurs
at the base of the Tertiary in the Lewls Formation and Lance Fermation
in northeastern Wyoming.

Ritzma stated that {p. 137):

The fossil scil zone makes a conspicuous white, light

gray, or bluish-white band at the top of the Lewis., Parts
of the zope are very hard and denge apd almost porcellaneous.
Resistance of the zone tu erosion is remarkable, and it fre-
quently is a ridge~forming lithelogic unit.
The description of this unit presented by Ritzma clearly indicates that
it is a silcrete and deep~weathering profile.

Another similar unit was described by Drury and Kmox (1971) in
southwestern Wisconsin. It is developed on strata of Cambrian and
Ordovician age, but it is thought to have been formed in middle Mioccene
time. Drury and Knox noted the similarity of this unit with those in
Australia (p. 291).

Duricrusts and deep—weathering profiles are exposed in numer-
ous sections of socuthwesteran Wiséonsin. . . . The profiles
include pallid zones in their lower parts, with mottled zones
next above, and duricrusts at the top, being wholly comparable
in their field characteristics and relationshipa to the pro-
files and crusts abundantly described from the Southern
Hemisphere, notably Australia.

One other deep weathering profile, the Interior Formation, has
been described in this area., It crops out in widely scattered areas in
wagstern North Dakota, western South Dakota, northwestern Nebraske, and
eastern Wyoming. Pertyjohn (19658) dated the period of soil formarion

as late Eocene and noted that the formation is developed on strata as

old as Early Cretaceous and as young as late Eocene.,
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The Interior Forwation differs from the other weathering pro—

files mentioned as 1t does not have a silcrete developed at the top of
the soil horizon. However, the underlying deep-weathering profile is
well developed (Pettyjohn 1966, p. 65).

The ancient soil under consideration is characterized as a
whole by alumina enrichment, moderated to high irom enrich-
ment, red and yellow colors, kaclinization, poor vertical
differentiation, a&nd relatively great thickness. These
features are those of a pedalfer, particularly of a
laterite,

gt St B




METHODS OF IRVESTICGATION

Sample Collection

Samples were collected by three different methods to be used in
X~ray and scamning-electron-microscope studies. Most commonly, samples
were collected with a truck mounted auger (Figure 6). Three samples
were taken from each 5~foot interval. These were described in the field

and then combined into one bag to be analyzed in the laboratory. Some

5~foot samples were broken down into smszller intervals at major changes
in lithology and bagged separately.

A second set of samples wag collected from measured sections.
Small hand samples were taken from the exposed face of the section at
each major lithologic change. These samples were described and bagged,
and their location above the base of the section was determined with a
steel tape. Where the thickness of any unlit was over 5 feet, samples
were combined in one bag at 5~-foot intervals.

The base of each meagured sectlon lies adjacent to the top of
an auger hole. Thus, the number designation of these samples corre-
Sponds with the number of the auger hole at the same locatlon.

A third set of samples was obtained from the North Dakota Geo-—
logical Survey Core Library. These samples were from the United States
Geological Survey and North Dakota Geological Survey drilling projects

in the area. The samples are from rotary-rig holes and were collected

at S5~feot intervals.
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Fig. 6. Collecting samples with & truck-mounted auger.
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7. The washing was repeated with 150 cubic centimetres of
distilled warter.

8. The sample was dried overnight at 70°C.
9, The dried sample was reground with mertar and pestle
with 1 gram of the resulting powder weighed out for

analysis.

10. Approximately 10 drops of ethylene glycol were added to
the 1 gram sample to achleve a paste-like consistency.

11. The glycolated sample was placed into a mold, and 1.5
grams of Avicel was added to the top of the mold to
form a backing for a pellet.

12. The sample was formed into a pellet under extreme pressure.

13, Pressure on the pellet was held for 15 seconds and then
slowly released over a 60 second period.

1l4. The pellet was mounted in a rotating holder and analyzed
using X-ray diffraction techniques.

The machine parameters for each of the X-ray charts produced were
held constant and were as follows: tube,. CuKp; Ni; rate meter, 2 X 103
counts per second; scatter slit, 4 micrometres; receiving slit, & micro-
metres; time constant, 1; metres per hoer, 1.524. The power settings
were 37 kilovolts and 18 milliamps.

The diffractogramg produced by this procedure have been reduced
in size and are included in appendix B.

The proportion of each of the clay minerals present in each
sample was computed using a technique similar to that suggested by

Johna, Grim, and Bradley (1854). This method ig also similar to that

used by Freas (1962) in his study of the Golden Valley Formation.
The method involves computing weighting factors for each clay
mineral by preparing 1:1 mixtures of the clay minerals studied., These

mixtures are then X rayed. The area under the most intense peak of
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each of the minerals on the X-ray chart is found. The two areas are set
into a ratio. The area under the kaolinite peak was arbitrarily set |
equal to 1; thus, the other weighting factors are equal to the number
that the area of the peak of the mineral must be multiplied by for it
to equal 1.

Clay standards of the American Petroleum Institute were used to
compute these ratiovs with two samples being prepared of each of the mix-
tures. The 1:1 miztures used were kaolinite: 1llite; kacolinite: mont-
morilionite; and 11lite: chlorite.

The following welghting factors were computed and used in this
study:

Kaclinite 1.0

Montmorillonite O.97

Illite 2.2

Chlorite 0D.38
These numbers correspond very well with those computed by Freas (1962).
Slight differences are probably attributable to a difference in sample
prepararion.

After the welghting factors were computed, the area of the most
intense peak for each clay mineral in a sample was measured from the
diffractogram. This area was multiplied by the weighting factor, and
the regulting corrected areas were them Bet in a ratic to compute the
proportion of each clay mineral present relative to the other clay
minerals,

Two problems were encountered using this procedure. First, in

o
most samples the 1.1 x 10”9 metre (11A) 1llite peak is obscured by a
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mica peak. In such samples the area of the illite peak was estimated by
interpolating the curve of the shoulders of the - illite peak dnto a com-
mon point. The arc of the peak transcribed was then used In the calcula-
tion to compute the percentage of 1llite in the sample,.

The second problem encountered with this methed was the inter-
ference between the 7 x lD“lg metre (73) kaolinite and chlorite peaks.
This occurred in only a few samples where chlorite was very abundant
and the acid treatment was not able to remove it completely. When
chlorite was encountered in the sample, the two peaks were treated as
an addition of two pormal statistical curves. This was possible because
the two peaks do not overlap completely.

The proporticn of the clay minerals found in each sample 1la
listed in appendix C. The area under the most intense peak of each
clay mineral and the area under the major feldspar peaks are also

included in appendix C.

Scanning-Electron-HMicroscope Analyses

Photomlcrographs of selected samples from the Golden Valley For-
mation were taken with a scanning electron microscope. These samples
were prepared using a technique similar to that of Keller (1976a). The
technique consisted of breaking or chipping a sample of the clay such
that a small piece with a freshly broken surface was obrtalned. This
small chip was placed with the freshly broken side up on a scanning
electfon microscope mount without any further processing. The speci~
men and mount were thinly coated with either gold-paladium or carben

to allow viewing and photographing. Magnifications of 2000 to 5000
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were commonly used, which allowed the texture of the samples to be viewed.

These photomicrographs are shown in appeadix E.

Microprobe Apalysis

Chemical analyses were made of two sets of samples using & micro-
probe in conjunction with the scanning electron microscope. The samples
used were first ground in a ball mill for 5 minutes. The resulting powder
was pressed into a special mount designed for making chemical analyses
with the wmicroprobe. This mount was placed im the scanning electron
microscope and each sample was viewed at 100 magnification. This results
in analyzing an area of 1 square willimetre. These analysea are pre-
sented in appendix D. Any deviation from the above procedures is noted

in this appendix.

[



STRATIGRAPHY AND MINERALOGY

Description

The Bear Den Member hag been variously described by several
authors. As already noted, most authorg recognize a three-color zonaw
tion. Benson (1952) described these as an upper “nyrplish gray,” a
middle "white sandy fire clay mottled and stained yellow orange,' and
a lower "light purplish gray shaley clay." Thess colors, which are
very common, are not found in every outcrop of the Bear Den Member
hcﬁaver, and as noted by Hickey {1377) may be found in reverse order.
In the subsurface, the Bear Den Member is usually easily identified
from drill cuttings. The cuttings are a very light gray ceolor even
when molst, and although the bright orange color is not seen, a zZone
of mottled, light gray to purplish gray clay ig found. (See appendix
A for deseriptions of measured sections and drill hole data.)

Freas (l?éz)lgaVe sand, silt, and clay ratios from several
samples of the Bear Den Mewber from the Dickinson area of North Dakota.
In his snalyses he found that the samples ranged from the eﬁtreme of
100 percent clay to 40 percent sand, 40 percent silt, and 20 percent
clay. This variability is also found in other areas. Sand was visually
estimated to make up 80 to 83 percent of some samples oktained during
this study.

The contact between the two members of the Golden Valley Forma-
tion is disconformable. It lles at the base of the Alamo Bluff lignite

i1
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or at the top of the Taylor Bed where it {is present. This contact 1s
usually very easily picked in the field because of the abrupt color
change from the light gray of the Bear Den. The overlying Camels
Butte Member 1s elther a tan sandy unit or a darker vellowlsh gray to
green, silty clay unit. The abruptness of this change may alsc be
noted in the clay mineralogy of the two members. Section GV-36M (Fig-
ure 7} shows a sharp contact between the kaolinite-rich clay ¢f the
Bear Den Member and the montmorillonite—ricﬁ clay of the Camels Butte
Member (additional samples are illustrated in appendices B and C). At
this locality the two members are separated by only centimetres of lig-

nltie clay that correlate with the Alamo Bluff Lignite.

The base of the Bear Den Member is conformsble and grades into
the underlying Sentinel Butte Formation. This centact Is recognized by
a change in both éolor and mineralogy. The contact, as defined by
Hickey (1977, p. 18) is "at the base of a crOSSmiaminated, vellowilsh~
gray, kaolinitic siltstone unit. . . . The underlying Fort Union Bed
[Sentinel Butte Formation] is a fissle, brownish—gray, nonkaolinitic
shale.” 1In this study, the lower contact is alsc defined as the line
at which the kaolinite becomes more abundant than montmerillonite

going up section. {See appendix C for Clay mineral percentages).

Mineralogy

Table 1 shows the clay-mineral percentages of the Bear Den Mem-—
ber as determined by Freas (1962) from samples collected in the Dickinson
area, and as determined by Hickey (1966 and 1977) from samples collected
ocutside of this area. This table also shows data derived from this study

of samples collected in northwestern Mercer and central Dunn Counties,
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- Fig. 7. Diffractograms and mineral percentages of samples Just
ahove and below the Camels Butte, Bear Den contact, section GU-36M.
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Base of the Camels Butte Member, sample GV-36M, 29,5-22.5m.
Kaolinite: 7% Montmorillonite: 47% Illite: 35% Chlorite: 11%

W

Top of the Bear Den Member, sample GV-36M, 22,5-14.5m,
Kaolinite: 822 Montmorillonite: 3% Illite: 15%Z Chlorite: 0%

[}
o
%]
o
—
[
e PO

it
[\
w
w
£
)
~d
—
o
—
~J
=0 @O




33

TABLE 1

PERCENTAGES OF CLAY MINERALS IN THE BEAR DEN MEMBER AND
ADJACENT UNIIS

Clay Freas, Hickey, This

Unit Mineral 1962 1966 Study
Kaolinite 7 12 ]
Camels Butte Montmorillonite 44 46 54
Illite 35 38 31
Chlorite 14 & ]
Bear Den Kaolinite 6b 65 66
Member Montmorillonite 7 15 18
{average) Illite 27 18 14
Chlorite 0 1 (4]
Carbonaceous Kaolinite 72 56 74
Zone Montmorillonite 18 13 22
Tllite 10 28 4
Chlorite G 3 0

Kaolinite 68 84 7z
Orange Montmorillonite 4 Trace 18
Zaone Illite 28 16 10
Chlorite D 0 0
Kaolinite 59 39 &9
Gray Montmorillonite 4 52 15
Zone Tllite 37 g 14
Chlorite 0 0 O
Kaolinite 10 17 11
Sentinel Butte Moatmorillonite 7 76 57
Formation Illite 81 7 29
Chlorite 2 Trace 3

lthe mineral percentages of the Bear Den Member (Average) may
not be equal to the average of the 3 zones listed below because of an
increased number of samples.

This table shows that the clay-mineral composition of the Bear

Den Member is comsistent throughout its area of occurrence.

This 1is espe~

cially evident when the average composition of the unlt is compared.
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These analyses algoe demonstrate that montmorillonite generally
is dominant in th; enclioging units except in the Dickinson area, where
the Sentinel Butte Formation has more 1llite. The data in these tables,
however, does not show that the change in the ratio of kaclinite to
mentmorillonite occurs gradually with depth., This graduational change
from kaolinite to montmorillonite can be noted visually in Figure B.
These X-ray charts show a decrease in the 7 % lOmlO metre (?g) kaclinite
peak with a corresponding increase in the 1.8 x 1079 metre (18%) mont~
morillonite peak with depth. The gradual change is alsc illustrated by
the minexal percentages shown In table 2. This agrees with the observa-
tions made by Freas (1962), who stated that the amount of kaolinite
decreases with depth.

A similar observation may be made from the X-ray charts (Fig—
ure 8) and the table showing the area under the clay and major feldspar
peaks {table 2). Again the kaolinite peak decreases as the 3.2 x lGMle
metre {3.23} feldspar peak increases with depth. (Additiomal diffract~
grams and mineral percentage data are presented in appendices B and C.)

Figure B also shows that the kaolinite of the Bear Den Member
traunsgresses lithologles. The first 4 charts in this figure are of
samples that are primarily clay, The samples in the next two charts
are primarily silt. The remaining charts are diffractograms of the
silt and clay present in a sandy horizon. This series of diffracto~
grams shows that the 7 x 30“10 netre (?i) and 3.57 x 10710 metre
(3.5?2) peaks vary oply glightly with the changes in lithology.

The kaolinite in the Bear Den Member is disordered. This is

evidenced by the broadness of the 7 x 10710 metre (7%) and 3.57 x
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. Fig. 8. X-~ray diffractograms frowm measured section GV-12M and
auger hole GV-12. (Metres x 3.29 = feet}.
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TABLE 2

CLAY MINERAL PERCENTAGES AND AREAS UNDER THE MAJOR CLAY AND FELDSPAR PEAKS,

MEASURED SECTION GV-12M AND AUGER HOLE GvV-12

Percentages of (Clay Minerals

Area Under Cla

Z and Feldspar Peaks

Interval 1974 metres

Unit {feet~metres) X Mo I ¢ F K Mo I c
22.5-6.5m  6.8~2.0m 68 15 17 0 0.103 7.762 1.716 0,510 0.000
5 6.5-0.0m  2.0~0.0m 63 33 4 0 0.303 7,362 3.929 0.200 0.000
g 0-5 0.0~1.5 71 9 20 O 0.406 5.542 0,703 0.703 0.000
= 5-8 1.5~2.4 75 15 10 O 0.200 4.839 1.007 0,303 0,000
g 8-10 2.4-3.0 70 20 10 O 0.103 5.949 1.716 0.406 0.000
3 10-15 3,0-4.6 78 13 9§ 0 0.103 7.562 1.310 0.406 0.000
§ 15-20 4.6-6.1 7% 8 18 & 0.303 9.278 1.007 1.007 0.000
20~25 6.1-7.6 72 % 19 0 0.703 6.652 0.807 0.807 0.000
25-30 7.6-9.1 50 35 15 0 1.007 6.052 4.439 0.807 0.000
e 30-35 9.1-10.6 41 49 10 0 1,413 4.536 5.542 0.503 0.000
g %.2 35-40  10.6-12.2 39 48 13 0 1.213 4,136 5.245 0,606 0,000
gfn.g 40-45  12.2-13.7 29 56 15 0 1,413 2.523 5,142 0.606 0,000
@ 45-50  13.7-15.2 19 57 20 & 2,420 1.523 4.639 0.703 0.703

M = measured section

K = Kaclinite; Mo = Montmoerillonite; I = Illite; C = Chlorite.

6%
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10“19 metre {3.5?3) peaks which would be sharp 1f the kacolinite were
well ordered {Carrol 1970). The broadness of these peaks 1s also an
indication that the crystallinity of the kaolinite 1s poor. This is
in agreement with Freas (1962) who suggested, on the basis of heating
samples before X raying, that halloysite may also be present. Scanning
electron photemicraéraphs verify the presence of halloysite, but only
in & few samples {(Figure 9, appendix E).

Along with the clay minerals, Freas {1962) reported the occcur-
rence of many accessory uinerals in the silt and sand of this unit. He
indicated that about 50 percent of this size fraction is quartz, which
is the predominant nonclay mineral. Freas also indicated that rock
fragments constitute about 30 percent and mica about 18 percent of this
fraction. The remainder consists of feldspar and numerous opague and
heavy minerals, dncluding siderite, pyrite, leucoxene, znatase, ilmenite,
rutlile, zircon and tourmaline. He also noted very small amounts of
kyanite, stauroclite, garnet, zoisite, monazite, sillimanite, tremolite,
andalusite, epidote, and siderite. To this list Hickey (1977) added
magnetite, and this study, although it did not look at the heavy or
opaque minerals, has shown by X-ray diffraction that goethite is also

present.

Chemical Data

The formula for kaolinite, élé(Siaﬁia} {OH)S, indicates that
the ideal chemical analysis should be 39.5 percent $1203, 46.5 percent

510,, and 14.0 percent Hy0 (Hurlbut 1971). Grim (1968, table 3) listed

chemical analyses from several high-grade kaolinite deposits that com—

= Pare favorably with the ideal analysis. A comparison of Grim's data
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TABLE 3

CHEMICAL ANALYSES OF KAOLINITE MINERALS
(Grim 1868)

Zettlicz, Mexia, Macon, 8t, Austell, Anna,

Czechoslovakia  Texas Ceorgla England Illinois

510, 46.90 44.81 45.20 46.77 44,59
Al,04 37.40 37.82 37,02 37.79% 36.83
Fey0, 0.65 0.92 0.27 .45 1.14
Fel ves e 0.06 0.4 ‘es

Mp0 0.27 0.35 0.47 0.24 0.39
o 0.29 0.43 0.52 0.13 1.02
Na,0 0.44 e 0.36 0.05 0.13
Ky0 0.84 e 0.49 1.49 0.32
Ti0, 0.18 0.37 1.26 ... 2.17
H,07. - 1.10 1.55 0.61 cee

0% 12.95 14.27 13.27 12.18 13.63

with the chemical analyses of measured section GV-12M and drill hole
GV-12 from this study (table 4) show a large discrepancy. {Additiomnal
chemical analywes are In appendix E. The amount of Si02 ghown in the
analyses of GV-12 and GV-12M is consistently 153 to 20 percent higher
than that shown in Grim's data. This can be explained by the strong
quart; peak that is present in most of the X-ray charts {appendix H).
This indicates not only the incresse in the amount of 8iCs, but also

a relative decrease in the amount of Alzﬂa.




CHEMICAL ANALYSES FROM MEASURED SECTION GV-12M AND AUGER HOLE GV-12

TABLE 4

Uxide

M6,8-2.0 M2.0-0.0 0.0~1.5 2.4-3.0 4.6-6.1 6.1-7.6 7.6-5,1 10,6-12.2 12,2-15.2 16.7-18.2

Interval Followed by Percent Oxide (metres)

§10,
AEZGB
Pegly
Mgh
Cal
Na,0
K,0
T10,
Py0s
Ha
€1

50,

63,78
28.98
2.21
0.85
0.04
0,52
1.87
1.46
0.06
0.00
0.00

.17

63.22
i.s2

1.95
0.55
0.09
0.46
0.30
1,32
0.00
0.00
0.00
0.43

64.71
27,68
3.49
0.70
0.17
0.18
1,39
1.21
0.09
0.00
0.00
0.31

67.61
27.50
1.71
0.28
0.12
0.20
0.41
1,75
0.11
0.12
0.00
0.11

65.06
20.98

8.92
0.56
0.21
0.36
0.9§
0.85
0.12
0.00
0.00

0.88

‘75.05
18.86
2.50
0,42
0.12
6.17
1.63
0.82
0.18
0.00
0.00
0.13

70.95
20.54

4.39
0.74
0.12
0,28
1.87
0.83
0.09
0.00
0.00

0.12

70,05
19.04
6.21
1.25
D.11
0.57
2.07
0.64
0.00
0.00
0.00

£.00

77.75

13,65

4,38
0.80
0.26
0.48
1.80
0.52
0.00
0.10
0.00

0.2}

66.03
18,86
8.18
1,68
0.15
0.88
2.10
0.72
0.11
0.00
0.00

1.22

M designates samples from & measured section.

[44
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The chemical analyses in table 4 Indicate that the percentage of
Siﬁg increages with depth. én.explanatioﬁ for this can be found 1in
appendix A where drill-hole data show that samples from GV-12 becone
increasingly sandy, and hence more quartz rich, with depth.

These chemical analyses also show that the abundance of Mg™,
Na*, and K* ions all increase with depth. This may in part be a reflec~
tion of the increase in feldspar and mica with depth (appendices B and
C). It is probably also a result of the increase in montmorillonire
with depth because these lons are commonly present in the interlaver
positions within this mineral. However, the chemical analysis of sawple
GV-12 (2.0 to 0.0 metres) shows that the amount of Mgt Cs*+, Nat, and
kY tons 1s very small, although 38 percent of the clay-mineral fraction
is montworillonite {(appendix (). An explanation for this may be found
in a study by Weaver and Pollard (1973), who report that montmorillonite
prefers cations in the following order: K+>ﬂa+>H+?§§+*>Mg++. They go
on to say that "the fipal suite is dependent upon the composition of the
water In the enviromment of deposition; however, it is also dependent
upon the original cation suite, time, type of eclay, and post depositional
leaching. . . ."

Considering the above statements and the X-ray and chemlcal data,
it seems probable that the montmorillonite obaerved on the X-ray charts
has H" as 1its predominant interlayer cation. This hydrogen montmoril-
lonite must have been formed in an acid-rich environment where most R+,

Mg*+, Na+, and Ca'* cations were removed from the orlginal clay.
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Discussion of Mineralagx

Maigniem {1966} outlined the mineralogical characteristlcs of
lateritic soils. He stated that {p. 20) "combined silica is predoml-
nately in the form of kaolinite, the characteristic clay of most tropi-
cal formations." He noted that this kaolinite is usually only "to some
extent crystallized" (p. 23), which is in agreement with Keller (1964),
who has observed that kaolinite that has formed through the lateritic
alteration of montmorillonite has & disordered crystalline form.
Maigniem also stated that silica 1s usually present as quartz and that
iren is present most often as goethite and hematita.

In addition to the above minerals, which are derived through the
evolution of laterite, several minerals are found as residual forms. Of
these, magnetite énd ilmenite are the most common with rutile and ana-
tase also often heing present.

The sbove summary of the mineralogy of a typical lateritic soil
compares very favorably with that of the Bear Den Member as discussed
above. The primary clay of this unit is kaolinite, and the X-ray data
show it to be poorly crystallized. Scamning electron photomicrographs
(appendix E) show that although most of the kaolinite is poorly crystal-
lized, the degree of crystallinity varies ag the grain size of the unit
varies. The highest degree of crystalliniry is found in the sandy, more
permeable sediments, as would be expected in a soil horizon (De Segonzac
1970).

The stratigraphic variation in the amount of kaolinite found in
this unit is also an indication of the probability of it being formed

through a weathering process. As previously mentioned, the amount of
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kaolinite decreases with depth. Freas (1962, p. 1359) stated that these
“"stratigraphic variations in clay mineralogy within the clay deposit are
conelstent with the theory of weathering in place.™

In addition, the nonvariance in the amount of kaclinite with
changing lithologies 1is also consistent with weathering. In a non-
weathered horizon, the kaclinite should not transgress sediments
deposited In differeat environments.

The other minerals found in the Bear Den also compare favorably
with Malgoniem's summary. The goethite and siderite have been derived
through weathering, whereas the ilmenite, magnetite, and other heavy
minerals are residual products.

Also present are feldspar minerals that are remmants of incom-
pletaly alparad parent material. This 18 indicated in the X-ray data,
which shows an increase in the amount of feldspars present with depth.
This type of variation is expected in & weathering profile,

A highly leachilug, acid~rich environmeni is indicated by the
montmorilllonite clays that are nearly vold of Cat¥, Nat, ¥+, and Mg™T,
This type of environment 1s necessary for the formation of kaolinite by
a weathering process (De Segonzac 1970; Reller 1964).

All of the above mineral characteristics, along with the varia-
tions in mineralogy with depth, are evidence that the Bear Den Member
gained its present characteristics through a weathering or soil-forming

Irocess.

Topography-soil Relationship

Additional evidence that the Bear Den Member was formed as a

s0il horizon may be found in the relationship between it and its
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topography. Te study this relationship, a structure contour map and an
isopach map were made of the study area. These maps were constructed
using the drilling data shown in appendix A,

The structure map was contoured on the base of the Bear Den Mem—
ber because more data polnts were available here than at its top. The
SYMAP computer program (Dougenik and Sheehan 1975) was used to construct
the contours in this and in the isopach map. These maps are shown in
Piates 3 and 4 respectively. (These maps are in the same srea and have
the same scale as Plate 1)},

in comparing thé two maps, a definite relationship can be seen
between the topographic highs and lows. The low areas on the structure
contour map {Plate 3, light shaded areas) correspond to the thick areas
of Bear Den Member on the isopach map (Plate 4, light shaded areas), and
the high areas correspond to the thin areas of Bear Den (dark shaded
areas).

This relationship is even more obvious on Plates 5 and 6, which
show a trend surface of nhﬁ structure contour and the isopach maps. 4
trend-surface analysis is a technique of constructing the hest-fit geo-
metric surface that corresponds to the data points. The effect of this
is to reduce large variations in the contoured surface, allowing trends
that are present to be more readily recognizad.

Once again It can be seen on these maps that the high areas
closely correlate with a thin Bear Den development, whereas the low
areas correspond to a thicker unit.

The above relationship of soill to topography is discussed by

Birkeiand (1974). He attributes this relationship in part to down—
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=; - slope movement of soil material. Due to thizs movement, Birkeland (1874,
p. 188) stated that "many soil properties correlate well with slope
steepness. In particular with increasing steepness The solle are
thinner . . ." He indicated that due to down-slope movement of soil
materials, the high areas underge a thinning of the soil profile due
to a loss of material, whereas the low areas gain material and become
thicker.

A scanning electron photomicrograph (Figure 10, appendix E)
shows curved and broken plates of kaolinite. This kaolinite may indi-
cate that some down-slope movement of the clay has occurred hecause it
very closely resembles "ball clay" (Keller 1976éb), which is deformed

by sediment movement.

Cross—gection of the Bear Den

Plate 2 is a crogs—section which shows the relationghip of the
lower member of the Golden Valley Formation to the upper part of the
Sentinel Butte Formation. A very widespread sand unit, informally
named the "Wolf Creek Sand bed” dominates this cross-gection. It can
be seen that this unit reflects the reglonmal structure of the area
because 1ts base and top follow the structure as indicated by the under-
lying ceal beds. This similarity in regional structure, however, is not
found at the base of the Bear Den Member. It does not follow either the
"Wolf Creek Sand bed"” or the underlying coal beds of the Sentinel Butte
Formaiion. Moreover, the base of the Bear Den dips into and comes out

of the top of this sand unit. This same relationship was also noted by

Benson {1934, p. 387; who stated that "locally the lower part of the

[Golden Valley] formation grades laterally into a white cross-bedded
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gand with kaolin binder."

The relationship presented above indicates that the Bear Den
Member could not have been deposited as a detrital formationm with a
conformable base because it doeg not follow regional structurs. This
is known to be true because the base of the unit penetrates the top of
the '"Wolf Creek Sand" at some points but mot In others. This relation-
ship dndicates that the Bear Den Member was formed not from detrital
sediment, but by weathering of previously deposited sediments ar the

top of the Sentinsal Butte Formation in this area.




ORIGIN OF THE FRACLIKITE

The mineralogic profiles presented in the previous sectlons of
rhis study indicate that the kaolinite.of the Bear Den Member was formed
through the weathering of feldspar and montmerilionite.

Keller (1964) indicates that the environment necessary for the
formation of kaolinite 1s highly leaching, well-drained, and acidic.

It can be expected that these conditions were met, becauge the Eocene
¢limate was sub-mmid and warm temperate (Epis and Chapin 1%$75; Hickey
1966 and 1977). This climate could provide an acidic leaching eaviron—
ment resulting from the decay of organic material, and the sediment
within and unéerlying the Bear Den Member could provide good drainage.

Keller (1962) discussed the mechaﬁism of weathering of feldspar.
He explained that in an acid-rich environment, feldspar is decomposed by
the weskening of the metal-cation bonds between the silica~alumina tretra-
hedrz. The metal cations are replaced by hydrogen lons imn this leaching
process. During this process Keller (1964, p. 18) noted that "silica is

appreciably more soluble below pE 8 than iz alumina, and extensive leach-

.ing of an aluminum silicate will effect enrichment of alumina."

The above process replaces the metal cations with hydrogen ions
and removes excess silica. Both of these are necessary to arrive at the
?ropar‘chamical formula for kaclinite., This process may also form the
silicrete found with the Bear Den Member and other similar units. The

excess sllica removed by leaching may, upon coming into contact with
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the proper environment, be deposited as silica cement.

The weathering of montmorillonite has been outlined by Altschuler
(1963). 1In this process the 2:1 clay structure of montmorillenite
(tetrahedral layer, octahedral layer, tetrahedral layer} is altered to
the 1:1 structure of kaolinite (tetrahedral layer, octahedral layer).
This cccurs by leaching the interlayer cations of the montmorillonite
and then by removing one of the tetrahedral layers of the 2:1 structure.
Altschuler did not suggest a mechanism for the removal of tetrahedral
layers, but XKeller (1958) noted that with an abundance of sodium and
potassium ions, which would be expected from the leaching of montmoril-
lonitic clay, silica is stabilized in solution. This enriches the
weathered zope in alumipna and gives another source for the silica found
in silcrete.

The above process is completad when the imbalance of charges

created by the removal of a tetrshedral layer is corrected by filling

the vacant tetrahedral sites with hydrogen ions.
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CONCLUSIONE

Table 5 18 a review of the evidence for and agalnst the theory
that the Bear Den Member represents & weathered horilzon.

Freas (1962}, after noting that the mineral profiles of the Bear
Den appear to be consistent with that of a weathered profile, presented
reasons for concluding that the kaolin is detrital. This study presants
gvidence that the Bear Den Member represents a weathered horizon.

In addition to the evidence presented (table 5) for the theory
that the kaolin of the Bear Den Member was formed in place, explanations
are given for the ideas that weathering has not occurred. These explana-
tions are further discugszed below.

1. This, and other studies {(Wehrfritz 1978; Rarner, Blorlie,
and Christensen 1978), have ghown that an unconformity is preseat at
the top of the Bear Den Member.

2. The nature and characteristics of the sediments are a result
of thelr fluvial depcsition preceding weathering. This type of deposi-
tion explains the stratigraphic nature of the sediments. The sediment's
widespread distribution is the result of conditions conducive £p weather-—
ing found throughout the Williston Basin during the formation of the
soil horizon in late Paleccene or early Eocene time.

3+ Plagioclase and amphibole are not found near the top of
this unit and only bégin to appear with depth in the less weathered
sediment. Pyrite may be present; Keller (1964, p. 18) who stated
that "the important effect in the kaolinization process s the
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TABLE 3

EVIDENCE FOR AND AGAINST THE THEORY OF IN PLACE WEATHERING OF THE BEAR DEN MEMBER

Evidence against, Freas (1962)

Evidence for, this study

1.

2,

No unconformity ls present at the top of
the Bear Den Member.

The unit is too uniform and widespread,
and hag a stratiform nature that cannot
be explained by weathering.

. The plagloclase, amphibole, pyrite, and

siderite present should not have been
able to withatané weathering.

. Kaolinite and muscovite show parallel

alignment.

al

An unconformity is present at the top of the
Bear Den Memher.

The Bear Den 1s not uniform In thickness and
cross~cuts stratigraphic units. The distribu-
tion of these units 1s a result of rheir
original fluvial deposition.

Plagloclase, amphibole, pyrite, and siderite
show a gradational increase in abundance toward
the base of the member where weathering is less
complete,

Kaolinite and muscovite are seldom found with
perallel alignment.

Additional Evidence for the Theory of In Place Weathering
The mineralogy and the mineral profiles are consistent with those of a weatherad horizon.
Favorable climatic conditions for weathering were present during the Eocene.
The topography and thickness relationships are similar to that of a seil.
The kaplinite horizon transgresses Sentinel Butte strata.

Scanning electron microphotos show & varying degree of crystallinity in the kaolinite,
Chenical data show that leaching of the Bear Den sediments has occurred.

The Bear Den Member compares favorsbly with similar units that have been described as

weathered horizons,

rA™
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removal of Fe from the reacting system, which can also be effected under
geologic reducing conditions" where pyrite would be expected to be
formed.

4. Kaolinite and muscovite do not always show parallel align-
ment {(Figure 12}, but thils alignment may be axpected to be found because
the kaolinite has been derived from clay and feldspar that was deposited
by fluvial processes with the muscovite.

The above review demonstrates that the Bear Den Member repre-

gents 4 weathered horizon and that the kaplinite is not detrital but

was formed by a weathering process.
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DESCRIPTIONS OF DRILL HOLES AND MEASURED SECTIONS

This appendix describes the drill holes and measured sections
psed in this study. Drill holes designated with the prefix GV followed
by & number were completed with a truck-mounted auger. ﬁeasnre& sec-
tions are designated by the prefix GV followed by a number and the let—
ter M. A final set of samples are from rotary drill holes completed by
the United States Geological Survey and the North Dakota Geslegleal
Survey. These samples are designated by the prefixes 6169, 3(36-I, or
REAP, followed by a number.

location of the drill holes and measured gections are described
by sectlon, townshlp, and range. A series of letters following the
section number indicates quarter-quarter-quarter measurements, or 10
acre tracts. Lettering begine in the northeast quarter and goes counter-
clockwise from 4 to D, The first letter indiéates the quarter (160
acres}, the second letter indicates the quarter of a quarter (40 acres),
the third letter indicates the quarter—quarter-quarter (10 acres).

Color descriptions of samples in measured sections are from the
Munsell So0il Color Chart,

4 list of abbreviatlons usged in the descriptions followg.

calc: calcareous 1t: light ‘ 3
carb: carbonaceous med: medium -
cone: concretion sandst: sandsatone S
dik: dark siltst: siltstone -
Fel: iron oxide gm: small *
frags: fragments spl: sample
lg: large wx: weathers

limst: ;1mestene xls: crystals
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Auger Drill Hole: GV-1 Location: TI146N, ROOW

By: Gordon Prichard Sec. 13, BBB

pate: 6-13-77 Elevation: 2165 (660 metres)

Interval Description of Deposit
Feet Metres Glacial Materials
0-3 0.0~ 0.9 Clay, silty, brown, topsoil.
3-10 0.9- 3.0 Pebble loam, gray-brown,
cale, oxidized,

10-42 3.0-12.8 Pebble loam, olive~brown, cal-
careous with carb streaks and
lignirs frags, oxidized.

4257 12.8-17.4 Pebble loam, gray, lignite frags.

Sentinel Butte Formation

57-60 17.4-18.5 Sand, med grained, orange-brown,

with silt and some clay.
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Auger Drill Hole: GV-2 Location: T148N, ROOW

By: Gordon Prichard Sec. 13, CCB

Date: 6-13-77 Elevation: 2190 (668 metres)

Interval Degcription of Deposit

Feet Metres Bear Den Member

0~ 2 8.0~ 0.8 Clay, silty, 1t gray, kaolinitic,

2-10 0.6~ 3.0 Sand, fine grained, silty, 1t gray
with orange nodules, kaelinitic,

10-25 3.0~ 7.6 Sand, fine grained, silty, ltr gray-

brown with corange nodules, kaolinitic

Sentinel Butte Formation

25-27 7.6-17.4 Sand, fine grained, silty, 1t brown,
bacomes less silty and more coarse
with depth.

27-57 17 .4-24,7 Sand, fine grained, 1t brown with
orange nodules.

57-81 24.7-26.8 Sand, fine gralned, brown with lig-

- nite frags.

88-83 26 .8-28.3 Sand, fine grained, lt brown with
orange nodules.

9394 28,3~28.7 Lignite,

94-98 28.7-29.9 Sand, fine to med grained, dk browm

with lignite frags and orange specks.
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Auger Drill Hole: 6V-3 Location: TI146N, RIOW
By: Gordon Prichard - Sec. 15, DDD
Date: 6-~14~77 Elevation: 2235 (681 metres)
Interval Description of Deposit
Feet Metres Glacial Materials
0~ & 2.0~ 1.8 Pabble loam, olive-gray, cale.
- 630 1.8~ 9.1 Pebble loam, orange-brown,
oxidized,
30-50 2.1-15.2 Pebble loam, gray.

Sentinel Butte Formation

30-70 15.2-21.3 Sand, fine grained, tan, some mica.




Anger Drill Hole: V-4
By: Gordon Prichard
bDate: 6-15-77

Interval

Feet Metres

0-18 0.0-3.5

60

Location: TI146N, R9OW
Sec. 20, BBRC
Elevation: 2120 (646 metres)

Description of Deposit

Sentinel Butte Formation

Sandst, fine grained sand, tan, some
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Auger Drill Hole: GV-3 Location: TL146K, R90W
By: Gordon Prichard Sec, 30, ABB
Date: 6-15-77 Elevation: 2100 (640 metres)
Interval Description of Deposit
Feet Metres Slope Wash
0- 4 G.0- 1.2 Sand, fine grained, silty, dk brown,

becomes lighter with depth, topsoil,

Sentinel Butte Formation

4-27 1.2~ 8.2 Sand, fine to med grained, silty,
tan.
2740 8,2-12.2 Sand, fine to med grained, silty,

tan, very tight, with carb material
and 1t blue nodules,.
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Auger Drill Hole: GV-& location: T146N, ROOW

By: Gordon Prichard Sec. 23, CCC

Date: 6-16-77 Flevation: 2250 (686 metres}

Interval Description of Deposit
Feet Hetres ' Camels Butte Member
- 1 ¢.0- 0.3 S8ilt, clayey, hrown, micaceous, soll
on bedrock.
1-10 0.3- 3.0 Sand, silty, very fine gralned, bwff,
micaceous, with exidized nodules.
10~-13 3.0- 4.0 Clay, silty, tan to orange, thinly
banded.

13-19 4.0~ 5.8 Clay, silty, olive-brown, orange on
clay partings.

19-23 5.8~ 7.0 Clay, silty, dk brown (purple hue),
micaceous, with carb material and
lignite stringers.

23-28 7.0~ 8.8 Sand, very fine grained, silty, tan
te buff, very micaceous.

29~35 8.8-10.7 Sand, very fine to fine grained, very
micaceous.

35-35 16.7-11.9 8ilt, clayey, 1t brown to orange,
micaceous,

39-45 11.9-13.7 Sand, fine grained, tan, micaceous,
with nodules of 1t green clay.

45-62 13.7-18.% Clay, gray-brown with nodules of 1t

green clay.

Bear Den Member

62-71 18.8~21.6 Clay, silcy, 1t gray, kaeclinicic.

Sentinel Butte Formation

71~72 21.6-21.9 Clay, silty, dk gray, carb, some mica,
with lignite frags. -

72~87 21.9-26.5 Clay, silty, gray with green clay
nodules.

87-91 26.5-27.7 8ilt, clayey, gray, some mica, with
green specks and lignite frags.

91-160 27.7-30.5 Silty and very fine grained sand,

: gray, some milca,
1001086 30.5-32.3 Sand, fine to med grained, some mica.
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suger Drill Hole: GV-7 Location: TI146N, R9OW
By: Gordon Prichard Sec. 14, CCC
Date: 6-16-77 Elevation: 2260 (689 metres)
Interval Description of Deposit
Feet Metres Camels Butte Member
0- 2 0.0- 0.6 Clay, silty, buff, orange streaks.
2- 4 0.6- 1.2 Clay, silty, tan to orange, with
gypsum crystals.
4~ 5 1.2- 1.5 Clay, gray-brown, smooth with lig-
nite frags.
5- 6 1.5- 1.8 Clay, dk brown {purple hue), carb,
micaceous.
6~20 1.8- 6.1 Silt, clayey, some very fine

grained sand, tan, becomes
coarser with depth, very
micaceous.

20-27 6.1- 8.2 Sand and silt, fine grained, lt
brown, micaceous.

27-31 8.2~ 9.4 Sand, fine grained, silty, brown,

: some lignite frags, micaceous.

31-38 9.4-11.6 Sand, fine grained, 1t brown,
micaceous.

38-42 11.6-12.8 Sand, fine grained, brown,
micaceous. :

42-47 12.8-14.3 Sand, very fine grained, silty,

some clay, tan, micaceous.
Bear Den Member

E 47-52 14.3-15.8 Clay, 1t gray, smooth, carb,
x kaolinitic,

Sentinel Butte Formation
52-66 15.8-20.1 Clay, silty, gray, some mica.

66-95 20.1-29.0 (Poor spl return) Silt with clay,
gray, micaceous.
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3 Auger Drill Hole: GV-8 Location: T146N, ROOW

1 By: Gordon Prichard Sec., 31, DDA

E Date: 6=17-77 Elevation: 2055 (626 metres)
; Interval Description of Deposit

i Feet Metres £lope Wash

E: 0-20 0.0- 6.1 Sand, silty, med grailned, tan,

Sentinel Butte Formation

20-32 6.1~ 5.8 Sand, silty, fine to med grained,
tan.
32-35 g.86~10.7 Sand, silty, fine to med grained,

tan to 1t brown, with some clay
nodules.
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Location: TI146N, R90W
Sec., 32, DDD
Elevation: 2160 {658 metres)

Description of Deposit

Auger Drill Hole: GV-9
By: Gordon Prichard
Date: &-20-77
Interval
Feet Metres
0~ 1 0.0- 0.3
1- 3 0.3~ 0.9
3-10 0.9~ 3.0
10-18 3.0~ 3.5
18~22 5.5- 6.7
22-25 6.7- 7.6
25-42 7.6-12.8
42-55 12.8-16.8
55-56 16.8-17.1

Bear Den Member

Sand, silty, fine grained, browm,
soil on bedrock.

Silt, e¢layey, 1t brown to 1t gray,
scome mica, kaclinitic.

S1lt with some sand, 1t gray, mica.
Sand, some silt and clay, very fine
grained, 1t brown.

Sand, some silty and clay, fine to
med grained, 1t brown.

Sand, some silt and clay, fine to
med grained, 1t gray to white.
Sand, fine grained, lt gray-brown,
micaceous.

Sand, fine grained, 1t brown to tan,
gome mica.

Sentinel Butte Formation

Sandst, fine grained, gray~hrown,




Auger Drill Hole: GV-10
By: Gordon Prichard '
Date: 6~-20-77
Interval

Featl Metres

0~ 2 0.0- 0.8

2"’"’ ? Qté- 2:3.
l?"'ig 502“" 5‘8
1925 5.8~ 7.6
25-28 7.6~ B.5
2837 8.5-11.3
2748 11.3-14 .8
4895 14.,6=~29.0

66

Location: F145N, ROOW
Sec. 4, DDD
Elevation: 2080 (634 metres)

Description of Deposit

Sentinel Butte Formation

Sand, silty, fine grained, orange-
brown, some mica.

Sand, fine to med grained, tan.
Clay, silty, gray~brown.

Clay, some asilt, gray, thin conc
layer at 18°',

Sand, fine grained, tan to brown.
Sand, silty, fine grained, tan.
Sand, silty, med grained, orange~
brown, some large orange nodules.
8ilt, clayey, gray with orange
oxidized banda.

Poor spl return. Moatly gray samd
with silt and cley; sand is med to
fine grained.

e dpese — i
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Auger Drill Hele: GV-11 Locatfon: TL45N, ROOW
By: Gordon Pricherd Sec. 11, CAA
Date: 6-22-77 Elevation: 2180 {664 metres)
Interval Despription of Deposit
Feet Metres Bear Den Member
0~ 5 6.6~ 1.5 811t and very fine grained sand,
buff.
5- 8 1.5~ 2.4 511t with some very fine grained
sand, very lt gray, scme mica,
kaolinitic.

Sentinel Butte Formation

8- 9 2.4- 2.7 ' $11t and very fine grained sand,
orange, nica.
9-12 2.7~ 3.7 §ilt, clayey, 1t gray, Gome Very
fine gralned sand, mica.
12-14 3.7~ 4.3 §ilt, clayey, tan, some mica.
1424 4,3- 7.3 Sand, silty, fine graiped, 1t gray,
24~26 7.3- 7.8 Sand, silty, fine grained, lt gray-
brown.
26-31 7.9- 9.4 Sand, med grained, 1t gray to tan,
galt and pepper.
31-37 9,4~11.3 Band, med grained, brown with lig-
nite frags.
37-42 11.3-12.8 Sand, med grained, 1t brown with
lignite frags.
4246 12.8-14.0 Sand, med grained, 1t gray-brown
3 with lignite frags.
3 46~47 14.0-14.3 Lignite.
. 47-53 14.3-16.2 Sand, med grained, brown with some
: lignite frags. !
53-58 16.2-17.7  Sand, med to fine grained, gray- f
g brown, silty. .
. 58-80 17.7-24.4 Sand with silt and clay, med to

fine grained, clive-gray, some
mica, orange =specks,

80~83 24 4~25.3 8ilt with clay, some sand, gray,
carb stringers.

83-84 A 25.3-25.6 Lignite.
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Messured Section: GV-11M Location: TI145N, ROOW
By: Gordon Prichard ’ Sec. 11, CAA
pate: 8-2-77 Elevation ¢f Base: 2180

{664 metres)

interval Description of Deposit
Feat Metres Camels Butte Member
56.5-71.0 17.2-21.6 5ilt, some clay, 2.5Y 7/4 pale
yellew, micaceous.
54,0-56.6  16.5-17.2 Clay, silty, 7.5YR 3/2 dk browm

with common plant frags and
pelenite xls, Thin lignite at the
top of this unit.

30.0-54.0 9,1-18.5 Silt with some fine grained sand,
5Y 7/2 1t gray, micaceocus, some
clay, laminated.

28,5-30.0 B.7- 9.1 Silt and clay 10YR 6/2 1t brownish
gray, some mica. ‘

26.0-28.5 7.9~ B.7 Clay, silty, 10YR 6/3 pale brown,
laminated.

25.5-26.0 7.8- 7.9 Lignite, black, shaley.

Bean Den Member

22.0-25.5 6,7« 7.8 Clay, silty, 5YR 7/1 1t gray with
white specks, massive.
20.0-22.0 6.1~ 6.7 Clay, silty, 5YR 8/1 white,

mottled by 2.5Y¥R 7/6 yellow stain—
ing from wx siderite nedules,

laminated.

16.0-20.0 4.9~ 6.1 Clay, silty, 5YR 8/1 white, mica,
lanipated.

5.5-16.0 1.7- 4.9 Cley, silty, 5YR 5/1 gray with
white specks, mica, and plant
frags.

0.0~ 5.5 0.0- 1.7 Clay, silty, 7.5YR 4/2 browm, dk

brown with yellow Fel staining,
common plant frags, laminated,
fiasgle.
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Auger Drill Hole: GV-12 Location: TL145N, ROOW
By: Gordon Prichard ‘ Sec. 2, BAC
Date: 6=22-77 Elevation: 2180 (664 metres) -
Interval Degcription of Depesit
Feet Metres Slope UWash
0~ 2 0.0~ 0.6 5ilt and sand, gray brown.

Bear Den Member

2= 4 0.6- 1.2 Clay, silty, 1t gray, kaolinitic
with mica.

b4~ 6 1.2~ 1.8 Clay, silty, gray-brown, carb with
mica.

6- 8 1.8~ 2.4 Clay, silty, dk brown with some
gmooth black clay, carb.

8-14 2.4~ 4.3 Silt, some clay, 1t gray te white,
some fine grained sand.

14~20 4,3~ 6.1 Sand, with silt and clay, fine
grained, 1t gray, some mica.

20-25 6.1~ 7.6 Sand, with silt and clay, fine
grained, lt gray to white, some
mica. .

25-28 7.6- 8.5 Sand, with silt and clay, fine

grained, lt gray, some mica.

Sentinel Butte Formation

28-46 8,.5-14.0 Sand, fine to med grained, 1t
brown to gray, salt and pepper
with orange specks.

46-55 14.0-16.8 Sand, med grained, tan, salt and
pepper with orange specks.

55-56 16.58~17.1 Lignite.

5680 17.1-18.3 Sand, med grained, dk brown, lig-
nite stringers.

60~-62 18.3-18.9 Sand, med grained, orange-browm,
salt and pepper with orange specks.

62-83 18.9-19.2 Sand, fine to med grained, gray, '

salt and pepper,.




Measured Section:

By: Gordon Prichard

GV-12M

Date: 8-2-77
Interval
Feet Metres
5)8-5'—53»0 }.4-8"16;2
48&6_4835 14.6_14»8
45,5-48.0 13.9-14.6
36,5-45.5 11,1-13.9
34,0-36.5 10.4-11.1
27.0-34,0 8.2-10.4
6.5~-22.5 2.0~ 6.9
Qso_ 605 Q»G_ 2;9
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Location: TI145N, ROOW
Sec. 11, CAA
Elevation of Base: 2180
{664 metres)

Description of Depesirt

Capels Butte Member

51lt, clayey, 2.5Y 8/4 pale yellow,
micaceous, indurated.

Lignite.

Clay, silty 5YR 5/3 reddish brown
with selenite xls, plant and lig-
nite frage, laminated.

S1lt with very fine sand, 10YR 7/1
1t gray, micaceous with yellow
streaks, small scale cross
laminations.

Sand, med grained, 10YR 8/3 very
lake brown, micaceous with hlack
specks,

Sand, fine gralned, 10YR B/2 white,
micaceous with black specks.

Sand, fine grainmed with silc,
7.5YR 7/2 pinkish gray, micaceous
with lignite £rags.

Bear Ten Member

Clay with silt, 5YR 8/1 white,
macgsive with yellow staining and
siderite nodules.

Clay, some silt, 10YR 4/1 dk gray,
magsive with white specks.
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Auger Drill Hole: GV-13 Location: T1458, ROOW
By: Gordon Prichard Sec. 5, DDB
Date: E=~22-77 Elevation: 2165 {660 metres) N
Interval Description of Deposit
Faet Metres Slope Wash
:; ? , 0- 3 0.0~ 0.9 811t and clay, orange-brown, mica.

| f Bear Den Member

3~ 5 8.9~ 1.5 Silt with some clay, yellow-orange.
529 1.5~ 8,8 Clay, silty, very 1t gray to white,
kaolinitie,
3 29-33 8.8~10.1 Sand with silt and clay, very fine
4 grained, 1t gray.
33-46 10.1-14.0 Sand, little clay, very fine grained,
it gray.
46-51 14.0~15.5 Sand, very fine grained, 1t gray-
brown.
Sentinel Butte Formation
51-53 15.5-16.2 Sand, med grained, dk brown, lignite
frags,
53-85 16.2-25.9 {Poor spl return). Clay, silty,
gray.
85~85 25.9-28.9 {Poor spl return). Sand, fine to
med grained, blue-gray, salt and
pepper .
A
1
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Auger Drill HRole:  GV-14 Location: T146N, RIOW
By: Gordon Frichard Sec. 34, CCA
Date: 6~23-77 Elevation: 2145 (654 metres)
H
Interval Degeription of Deposit
Feet Metres Slope Wagh
0- & 0.0~ 1.2 Sand and silt, very fine grained,

buff to tan with mica.

Bear Den Membear

48 1.2- 1.8 Sand, very fine grained, tan with
black and orange specks, mica,

6 7 1.8- 2.1 Sand, fine grained, tan to orange
with black and orange specks, mica.

7-23 2.1- 7.0 Clay, eilty, 1t gray to white with
mica, kaolinitic.

23-40 7.0-12,2 8ilt with clay and very fine grained
sand, 1t gray, orange specks and
nica,

40-42 12.2-12.8 811t with very fine grained sand,

1t gray to 1t blue, micacecus.

Sentinel Butte Formation

4248 12.8~14.6 8ilt with clay, 1t blue-gray,
" micaceous.
4860 14,6-18.3 84ilt, clayey, blue-gray with mica.
60~81 18.3-18.%6 Silt with very fine sand, blue-gray,
Indurated.
81-70 18.6-21.3 Clay, silty, blue-gray with mica and

lignite stringers.




Measured Section:

By: Gordon Prichard
Date: 8§-3=77

GV-14%

73

Location: TL46N, ROOW
Sec. 34, CCA

Elevation of Base: 2145
{654 metres)

Descriotion of Deposit

Interval

Feet Metres

46.5-50.0  14.2-15.2
43.5-46.5 13.3-14.2
42.0-43.5 12.8-13.3
39.0"42.3 liug"'lz.a
3?-5“39:0 111&"’.}.119
34»5“3?05 10- 5“1}»-4
21.&“‘34-5 6-6"'10—5
21.0-21,5 6.4~ 6.6
18.0"21;0 5-5"‘ 5;4
7.0-18.0 2.1~ 5.5
0.0- 7.0 0.0~ 2.1

Camels Butte Member

Clay, silty, 10YR 7/1, 1t gray with
orange specks, laminated.

Clay, some silt, 2.5Y 5/2 grayish
brown, micaceous with lignite frags,
laminated.

silt, clayey, 7.5YR 4/4 dk brown,
very micaceous, with selenite xls
and plant frags, laminated, flzsle.
Sand, fine grained with silt, 5¥
7/3 pale yellow, micaceous, with
lignite frags, aznd small scale
cross laminations.

Clay, eilty, 5Y 6/3 pale olive,
micaceous with orange streaks and
plant frags, laminated.

Sand, fine grained with silt, 1GYR
8/2 white, micaceous with black
specks and orange staining. Thin
black carb clay at the top of this
unlt,

Clay, silty, 2.5Y 7/4 pale yellow,
with mica, laminated.

Lignite, hlack,

Bear Den Member

Clay, silty, 10YR 7/1 1t gray with
carb streaks, massive.

Clay, aome silt, 2.5YR 4/0 dk gray
with lignite frags and white specks,
magalve,

8ilt, clayey with some very fine
grained sand, 10YR 7/1 1t gray

with orange stalning, massive.




Auger Drill Hole: GV-15
By: Gordon Prichard

Date; 6-23-77
Interval
Feet Metres
G" 3 0.0"‘ 009
3- 7 0.9~ 2.1
7-13 2.1~ 4.0
13-18 4.0~ 5.5
18-25 5.5- 7.6
25-28 7.6~ 8.5
28-37 8.5~11.3
3742 11.3-12.8
42-50 12.8-15.2
530-51 15.2-15.5
56-60 17.1-18.3
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Location: TI146N, ROOW
Sec. 21, BCA
Elevation: 2220 (677 metres)

Description of Deposit

Slope Wash
8ilt and clay, with sand, gray brown,
Bear Den Menmber

Clay, silty, dk brown to purple,
lignitie, brittle.

Clay, silty, lt gray, kaolinitic.
811ty with very fine grained sand,
buff, micaceous with orange specks,
S811t, clayey, lt gray, micaceocus
with lignite frags and orange
specks.,

Sentinel Butte Formation

Sand, fine to med grained, tan, some
mica with orange specks and lignite
frags,.

Sand, fine to med grained, gray
brown, some mica, salt and pepper.
Sand, fine to med grained, tan to
gray, some mica, salt and pepper
with lignite frags.

Clay, silty, dk gray, micaceous
with lignite frags.

Clay, dk gray to black, smooth,
carb with lignite,

Clay, silty, gray, very micaceocus.
Sand, fine to med grailned, olive
brown.




Measured Section:

By: Gordon Prichard
Date: B8-3-77

GV-15M

Interval

Feet Metres

63.0-70.0 19,.2~21.3
62.0~63.0 18.9-19.2
61;0"’62-0 18:6"18:9
49;0“6110 3&‘5&9"18;6
45.0-48,0 13.7-14.9
24-5-4500 7«5""13-7
24 .0-24.5 7.3- 7.5
0.0~24.0 0.0~ 7.3
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Location: TL46XN, ROOW
8ec. 21, BCA .

Elevation of Base: 2220
{477 metres)

Description of Deposit

Cemels Butte Member

Clay, silty, 53Y 7/2 1t gray with
mica and plant frags, laminated.
8ilt, with clay, 5YR 4/3 reddish
brown, micaceous with selenite
xls, laminated.

Clay, 7.5YR 2/0 black, very carb,
laminated,

Sand, fine to med grained, 10YR
7/1, 1t gray, micaceous with
indurated layvers, small scale
cross laminations.

811t with some clay, 2.5Y 7/2 1t
gray, some fine grained sand,
micageous with orange staining,
laminated,

Clay, silty, banded 10YR B/1 white
with 10YR 8/3 very pale brown,
some mica, lapinated. Unit has a
thin conc layer at 26' and a thin
carb ¢lay layer at the top.
Idgnitic shale, black, fissle,.

Bear Den Member

Clay, silty, 5YR 4/1 dk gray, some
lignite specks, masaive., Unit is

banded gray and dk gray with some

orange streaks. _
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Auger Drill Hole: GV-16 Location: Tl46N, RIOW
By: Gordon Prichard Sec. 21, CCB
Date: 6-23-77 . Elevation: 2245 (684 metres)
Interval Degeription of Deposgit
Y Feet Metres Slope Wash
f 0- 4 .0~ 1,2 Sand, very fine graimed with silt,

tan, micaceous.
Bear Den Member

4-11

1.2~ 3.4 Clay, silty, gray toc purple.
11-32 3.4- 8.8 Clay, gray te lt gray to purple,
smooth, becomes silty and lighter

with depth.
Sentinel Butte Formation

32-40 9.8-12.2 Sand, very fine grained, tan,

micaceous with orange specks
. and lignite stringers.

4044 12.2-13.4 Sand, very fine grained, with silt,
1t gray-brown, micaceocus, lignite
stringers.

44-50 13.4-15.2 Sand, fine grained, gray-brown,
micaceous, salt and pepper with
lignite stringers.
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aAuger Drill Hele: GV-17 Location: TI145N, RSOW

By: Gorden Prichard Sec. 12, AAD

Rpate: 7-7-77 Elevation: 2145 {654 metres)
Interval Description of Depogit

Feet Metres Sentinel Butte Formation

0- 6 6.0- 1.8 Sand, fine grained, silty, lt brown,
micaceocus with orange and black
specks.

6- 9 1.8- 2.7 Sand, fine grained, silty, tan,
micaceous, with orange and black
specks.

8-14 2.7- 4.3 Sand, fine grained, silty, lt browm,
micaceous, with orange and black
specks.

1417 4.3~ 5.2 Sand, fine to med grained, 1t gray-

brown, some silt with mica and
black specks.

17-21 5.2- 6.4 Sand, flne to med grained, tan to
orange, scme silt, little mica,
with black specks.

21-29 6.4- 8.8 Sand, fine to med grained, tan,
some mica, with black specks.
29-31 §.8~ 9.4 Sand, very fine grained, with silt

ald eclay, 1t gray mottled with
orange streaks, nicaceous, with
black specks.

31-34 9.4-10.4 Silt, with clay, 1t gray, some carb
streaks, micaceous,
34-36 16.4~11.0 §ilt, with some sand and clay, tan
to orange, micaceous.
36--39 11.0-11.9 51lt, some sand, dk brown, micaceous,
. very carb with lignite stringers.
3945 11.9-13,7 Silt, tan, micaceous, lignite
specks. :
45-50 13.7-15.2 5ilt, sandy, tan to orange, )
micaceous with black gpecks. J
50-54 15.2~16.5 5ilc, tan, micaceous, black specks. !
5462 16.5-18.9 511t, sandy with some clay, olive-
t

brown, some mica and black specks.

Thin lignite stringer at about 587,
82-70 18.5~-21,3 $ilt and clay, some sand, blue-gray,

micaceous, with lignite stringers.
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Auger Drill Hole: GV-18 Location: TL146N, ROOW
By: Gordon Prichard Sec. 36, ADA
Date: 7-8-77 Elevation: 2310 (704 metres)
Interval Descripiion of Deposit
Feet Metres Camels Butte Member
0-14 0.0~ 4.3 Clay, buff, smooth with plant frags
and orange streaks.
14~13 4.3~ 4.6 Clay, black with orange staining,
lignitie.
15-1% 4,6~ 5.8 Clay, some silt, 1t gray—-brown.
1920 5.8~ 6.1 Clay, black, very carb to lignitic,
gelenite xls.
20-23 6.1- 7.6 Silt, some clay, brown, micaceous
with lignite frags.
25-32 7.6~ 9.8 Sand, very fine gralned, with silt,
tan, very micaceous,
12-34 9,.8-10.4 Clay, silty, dk gray-brown, carb
with mica,
34-42 10.4-12.8 5ilt, some clay, med to 1t blue-~
: gray, very micaceous with carb
streaks.,
42-50 12.8-15.2 Clay, silty, med to 1t blue-gray
with mica and lignite frags.
50-60 15.2-18.3 Clay, silty, gray, micaceous with
lignite frags.
60-64 18.3-19.5 Silt, with clay, med to dk green,
micaceous.
6480 19.5-24.4 Clay, silty, greenish gray,
micaceous,
B0-81 24.4-24.7 Clay, dk gray, carb.
81-85 24.7-23.9 Clay, silty, gray, micaceous with
a thin lignite at about B2',
85-82 25,5~28.0 Clay, silty, 1t green, milcaceous,

[

very tough.
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Auger Drill Hole: GV-19 Location: TL145N, R8SW
By: Gordon Prichard Sec. 4, CCC
pate: 7-12-77 Elevation: 2275 {(6%3 metres)
i‘ Interval Description of Deposit
3 ? Feet Metres Topsoil
3 o~ 3 0.0- 0.9 §i1t with very fine grained sand,

brown, nicaceous.
Camels Butte Member

-6 0.9~ 1.8 811t with some very fine grained
aand, 1t brown, micaceocus with
black specks.

&-10 1.8~ 3.0 811t with some very fine grained
sand, buff, with mica and black
apecks.

10~17 3.0- 5.2 Fine grained sand with asilt, buff,
micaceous with black and grange
apecks.

A 17-15 5.2~ 5.8 Fine grained sand with silt, orange,

3 micaceous,

. 19-20 5.8- 6.1 Clay with silt, dk brown to black,
lignitic,

Bear Den Member

20-26 6.1~ 7.9 Clay, 1t gray to 1t blue, smooth
with orangs streaks.

Sentinel Butte Formation

26-37 7.9-11.3 §ilt, buff to tan, some mica,
becomes sandy with depth.
37-44 11.3~13.4 811t with clay, gray, some mica .
with light stresks. !
Yy 13.4-14.3 Clay, dk brown to black, ligaitic. |
47~-52 14.3-15.8 Clay, silty, med to dk gray, i
micaceous. %
52~70 15.8-21,3 Clay, some silt, gray with orange §
_ . specks and mlea.
- 70-72 21.3-21.9 Clay, dk brown to black, very carb.
- 72-73 21.9-22.3 Clay, gray, smooth with mica.
: 73-75 22.3-22.9 Clay, 1t green, smooth with black
streaks.

75-85 22,5~-25.9 Clay, with silt, gray, some mica.
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Auger Drill Hele: GV-20 Location: T145M, RBOW
By: GCordon Frichard Sec. 15, DDD
Date: 7-12-77 Elevation: 2125 (648 metres)
Interval Deseription of Depogit
Feet Metres Sentinel Butte Formation
0- 3 6.0~ 0.9 Sand, fime to med grained, tan, salt
and pepper.
33 0.9- 1.5 Sand, fine to med gralned, orange-
brown, oxidized, salt and pepper.
5-23 1.5- 7.0 Sand, med gralned, tan to orange,
with orange specks, galt and
pepper.
23-24 7.0~ 7.3 Sandstone, med grained, brown to
orange, poorly indurated. :
24-25 7.3- 7.6 $11t, some clay, tan to orange
with orange bandlng.
25~28 7.6~ 8.5 Sand, med grained, tan, some mica.
28-35 8,5-10.7 Sand, fine grained, with silt and
gome c¢lay, brown, very carb, some
mica.
3542 10.7-12.8 Sand, fine gralned with some silt,
| tan, some mica.
42-56 12.8-17.1 Clay, silty, gray with mica.
56-57 17.1-17.4 Lignite.
57-67 17.4-20.4 Clay, silty, gray with some dark
carb streaks and lignite frags.
67-88 20.4-20.7 Lignite.

68-75 20.7-22.9 Clay, silty, gray, some micsa.




Auger Drill Hole: GV-21
By: Gordon Prichard
Date: 7-13-77
Interval

Feet Metres

0~ 6 0.0~ 1.8

6-11 1.8- 3.4
1L1-16 3.4~ 4.9
16-23 4,9~ 7.0
23-25 7.0- 7.6
26-27 7.9~ B.2
27-34 8.2-10.4
34-36 10.4-11.0
36-40 11.0-12.2
4142 12.5~12.8
42~50 12.8-15.2
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Elevation: T145N, RESW
Sec. 20, BBB
Elevation: 2170 (661 metres)

Description of Deposit

Bear Den Member

Clay, silcy, 1t gray to white with
yellow streaks, some mica.

Silt with some clay and very fine
grained sand, 1t gray with orange
streaks and mica.

Sand, fine grained, 1t gray to white
with orange specks, micaceous.
Sand, fine to med grained, lt gray,
salt and pepper with mica.

Sand, fine to med grained, 1t gray-
brown, salt and pepper with lignite
frags and mica,

Lignite.

Sand, fine to med grained, 1t gray-
brownm, salt and pepper with lignite
frags and mica,

Sentine)l Butte Formation

Sand, fine to med gralned, tan, salt
and pepper with some mica.

Sand, med grained, browp, some mica
and lignite frags,

S8and, med grained with some silt
balls, 1t gray-brown, sand is BO-
B5% quartz, little mica,.

Clay, silty, 1t blue-gray to lt
brown with orange oxidized streaks,
micaceous.

¢lay, sllity, 1t blue—green micaceous.
811t with clay, gray, micacecus,
thin cone at 49°.
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Auger Drill Hole; GV~22 Elevarion: T145N, RSSW
By: Gordon Prichard Sec. 1l&, HDA
Date: 7-13=77 Elevation: 2200 (671 metres)
Interval Description of Deposit
Feet Metres Bear Den Member
0-11 0.0~ 3.4 Clay, silty, 1t gray to white,
‘ kaclinitic.
11~13 3.4- 4.0 Sand, very fine grained with silty,
1t gray with black specka, micaceous.
13~21 4,0~ 6.4 Sand, very fine grained, szilty, buff,
salt and pepper, micaceous.
21-23 6.4~ 7.0 Sand, very f£ine grained, silty, lt
gray, salt and pepper, nmicaceous.
23-25 7.0- 7.6 Sand, very fine grained, silty, 1t
gray~brown, salt and pepper,
micaceous.
25-28 7.6~ 8.5 Sand, very fine to fine grained, It

gray-brown, salt and pepper with
lignite frags.

Sentinel Butte Formation

2837 8.5-11.3 Send, fine to med grained, tan to 1t
brown, salt and pepper with lignite
frags. '

37-38 11.3-11.6 Sand, fine to med grained, tan, salt
and pepper.

IB=~47 11.6~14.3 Sand, fine grained, gilty, 1t gray-

brown, with orange streaks and
black specks, gome mica.

47-70 14.3-21.3 Sand, fine to med grained, some
silt, 1t brown to 1lt olive-Brown,
black specks, some mica.




Measured Section: GV-22M
By: Gordon Prichard
Date: 8-4-77

Interval

Feet Metres

49-5“56-& lﬁnl"l?sl

36:5"49.5 11:1"‘1501

27.5-36.5 8.4~11.1

26,5-27.5 8.1~ 8
25.5-26.5 7.8- 8.

19-3_25.5 558"‘ ?sg
12.0~19.0 3.7- 5.8

11.0-12.0 3.4~ 3,7

0.0-11.0 0.0~ 3.4
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Location: T145N, R85W
Sec, 9, CDC
Elevation of Beee: 2200
{671 metres)

Description of Deposit

Glacial Materials

Pebble loam, 5Y 6/3 oltve—gray, with
orange nodules and lignite frags.

Camels Butte Member

8ilt with some clay, 5Y 7/2 1t gray,
micaceous with lignite streaks,
laminated. & laver of petrified
wood 1s at the top of this unit.
Clay, silty, 5Y 8/3 pale yellow,
aicaceous, laminated.

Lignite.

Clay, silty, 5YR 4/3 reddish brown,
micaceous with plant frage and
selegnite, laminated with some small
scale cross laminations in the silty
streaks.

Clay, silty, 5Y 6/2 1t olive-gray
with orange streaks on bedding,
micacecus, laminated,

Clay, little silt, 5Y 5/2 olive-
gray with some 1t and dk streaks,
some selenite xls, laminated.

Clay, 7.5 YR 4/Q dk gray, lignitic,
laminar, fissle, brittle.

Bear Den Member i

Clay, silty, 10YR 8/1 white, some
orange staining, masselve.




Auger Drill Hole:

By: Gordon Prichard

Gv-23
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Locatiosn: TL145N, REWW
Sec., 8, BCC
Elevation: 2170 (661 metres)

Description of Deposit

Date: 7-13-77
Interval
Feet Metres

O~ 5 0.0- 1.5
5 8 1.5~ 2.4
822 2.4- 6.7
2228 6.7~ B.5
28""31 qu"' 9:6
31-35 9,4-10.7
35-36 10.7-11.0
36-42 11.0-12.8
42-46 12.8-14.0
46-50 14.0-15.2
50~33 15.2-16.2
53-58 16.2-17.7
58-60 17.7-18,3
6062 18.3-18.9
62~65 18.9-19.8
6570 19.8-21.3

Glacial Materials

Pebble leam, buff te tan with orange
podules and lignite frags.

Bear Den Member

Sand, fine grained with silt, 1t
gray to tan with orange oxidized
streaks, micaceous.

811t with clay and very fine sand,
1t gray with crange oxidized
streaks, micaceous.

Sand, fine grained, It gray with
orange spacks, micaceous,

Sand, fine grained, 1t gray-brown
with orange specks, mlcaceous.

Sentinel Butte Formation

Sand, fine to med gralned, tan,
with orange specks, micaceous.
S8and, fine to med grailned, tan to
orange, micaceous.

Sand, fine to med grained, 1t grav-
brown, micaceous,

Sand, med grained, brown with lig-
nite frags.

Sand, med grained, tan to orange.
Sand, flne grained with silt, gray-
brown.

Sand, fine grained, silty, 1t brown
with mica.

S8and, fine prained, silty, tan with
mica.,

Sand, fine grained, silty, 1t browm,
somg mica.

Sand, fine gratned and silt, tan,
gome mica.

Sand, med grained, silty, 1t brown
with some mica and lignite frags.
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Auger Drill Hole: GV-24 Location: Tl45N, RB9W
By: Gordon Prichard Sec. 6, DAD
Date: 7-14-77 ' Elevation: 2195 (669 metres)
Interval Description of Deposit
Feet Metres Camels Burte Member
0- 5 0 - 1.5 Clay, silty, olive brown, some mica.
56 1.5~ 1.8 Clay, silty, tan to orange with
orgnge streaks, mlcaceous.
6-12 1.8~ 3.7 Clay, gilty, It gray-brown with
orange streaks, micaceous with
plant frags.
12-13 3.7~ 4.0 Lignicte.
13-14 4.0~ 4.3 Clay, blue-gray with orange streaks,
smooth.
14-17 4.3~ 5.2 8ilt, clayey, tan, micaceoua with
plant frags.
17-22 S5.2- 6.7 Clay, silty, olive gray, micaceocus
with orange specks.
22-23 6.7~ 7.0 iignite.
23-25 7.0- 7.6 Clay, silty, blue-green with carb
gtreaks,
2526 7.6- 7.9 Clay, silty, 1t blue-gray with carb
4 atreaks,
26-38 7.9~11.6 Clay, silty, gray, micaceodus.
3840 11.6~12.2 Clay, silty, dk gray to black, highly
carb with lignite frags.
Raar Den Member
4045 12.2-13.7 Clay, silty, gray to 1t gray (becomes
lighter with depth), some mlca,
45~50 13.7-15.2 Clay, silty, 1t gray, greasy,
kaolinitic.
50-58 15.2-17.7 8il1t, clayey, 1t gray, greasy, ;
kaolinitvic. i
58-65 17.7-1%9.8 841ty and clay, some very fine .
grained sand, 1t gray, kaolinitic |
with some mica. :
65-70 1%.8-21.3 511t and clay, some very fine grained
gand, 1t to med gray, some mica.




Auger Drill Hole: GV-24, cont.

70-75
75-82
82-85

85-90

21,3-22.%
22.9-25.0
25.0-25.%

25.9~27.4
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Sentinel Butie Formation

Silt and clay, some very fine grained
sand, gray, some mica.

$ilty and very fine grained sand,
med to 1t gray, micaceous.

8ilt, clayey with some very fine
grained sand, gray, micaceous.

Sand, fine to med grained, salt and
pepper, micaceous.
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Auger Drill Hole: GV-25 lLocation: T146N, R89W
By: Gordon Prichard Sec. 32, AAR
Date: 7-14~77 Elevation: 2245 (684 metres)
A Intervaeil Description of Deposit
3 Feet MetTes Camels Butte Member
] 0-10 0 -~ 3.4 Silt and clay, buff to tan, very
i ' micaceous.
7 10-15 3.4~ 4,6 Clay, grey-brown, micaceous with
3 plant frags.
: 15-17 h.6- 5.2 Clay, black, smooty, very carbonaceous
with lignite frags.
17-23 5.2~ 7.0 Clay, 1t grey-green, smooth with plant
frags and some mica.
23-24 7.0~ 7.3 Lignite.
24-27 7.3~ 8.2 Clay, dk grey, smooth, carbonaceous
with lignite frags.
2729 8.2~ 8.8 Lignite. '
29-44 8.8-13.4 Clay, silty, 1t grey, micacecus.
4445 13,4-13,7 Lignite,
45-50 13.7-15.2 Clay, silty, 1t to med grey, with some
mica.
50-57 15.2-17.4 Clay, silty, grey with 1t grey streaks,
micaceous. ’
57-60 17.4~18.3 Clay, silty, grey-green, micaceocus.
60-75 18.3-22.9 Clay, silty, grey with brown carbeon-~

gceous streaks, micaceous.




Auger Drill Hole: GV-26
By: Gordon Prichard .
Date: 7T=14-77

Interval
Feet g Metres
- 3 0.0~ 0.9
3"‘23 Gag— ?oo
23-24 7.0- 7.3
2440 7.3=-12.2

a8

Location: TI145, RAOW
Sec. 4, BBRB
Elevation: 2260 (689 metres)

Description of Depasit

8lope Wash
Clay, silty, dk brown to black.
Glacial Materials

Febble loam, olive with oramnge
nodules and many large to small
lignite chunks. Large carbonate
ATe Very DUmMerous.

Gravel with orange silt and clay.
Febble loam, grey, upoxidized with
only a few pebbles and little lig-
nite,
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Auger Drill Hole: Gv~-27 Location: TI145N, R8YW
By: Gordon Prichard Sec., 10, BBEC
Date: 7-14-77 Elevation: 2230 (680 metres)
Interval Description of Deposit
Feat Metres Slope Wash
0- b 0.0~ 1.8 Sand, fine to med grained, tan to
brown,

Glacial Materials

6-11 1.8- 3.4 Pebble loam, olive with orange
nodules and white cale streaks,
some lignite frags.

11~25 3.4- 7.6 Pebble loam, grey unoxidized with
lignite frags,

Besr Den Menmber

25-75 7.6~22.9 Clay, silty, lt to mwed grey, mica-
. Ceous.
75-85 22.9-25.9 S5ilt with some clay and very fine
grained sand, grey, micaceous.
85-90 - 25.9-27.4 Sand, fine grained, grey, salt and

pepper.
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Auger Drill Hole: GV-28 location: TI146N, ROOW
By: Gordon Prichard Sec. 36, BBD
Date: 7-15-77 Elevation: 2265 (690 metres)
Interval Neacription of Deposit
Feet Metres Glacial Materials
0- 5 0.0~ 1.5 Pebhle loanm, lt brown with orange
nodules, some lignite frags and
wmica.
Camels Butte Member
5-17 1.5- 5.2 Sand, fine grained with silt, tan with
orange specks and lignite frags,
micaceous.
17-22 5.2~ 6.7 Sand, fine grailned with silt, buff,
micaceous.
22-26 6.7~ 7.9 Clay, silty, dk brown, carb with
lignite frags.
2627 7.9~ 8,2 Lignite.
27-31 8.2~ 9.4 Clay, silty, 1t blue-grey, micacecus.
A 31-138 9.4-11.6 Clay, very silty, buff to tan with
3 orange streaks and some mica,
i 38-45 11.6~13.7 Clay, silty, 1t to wmed grey, some
4 wica.
¢ 45-48 13.7-14.6 Clay, some silt, grey, micaceous.
E 48-51 14.6~15.5 Clay, silty, grey with plant and
-4 lignite frags, some mica.
51~-52 15.5-15.8 Lignite.
52-70 15.8-21.3 Clay, silty, grey with dk grey
mottling, micaceous.
b 70-72 21,3-21.9 Sand, fine grained, grey, micaceous.
A 72-75 21,9-22.9 Sand, very fine grained, silty, 1t
4 _ brown, micaceous.
" 75-78 22.9-23.8 §ilt, clayey, lt to med brown,
A micaceocus.
q 78-82 23.8-25.5 Clay, becomes silty with depth,
¥ grey, micaceous.
B 82-85 25.5-25.9 Clay, silty, med to 1t grey, greasey

{kaolipitic), some mica.
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Auger Drill Hole: GV-29 Location: T146N, RSOW

By: Gordon Prichard Sec. 33, ABD

Date: 7-1% 77 Elevation: 2200 (671 metres)
Interval Description of Deposit

Feet Metres S8lope Wash

0~ 3 0.0- 0.9 Clay end silt, some very fine grained

sand, grey-brown, some nlca.

Bear Den Menmber

3~11 0.9~ 3.4 §1lt and clay, tan to orange, greasy,
kaollonitie with some mica.

11-23 3.4~ 7.0 Sand, very fine graimed with silt,
1t grey with orange and black specks.

23-26 7.0- 7.9 Sand, very fine grained with silg,
1t grey to tanp with orange and black
specks., ,

26-43% 7.9-13.1 Sand, very fine grained, silty, 1t
grey to tan with black specks.

43-56 13.1-17.1 Sand, very fine grained, silty, 1t

grey~brown, salt and pepper.

Sentinel Butte Forwmation

56-614 17.1-19.5 Sand, very f{ine grained, silty, 1t
' brown, salt and pepper.
B4-B7 19.5-20.4 Sand, very fine gralped, silty, olive

grey with black specks.




Measured Section: GV-29M
By: Gordon Prichard
Date: 8-3-88

Interval

Feet Metres
44.,5-47.0 13.6-14.3
38;5""&4:5 11;?“13&&
38.0-38.5 11.6-11.7
33.0-38.0 10.1~11.6
16.0-33.0 4.9-10.1
4.0-16.0 1.2- 4.9

0.0- 4.0 0.0- 1.2

52

Location: TLl46R, RS0OW
Sec. 33, ABD
Elevation of Base: 2200
(671 metres)

Description of Deposit

Camels Butte Member

Sandst, 10YR 6/6 brownish yellow,
poorly indurated, micaceous with lg
scale cross lapinations.

Clay, silty, 2.5Y 7/2 lt gray, mica-
ceous, laminated.

Lignite.

Bear Den Member

Clay, silty, 10YR 8/1 white with card
streaks and lignite frags, micaceous.
Clay, silty, banded 10YR 6/8 browm-
ish yvellow and 5YR 8/1 white with
black specks and some yellow staining,
laminated.

Clay, silty, 5YR 8/1 white with some
carb streaks, massive.

Clay, silty, 5YR 5/1 gray with some
carb streaks, wx S5YR 6/1 gray,
magsive,
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Auger Drill Hele: GV-30 Location: T1486N, ROOW
By: Gordon Prichard Sec. 34, AAD
Date: 7-19-77 Elevation: 2140 (652 metres)
Interval Description of Deposit
Feat Matres Slope Wash
0= 2 0.0- 0.8 Clay with sand and silt, dk brown.
2-17 0.6~ 5.2 Sand, fine grained, silty, browm,

some small pebbles,
Glacial Materials

17-24 5.2- 7.3 Pebble loam, olive with orange
nodules and lignite frags.

Sentinel Butte Formation

24~31 7.3- 9.4 51l1t, with very fine gralned sand,
1t blue-grey, micaceous.

31-40 9,4-12.2 811t and very fine grained send,
tan to orange with orange streaks
and black specks, micaceous,

40-52 12,2-15.8 Sand, very fine grained, silty, 1t
blue with black specks, micaceous.

52~53 15.8-16.2 Ldgnite.

53-65 16,2-~15.8 Sand, very fine grained, 1t blue

with black specks, micaceous.
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Auger Drill Hole: GV-31 Location: T1458, ROOW
By: Gordon Prichard Sec. 2, ADD
bDate; 7-19-77 Elevation: 2250 (686 metres)
Interval Degcrintion of Deposit
Feet Metres Slope Wash
o~ 2 0.0~ 0.8 $ilt and fine grained sand, brown,
4 micaceous.
5 2— B 0.6- 2.4 §1lt and clay, tan, calc streaks.
Camels Butte Member
8-10 2.4~ 3.0 silt, clayey, tan to crange, calc
streaks.
10-11 3.0~ 3.3 §1lt, clayev, orange, micaceous.
4 11-12 3.3~ 3.6 §ilt, dk brown, very carb with lig-
F nite frags.
- 12-20 3.6~ B.1 5ilt, some very fine grained sand,
} buff to tan with orange and reddish
i streaks, micaceocus.

20-27 6.1- 8.2 Clay, silty, tan to brown with
orange streaks.,

! 27-32 B,2- 9.8 Clay, grey, smooth with carb streaks.
; 32~33 9.8-10.1 Lignite.
33~-41 10.1-12.5 Sand, very fine grained, silty, blue-

grey, micaceocus.

N -

BE AT VoY

Aot e,
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Auger Drill Hole: GV-~32 < Location: T146N, ROON
By: Gordon Prichard Sec. 32, BBB
Date: 7-20-77 Elevation: 2243 (684 metres)

Interval Description of Deposit
Feet Metres Canmels Butte Member
0o~ 9 0.0~ 2.7 811c, some clay, tan with orange Fel
specks, micaceous.

-9~15 2.7~ 4.6 8ilt with very fine grained sand,
bhuff, micaceous,

1523 4,6- 7.0 Sand, fine to very fine grained,
gilty, buff with black specks,
micaceous.

23-25 7.0~ 7.6 Clay, silty, tan to orange, mlcaceous.

25-32 7.6- 9.7 Clay, silty, grey, some mlicaceous,

32-33 9.7-10.1 Lignite.

3342 10.1~12.8 S11t with very fine gralned sand,
grey, micaceous.

42-45 12.8-13.7 Clay, silty, grey, micaceous.

45-55 13.7-16.8 Sand, very fine to fine grained, 1t

. grey~brown, mlcaceous,

5557 16.8-17.1 Sand, very finpe grained, silty, grey-
breown, micaceous.

5760 17.1-18.3 Clay, silty, med o dk grey,
micaceocus, lignite frags.

60-68 18.3-20.7 Silt with clay, grey, micaceocus with
lignite frags.

Bear Den Member

68-70 20,7-21,3 Clay, silty, 1t blue-grey (dries
white), greasey, kaolinitie.

70~73 21.3-22.3 Clay, sllty, 1t grey to green—grey
{dries white), mottled, some mica.

73-80 22.3~24.4 Clay, silty, varlegated, mostly 1t
grey with some purple, green, &and
blue, dries white. Fracture sur-
Eaces have white nodules.

80~-84 24 ,4~25.6 $f1lt with clay, lt grey, micaceous.

8435 25.6-29.0 Sand, very fine grained, silty, 1t

blue—-grey, some mica,
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Auger Drill Hole: &V-33 Location: T145N, RASW
By: Gordon Prichard Sec., 5, CBA
bDate; 8~4~77 Elevation: 2180 (664 metres)
Interval Degcription of Depeosit
Feet Metres Bear Den Menher
0-10 0.0- 3.0 Clay, silty, 1t grey with dk carb
streaks, micaceous.
10+12 3.0~ 3.7 Clay, silty, 1t grey with carb
streaks, micaceous.
12-16 3.7~ 4.9 Clay, silty, grey with carb streaks,
uwicaceous.
16~18 4.9- 5.5 Clay, silty, very dk grey, carbon
with lignite frags.
18-20 3.5~ 6.1 Sand, very fine graimed, silty, 1t

grey~-brown, micacsous.

Sentinel Butte Formation

20-22 6.1- 8.7 Sand, fine grailned, brown, micaceous.

22-~26 &.7- 7.9 Sand, fine to med grained, brown with
lignite frags, micaceous.

26-27 7.9~ 8.2 Sand, med grained, pale yellow with
lignite frags, micaceuus. Lignite
frags are coated with jarosite.

27-30 B.,2- 9.1 Sand, med grained, brown with lignite
frags, micaceous.

30-32 9.1~ 9.8 Sand, med grainmed, dk brown, carb
with lignite frags and mlca.

32-40 9.8-12.2 Sand, fine grained, silty, 1t grey,

mlcaceocus.
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Measured Section: GV-313M Lacation: T145 N, R8RW
By: Gordon Prichard Sec. 5, CRA
Date: B-9-77 Elevation of base: 2180

(664 metres)

Interval Description of Deposit
Feet Metres Camels Butte Member
41.0-49.0 12.5~-14.9 Clay, some silt, 53Y 6/2 1t olive

gray with plant frags, mlcaceous.
A slltst is found at the top of
this unit.

37.0~41.0 11,3-12.5 Clay, silty, 2.5Y 7/4 pale yellow,
micacegus, laminated.

28.5-37.0 8,7-11.3 Clay, silty, 10Y¥R 7/8 yellow with
lignite frags, micaceous, laminated.
Thin siltst conc are found in this
unit.

Bear Den Member

27.5-28.5 8.4~ 8.7 Clay, silty, 10YR 7/1 1t gray with
lignite frags, micaceous.

24.5-27.5 7.5- 8.4 Clay, 10YR 5/1 gray (purple hue)
smooth, greasy.

21.5-24.5 6.6~ 7.5 Clay, 10YR 6/1 gray, smooth, greasey

- with white specks.

20.5-21.5 6.2~ 6.6 Clay, silty, 2.5Y 7/8 yellow with
dk mottling, micaceous, fractured.

19.0-20.5 5.8- 6.2 Clay, 7.5YR 4/0 dk grey, smooth,
greasey, laminated with lignite
frags.

10.5-19.0 3.2- 5.8 Clay, silty, 7.5YR 5/2 brown with
plant frags and lignite stringers
at base, shaley, micaceous,

0.0-10.5 .0- 3.2 Clay, silty, 10YR 7/1 1t grey with
orauge Fel specks and streaks,
micaceous, massive.




Auger Drill Hole: GV-36

By: ©Gordon Prichard
Date: 8-11~77
Interval
Feet Metres
0~ 3 0.0~ 1.5
5- 6 1.5~ 1.8
6-15 1.8~ 4.6
15-16 4.6- 4.9
16-18 4,9- 5.6
18-22 5.6~ 6.7
22-26 6.7~ 7.9
26-30 7.9- 9.1
30-36 9.1-11.0
36~45 11.0-13.7
4552 13.7-15.8
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Location: TI146¥, ROZW
Sec. 20, DAA
Elevation: 2340 (714 metres)

Description of Deposit

Slope Wash
Clay with silt and very fine grained
sand, buff with orange Fel specks,
micaceous.

Bear Den Member

Clay, silty, dk brown, carb with lig-

‘nite frags, micaceous.

Clay, silty, med to 1t gray with some
lignite frags, micaceous.

811f, clayey, 1t gray to white with
orange streaks, micaceous.

Clay, silty, gray with dk carb
streaks, micaceous.

Clay, very silty, dk gray tc brown,
lignite frags, micaceous.

Silt, clavey, 1t gray-brown with
yellow streaks, micaceous.

Sand, fine to very Fine grained, 1t
gray-brown, salt and pepper,
micaceous.

Sand, fine grained, buff with ligaite
frags, micaceous.

Band, fine grained, 1t brown with
lignite frags, micaceous,

Sand, med grained, grey-brown with
lignite frags, micaceous.




Measured Section: GV-36M
By: Gordon Prichard
Date: 8-11-77

Interval

Feet Maetras

29.5-35.0  9.0~-10.7

23.0-29.5 7.0~ 9.0

22.5-23.0 6.9~ 7.0

14.5“’"22:‘5 &';‘z““‘ ﬁsg

9.5-14.5 2.9- 4.4

405"’ 9.5 1i{4"’" 2*9

G.C 0.0~ 1.4

9%

Location: T148N, RS2W
‘ Sec. 20, DAA
Elevation of Base: 2340
{713 metres)

Description of Deposit

Camels Butte Member

Sand, very fine grained, silty, 5%
6/3 pale olive, very micaceous,
small scale cross laminations.

Bilt with clay, 5YR 7/3 pale vellow
with orange streaks, micaceous,
laminated.

Lignite.

Bear Den Member

Clay, very silty, 5YR 6/2 pinkish
gray with orange Fel specks, some
lignite frags, micaceous.

Clay, silty, 5YR 7/1 1t gray with
orange banding and orange siltst,
micaceous, fractured

Clay, silty, 5YR 5/1 gray, micaceous,
nagsive,

Clay, silty, 5YR 7/1 1t gray with
carb streaks, micaceocus, massive,




100

Location: T146N, R91W
Sec, 30, CCC
Elevation: 2240 {683 metres)

Description of Deposit

Drill Hole: Gl69-36
Dare: B-3-75
Interval
Feet Metresn
0-30 0.0~ 5,1
30-33 9.1-106.1
3340 10.0-12.2
40~75 12.2-22.8
75-77 22.8-23.4
77-83 23.4-25.2
83-84 25.2-25.5
84-86 25.5-26.1
86-89 26,1-27,1
89-91 27.1-27.7
91-92 27.7-28,0
92-103 28.0-31.3
103-106 31.3-32.2
106~-110 32.2-33.4
110~117 33.4-35.6
117-118 35.6-35.9
118-126 35.9-38.3
126-129 358.3-39.2
129-133 39.2-41.8
135-137 41.0~-41.6
137~139 41.6-42.3
139-144 42.3-43%.8
144~148 43.8-45.0
148-149 45,0-45.3
149-151 45,3-45.9
151-165 45,9~50.2
165-173 50.2-52.%
173175 52.6-53.2
175-177 53.2-53.8
177-185 53.8~56.2
185-188 56,2~57.2
188-192 57.2-58.4
192-195 58.4-59.3
195-19% 59.3-60.5

Glacial Materials

Pebble loam, yvellow brown.
Gvl.

Sentinel Butte Formation

Sand, very fine grained, silty.
Sand, fine grained, vellow-browm.
Sandst.

Sand, fine grained, blulsgh gray.
Clay, med gray.

Lignite.

81ilt, clavey.

Lignite.

Shale, carb.

Clay, sllty, med gray.

silc.

Sand, very fine grained, silty.
Lignite.

Clay, silty, med gray.

Clay, med gray,

Lignitre,

Clay, silty, gray.

Clay, carb.

Lignite.

Clay, eilty, med gray.

Lignite.

Clay.

Clay, carb.

Sand, very fine grained, silty.
Clay, silty, greenish gray.
Lignite,

Clay, brown-gray.

$ilt, greenish gray.

Clay, silty, med ro 1t gray.
Clay, brown-gray, carb.

Clay, brown-gray.

8ile, gandy.




Drill Hole: Gl6%-37
Date: 8-7-75
Interval
Feet Metrens
0-12 0.0~ 3.6
12-28 3.6~ 8.5
28-97 8.5-28.5
9799 29.5-30.1
99~102 30.1-31.0
i02-113 31.0-34.4
113-114 34.4-34,7
114~140 34.7-42.6
140-149 42.6-45.3
149-157 45,3~47.7
i57~162 47.7-49.2
162-17¢ 49.2-53.5
176-181 53.5-55.0
181-~188 55,0~57.2
188-190 57.2-57.8
190194 57.8-59.0
194~158 59.0-60.2
198-202 60.2-61.4
202-2035 61.4-62.3
205-208 62.3-03.2
208-210 63.2-63.8
210-227 63.8-69.0
227-230 £9.0-6%.9
230-242 68.9-73.6
242-250 73.6~76.0
250-253 76.0-746.9
253-259 76.9~78.7
259-263 78.7-80.0
263-268 BR.0-B1.5
268-2713 B1.5-83.0
273-275 B3.0-B3.6
275-276 83.6-83.%
276-284 83.9-86.3
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Location: TI146N, R92W
Sec. 20, ACA
Elevation: 2320 (707 metres)

Dageription of Deposit

Camels Butte Member
Clay, silty, 1t brown-gray.

Bear Den Member

Sand, very fine grained, 1t brown-

gray to lt gray.

Sentinel Butte Formation

Sand, very fine grained, yellow-brown.

Lignite.

Sandst.

Sand, fine to med grained,
Lignite.

Clay, silty, med gray.

Lignite,

Clay, silty, 1t brown-gray.
81lt, sandy, 1t brown—gray.
Clay, silty, 1t brown-gray.
Lignite.

S8and, very fine grained, silty.
Lignite.

Clay, gilty, brown-gray.

8and, very fine grained, silty.
Sandst.

Sand, very fine grained.
Lignite.

Clay, silty, brown-gray.

Silt.

Clay, silty.

Sand, very fine grained, silty.
Silt, clavey, green—gray.
Sandst,

811t, clayey.

Clay, green-gray.

8ilt, clayey.

8ilt, gray.

Lignite.

Clay.

Sand, very fine grained, silty.




Drill Hole:

G-169-47

Date: B-15-75

Interval
Feet Metres

0 2 0.0~ 0.6
2~ 3 0.6~ 0.9
3~ 5 0.5~ 1.5
5= 7 1.5~ 2.1
7-40 2.1-12.2
40-47 12.2~14.3
4753 14.3-16.1
53-~54& 16.1-16.4
5456 16.4-17.0
5657 17.0~17.3
37-62 17.3~18.8
6264 18.8~19.5
6466 19.5-20.1
6668 20.1-20.7
68-70 20.7-21.3
70-74 21.3~22.5
74-78 22.5-23.7
78--80 23,7-24.3
80-85 24,3-25.8
85-91 25.8-27.7
8196 27.7-29.2
896-100 29.2-30.4
106-102 30.4-31.0
102-104 31.0-31.6"
104~107 31.6-32.5
167108 32.5-32.8
108-111 32.8-33.7
111-122 33.7-37.1
122-126 37.1~38.3
126-132 38.3-40.1
132-137 40,1-41.8
137-139 41.6-42.3
139144 42.3-43.8
144152 43, B~46.2
152~157 46.2-47.7
157-163 47.7-49.6
163-181 49.6-55.0
181-202 55.0-61.4
202-212 81.4~64.4
212-215 64.4-65.4
215-217 65.4~66.0
217-220 66.0-66.9
220-22%9 66.9-69.9
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Location: T145N, ROOW
Sec. 24, AAA

Elevation: 2100 {640 metres)

Description of Depsoit

Sentinel Butte Formation

Sand, brownisgh gray.
Lignite,

Sand, brownish gray.
Sandst.

Sand, brown, oxidized.
Sapdst, blue-gray.

Sand, brown.

Lignite.

Sand, brown.

Lignite.

Sand, brown.

Lignite.

Clay, green—gray.

Silt, green-gray.

Clay, green-gray.

8ilt, sandy, green-gray.
Clay, =ilty, green—gtay.
Lignite,

Clay, silty, green-gray.
8ilt, sandy, green-gray.
8ilt, clavey, green—-gray.
§ilt, sandy, gray-green.
Clay, eilty, green-gray.
Clay.

Sandst.

Clay, gray.

Clay, silty, gray.

Band, gray.

Lignite.

Clay, silty, green-gray.
Lignite.

Clay, green~-gray.

Clay, silty, green—gray.
Lignite.

Clay, green—gray.

Clay, silty, green-gray.
5ilt, gray.

Sand, very fine grained, silty,
conc at 200°.

Sand, fine graiuned, blue-gray.
Lignite.

Clay.

Lignite.

Clay, silty, green-gray.

gray,
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Drill Hole: G169-48 Location: T146N, RASW
Date: B8-21-75 Sec. 30, €CD
Elevation: 2240 (681 metres)

Interval Description of Deposit
Feet Metres Glaclal Materials
0-30 0.0~ 9.1 Pebble loam, sandy, brown to drk gray.

Camels Butte Mewber

3040 9,1~12.2 Clay, sandy, brown.
40-45 12.2~13.7 Clay, gray, lignite frags.
45-46 13.7-14.0 Clay, silty, gray.
46-48 14.0-14.6 Lignite.
4B~50 14.6-15.2 Clay, silrcy, gray.
50~60 15.2~18,2 Clay, gray to black.
Bear Den Member
60-65 18,2-19.8 Clay, silty, green-gray.
65-70 19.8~-21.3 Clay, silty, green-gray to white.
70-75 21.3~22.8 Clay, white,.
75-80 22.8-24.3 Clay, white to gray, lignite frags.
Sentinel Butte Formation
B0-85 24,3-25.8 Clay~gray.
85-90 25,8-27.4 Clay, silty with sand, gray.
90-95 27.4-28.9 Clay, sandy, gray.
95-105 28,9-31.9 Clay, some sandst, frilable, grey.




Drili Hole: 306-124
Date: B8-12-76
Interval
Feet Metres
0-10 0.0- 3.0
10-14 3.0- 4.3
14-18 4.3~ 5.5
18~20 3.5- 6.1
2021 1- 6.4
21-27 6.4~ 8.2
27-30 g.2- 9.1
30-42 9,1-12.8
42-44 12.8-13.4
44~47 13.4-14.3
47-49 14.3~14.9
4950 14,5-15.2
50-74 15,2-22.5
74~76 22.5-23.1
76-93 23.1-28.3
9398 28.3-29.8
98-100 29.8-30.4
100-102 30.6-31.0
102-109 31.6-33.1
109-111 33.1-33.7
111-115 33.7-35.0
115~116 35.0-35.3
116-128 35.3-38.9
128-132 38.9-40.1
132-135 40.1-41.0
135-138 41.0-42.0
138-140 42, 0-42.6
140152 42.6-46.2
152-154 46.2-46.8
154162 46 .8-49.2
162«172 49,.2-52.3
172~175 52.3-53.2
175-176 53.2-53.5
176-185 53.5-56.2
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Location: T145N, ROOW
Sec, 4, AAA
Elevation: 2120 {6456 metres)

Degcription of Daposit

Slope Wash
8ilt, sandy, tan.
Bear Den Member
Sand, very fine grained,

gray with orange streaks.
Clay, silty, lt gray.

silty, 1t

Sentinel Butte Formation

Sand, very fine grained,
gray.

Lignite.

S8and, very fine grained,
gray.

Clay, dk gray.

Clay, silty, dk gray.
Sandst, gray.

Sand, very fine grained,
&ilt, clayey, gray.
Lignite.

Band, very fine grained,
Sandst, gray.

Sand, very fine grainead,
Clay, silty, gray.

81lt, gray.

Clay, sllty, gray.

Sand, very fine grained,
Clay, gray.

Lignite.

Clay, gray.

Sand, very fine graimed,
Clay, silty, gray.

Sand, very fine grained,
Limest, gray.

Clay, gray.

Sand, very fine grained,
Lignite,

8ile, clayey, gray.
Sand, very fine grained,
Lignite.

Clay, gray.

8ilt, gray.

silty, dk

silty, dk

gray.

gray.

gray.

silty, gray.

silty, gray.

silty, gray.

silty, gray.

gllty, gtay.
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Drill Hole: 306-1.24, cont.

185187 56,2~56.8 Clay, gray.
187-191 56.8-58.1 Lignite,
191-192 58.1-58.4 Clay, gray.
192-1497 58.4-59.9 Lignite.
197202 59.9-61.4 Clay, silty, gray.
202-204 61.4-62.0 Lignite,
204~207 62.0-62,9 Clay, gray.
207-213 62.9-64.8 Sand, very fine grained, silty, gray.
213-224 64.8-68.1 Clay, silty, gray~green.
224~233 $8,1-70.8 Sand, very fine grained, silty, gray.
233~240 70.8~-73.0 Silt, gray.
2460-243 73.0-72.9 Clay, silty, gray.
243-246 73.9-74.8 Lignite.
7.5

246-255 74.8-77,

Clay, silty, gray.




Drill Hele:

306-L25

Date: 8-11-76

Interval

Feet Metres
0-1& 0.0- 4.9
16~19 4.9- 5.8
19-24 5.8~ 7.3
24~28 7.3~ 8,5
28~32 B.5~ 9.7
3235 9.7-10.8
35~38 10.6~11.6
38-52 11,6-15.8
5258 15.8-17.0
56-61 17.0~18.5
61~63 18.5~19.2
63~77 19,2-23.5
7779 23.4-24.0
79-88 24.0-26.8
B8-91 26.8-27.7
g1-98 27.7-29.8
98-100 29.8-30.4
100-101 30.4-30.7
101-103 30.7-31.3
103-109 31.3-33.1
109-118 33.1-35.9
118~124 35.9-37.7
124-142 37.7-43.2
Laz-146 43,2-44.4
146-151 44 4-45.9
15%1-155 45.9-47.1
155~159 47.1-48.3
159~172 48.3~52.3
172~176 52.3~53.5
176-19% 53.5~59.6
196-200 59,6-60.8
200~203 60.8B-41.7
203-208 61.7-62.6
206-212 &2.6—-64.4
212221 64, 4-867.2
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Location: TLl46N, RI1W
Sec. 22, DDD
Elevation: 2180 (666 metres)

Degeription of Deposit

Sentinel Butte Formation

Silt, tan with traces of orange,
topsoil.

Sandst.,

Sand, very fine grained, silty, tan
with orange streaks.

Lignite.

Clay, silty, gray-tan.

Sand, very fine grained, gray-tan
with carb streaks,

Sandst, 1t gray.

Sand, very fine grained, gray-tan,
traces of orange.

Sandst, lt gray.

Sand, very fine grained, tan with
traces of crange.

Lignite, (Poor sam le return below
61", lost circulation.)

Sand.

Sand, carb.

Sand.

Clay, silty, carb.

Sand, very fine grained.

Clay.

Lignite.

Band .

5ile, ezlavey.

Sand, very fine grained, silty,
Clay, silty.

Sand, verv fine grained, silty.
Clay, silty. :

Lignite.

Clay.

Lignite.

8ile, clavey.

Clay.

Band, very fine grained. &
Sand, very fine grained, silty,
841t, clayey.

Clay, carb.

Sand, very fine grained.

Sand, silty.




Drill Hole: 306-L25, cont.

221-226 67,2-68.7
226-230 68.7~69.5
230234 69.9-71.1
235-238 71,1-72.4
238~240 72.4-73.0
260~242 73.0-73.6
242-244 73.6~74.2
244~245 74.2-74.5
245~243 74.5-75.7
249-251 75.7-76.3
251-264 76.3-80.3
264267 80.3-81.2
267-275 81.2-83.46
275~277 83.6-84.2
277283 84,2-86.6
285-290 86.6-8B.2
290~294 88,2-89.4
294299 89.4-90.9
299-302 90.9~91.8
302-304 91.8-92.4
304-307 92.4-93.3
307-310 §93.3~94,2
310-316 94.2-96.1
316-320 96.1-97.3
320-321 897.3-97.6
jz1-322 87.6-97.9
322-324 97.9~98.5
324-330 98.5~100.3
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54lt, clave.

Sandst.

8iilt.

Sand, very fine grained, silty.
Lignite.

Clay, carb.

Sand, very fine grained, silty.
Sandst.

Sand, very fine grained, silty.
Bilt, clayey.

Siie.

Lignite.

§ilt.

Clay, carb.

Silt, clayey.

Sand, very fine grained.

Silt, clavey.

Lignite,

Clay.

Lignire.

Clay, silty.

Lignite,

Clay, silty.

Sand, very fine grained, silty.
Lignite.

Clay.

Lignite,

Clay, silty.




Drill Bole: 306-L29
Date: 9-8-76
Interval
Feet Metres
0-20 0.0- 6.1
20-65 6.1~19.8
6568 19.8-20.7
68-100 20.7-30.4
100-132 30.4-40.1
132-140 40.1~42.6
140~146 42.6-44 .4
146148 44 .4-45,.0
148-152 45.0-46.2 -
152-154 46.2-46 .8
154~164 46.8-49.9
164-167 49,9-50.8
167177 50.8-53.8
177-181 53.8-55.0
181-191 55.0-58.1
191-194 58.1-59.0
194-206 59,0~82.6
206-210 62.6-63,8
210221 63.8-67.2
221-2386 67.2-71.7
436-239 71.7-72.7
239-246 72.7-74.8
246-250 74.8-76.0
250-262 76.0-79.6
262-268 79.6-81.5
268-270 g81.5-82.1
27G~280 82.1-85.1
280-290 85,1-88,2
290-292 88.2-88.8
292296 88.8-90.0
296-302. 90.0-91.8
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Location: TI145N, R88W
Sec, 8, DOD
Elevation: 2205 (670 metres)

Description of Deposit

Glacial Matrerials

Pebble loam, tan.
Pebble loam, gray.

-Sentinel Butte Formation

811t, clayey, tan to orange.

Band, very fine grained, tan to
orange with ironest conc.

Sand, very fine grained, blue-green
with black specks.

Sandat, very fine grained, blue-
green, calce cement.

Sand.

Clay, siity, green.

Sand.

Clay, silty, Breen.

8and, very fine grained, blue-green.
Lignite.

8iit, clayey, gray.

Clay, carb,

8ilt, clavey, gray.

Lignite.

Silt, clayey, gray.

Ssndst, gray, calc cement,

Sand, very fine grained, silty, gray.
Clay, silty, gray.

Lignite.

Clay, silty, gray.

Clay, carb, silty.

Lignite.

Sand, very fine gralned, silty, 1t
green-gray.

Clay, silty, carb.

841t, sandy, gray.

Lignite.

Clay, dk gray.

Clay, silty, dk gray.

8ilt, clayey, green.




prill Hole: REAP-6
Date: 9-8-76
Interval
Feet Metres
0~ 2 0.0~ 0.6
2-33 0.6~10.0
33-37 10.0-11.2
37-41 1l.2-12.5
L1-42 12.5-12.8
L2-46 12.8-14.0
46-52 14.0~15.8
52~ 54 15.8-16.4
S4~56 16.4-17.0
56-57 17.0-17.3
5760 17.3~18.2
60~-b64 18.2-19.5
64"‘&6 19.5-2001
&6-67 20.1-20.4
67-70 20,4-21.3
70-74 21.3-22.5
74~380 22.5-24.3
80-82 24,3-24.9
8286 24,9-26.1
86-97 26.1-29.5
97-108 29,5-32.8
10B8~114 32.8-34.7
114~-119 34.7-36.2
119-123 36.2-37.4
126-129 38.3-39.2
125-161 39.2-48.9
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Location: T146N, RSBOW
Sec. 36, DDD
Elevation: 2270 (6490 nmetres)

Description of Deposit

Topsoil
8ilt, dk gray~brown, organic.
Glacial Materilals

Pebble loam, yellow-brown, oxidized,
cale streaks from 2~3 feet.

Camels Butte Member

Clay, bright yellowish gray, oxidized.
Clay, silty, 1t gray with lignite
frags.

Siltst.

Clay, siity, 1t gray.

Sand, very fine grained, silty.
Clay, silty.

Lignite. -

Clay, silty, green—-gray.

8ilt with very fine grained sand,
1t gray.

Clay, silty, 1t gray.

Lignite.

Clay, lt gray, smooth.

Sand, very fine grained, 1t gray,
nicaceous.

Silt, clayey, med gray, micaceous.
Clay, silty, med gray.

gilt, clayey, 1t gray, micaceous,.
Ciay, green~gray, smooth.

511t, clayey, 1t gray, micaceous.
Clay, silty, gray te dk gray,
micaceous.

Sand, fine to med grained.

Sand, fine grained, carth.

Clay, med to dk gray.

Sand, fine grained, carb.

Bear Den Member

Clay, whitish gray, smooth,
Sand, very fine grained, 1t whircish
gray.




REAP-6, cont.

Drill Hole:

161-164 48.9-49.9

164~183 £9.9-55.6

183~195 55.6-59.3

195-199 59,3-60.5

195-210 63,5-63.8

210-212 63.8-64.4

212~235 64,471 .4

235242 71.4-73.6

262249 73.6-75.7

249-251 75.7-76.3

251~254 76.3-77.2

254~256 77.2-77.8

256-259 77.8-78.7

259262 78.,7-75.6

262-264 79.6-80.3

264-270 80.3-82.1

270-273 82.1-83.0

273-278 83.0~B4.5

278292 84.5-88.8

292-2497 88.8-90.3

297-305 90.3-92,7

305-30% 82.7-93.9

308-310 93.9-94,2

310314 94.2-95.5

314-322 895.5~-97.9

322-326 97.9-99,1

326-330 99.1-100.3
330334 100.23-101.5
334-344 101.5~104,6
344345 104.6-104.9
345-350 104.9-106.4
350-354 106.4-107 .6
A54-357 107.6-108.5
i57-366 108.5-111.3
366~380 111.3-115.5
380-385 115.5-117.0
385-386 117.0~117.3
386--387 117.3-117.6
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Sentinel Butte Formation

Sand, silty, carb, lignitic.

Sand, fine grained, green-gray with
black specks,

Sand, very fine to fine grained, 1t
gray with black, some dk brown carhb
streaks.

Sandst. .

Sand, very fine to fine graimed, 1t
Eray.

Lignite.

Sand, silty, carb.

Sandst, calc cement,

Sand, fine grained, 1t gray.

Sand, very fine grained, carh.
Sand, very fine grained, silty, 1t
gray.

Clay, dk gray, cath.

Lignite.

{lay, gilty, gray.

Clay, carb.

8i1lt, clayey, gray.

Lignite,

Clay, sllty, gray.

Sand, very fine grained, silty.
8ilt, clavey, gray.

Clay, silty, gray.

§11t, sandy, dk gray.

Lignite.

Clay, silty, dk gray to green.
5ilt, clayey, dk gray.

Lignite,

811it, clayey, gray.

Clay, slliy, gray.

Lignite,

Clay.

Sand, very fine grained, silty,
reddish brown, carb.

Sand, very fine grained, silty, dk
8iit, clayey, dk cray.

Sand, very fine grained, silty, dk
Clay, blue-gray, smooth.

Lignite.

Clay, green.

Clay, carb.

]

gray.

gray,




APPENDIX B

X-RAY DIFFRACTOGRAMS
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X-RAY DIFFRACTOGRAMS

Presented in this appendix are reductions of X-ray diffracto-
grams of samples analyzed for this study. Sample preparation and X-ray
procedures are presented in the text under the heading "X-ray Analysis."
Descriptions and leocations of samples X-raved are found in appendix A.
Sample intervals are in metres. A letter M preceding the sample inter~
val indicates that the sample is from a measured section.

The maj&r peaks found in these X-~ray charts are as follows:

1?2, montmorillonite; lﬁ.ﬁg, chlorite; 103. illite and mica; ?.23,

O o Q
kaolinite; 7.18, chlorite; SA, mica; 3.94, mica; 3.57A, kaolinite;

O e
3¢32, quartz; and 3.23, feldspars (1A =1 X 10 104y,
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X-ray Diffractograms from Auger Drill hele GV-9
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GV-9, cont.
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X~ray Diffractograms from Measured Section GV-11M
and Auger Drill Hole GV«1l
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Gv-11l > cont.
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X~ray Diffractograms from Measured Section GV-12M
and Auger Drill Hole GV-12
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GV¥~12, cont.
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X-ray Diffractograms from Auger Drill Hole GV-21
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Gv-21, cont.
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GvV-21, cont.
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X~ray Diffractograms from Measured Section GV-22M
and Auger Drill Hole GV-22
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GV-22, cont.
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GV-22, cont.
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X-ray Diffractograms from Auger Drill Hole GV-27
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GV-27, cont.
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GV~27, cont. .
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X-ray Diffractograms from Meagured Section GV-33M
and Auger Drill Hole GV-33
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Gy-33, cont.,
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GV-33, cont,
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X-ray Diffractograms from Measured Section GV-36M
and Auger Drill Hole GV-36
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GV¥-36, cont.
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GV-36, cont.
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X~ray Diffractograms from Drill Hole Gl69~36
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X~ray Diffractograms from Drill Eocle G169-37
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G169-37, cont.
12.2-15.2m

s
30 20 10 28




139 -

X-ray Diffractograms from Drill Hole 306-1.24
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X-ray Diffractograms from Drill Hole 306-L25
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X~ray Diffractograms from Drill Eole REAP-6

36-4""33 .t’ﬂ?ﬂ.

33.4~36.5m

U A~

9 NS N T

39.5-42.6m

Sk

[
3]
<o
pom
Lo

i

fund
*

L8

Ll

i

£

¥

bt |

-

L]

o

M

O W




142

REAP-6

42.6-45.6m

45,647 . 1m

fve
o
[y ]
o
ot
[
e Ml

e S Y




APPENDIX €

PERCENTAGES OF CLAY MINFERALS IN X-RAYED

GOLDEN VALLEY FORMATION SAMPLES




144

PERCENTAGES OF CLAY MINERALS IN X-RAYED
GOLDEN VALLEY FORMATION SAMPLES
This appendix lists the percentages of clay minerals and the
avrea under the major clay and feldapar peaks in the Golden Valley
Formation samples, as derived from the X-ray charts presented in
appendix B. The procedure for determining the percentages &nd areas

¥

is described in the text under the heading "X-ray Analysis.” Descrip-
tions and locations of the samples ave found in appendix A. The let~
ter M preceding the sample iInterval indicates that the sample 1z from
a measured section,

The following abbreviations were uged for the\anits: BIM,

Bear Den Member; CBM, Camels Butte Member; SBF, Sentinel Butte Forma-

ticn; SW, slope waéh, Abbreviations for the minerals are: K, kaolin-

ite; Mo, montmorillonite; I, 1l1lite; &, chlorite; F, feldgpar,




TABLE &

SAMPLE NUMBER: GV-8
Percentages of Clay Minerals Area Under Clay and Feldspar Peaks
Interval 104 m?

Unit {feet-metres) K Mo I C ¥ b M I C
0- 5 0.0- 1.3 76 & 18 0 1.310  3.632 0,303 0.406 0.000
5-10 1.5- 3.0 74 6 20 0 0,910 4,942 0,406 0.606 0,000
10-15 3.0~ 4.6 6% 11 20 0 0.606 8.471 1.413 1.110 0.000
15-20 4,6- 6.1 72 11 17 0 4,807  5.749 0.910 0.606 0.000
BDH 20-25 6.1- 7.6 73 11 16 0 1.007 10.284 1,613 1.007 0.000
25-30 7.6~ 9.1 7713 10 0 0.503 9.575 1.613 0.606 ¢0.000
30-35 9.1-10.6 78 10 12 0 0.606 14.117 1,916 i.GOé 0.000
35-40 10.56-12.2 68 18 14 it 0.910 10.788 3,026 1.007 0,000
40~45 12,2-13.,7 59 31 10 0 2.019 9,072 +4.942 0.703 0.000
45-50 13.7-15.2 35 35 10 ¢ 2.523 7.762 5.039 0.806 0.000

v



TABLE 7

SAMPLE NUMBER: GV-11 AND GV-11M

Percentages of Clay Minerals Area Under Clay and Feldspar FPeaks

Interval 10~ m2
Unig (feet-metres) K Mo I C F D M I C
26"'22 ?ag’“ﬁn7 39 BG 3,}. 0 0-103 }4916 lnﬁl{} en703 G»QC‘G
BOM M, 22-16 M, 6.7-4.9 73 g 1B 0 0.303 4,639 0.606 0.503 0,000
M, 16~5.,5 M, 4.5-1.7 71 18 11 0 0.303  5.74% 1.510 0.406 0.000
ot
i
My 3.5-0 M, 1.7-0.0 83 0 13 4] 0.406 4,839 0,000 0.406 0,000 o
0"’"& 0-0’“1:5 59 }-g 19 3 Qaﬁﬂ? 2;?53 {}.910 0#%{}6 0-000
5-10 1.5-3.0 42 49 9 0 0.910 1.916 2,316 0.200 0,000
SBF 10-13 3.0-4.6 37 31 12 0 0,503 1,916 2,723 0.303 0,000

15-20 4.6-6.1 31 51 18 0 1.213 1,110 1.916 0.303 0.000




TABLE B

SAMPLE NUMBER: GV-12 AND GV-12M

Percentages of Clay Minerals Area Under Clay and Feldspar

Interval 10-4 2 Fesks
Unit {feet-metres) K Mo 1 C F D M 1 C
M, 22.5-6,5 M, &.8- 2.0 68 15 17 0 0.103 7.762 1,716 0.910 0.000
M, 6.5-0.0 M, 2.0~ 0.0 63 33 4 0 0,303 7.362 3.92% 0.200 0.000
0- 5 0.0~ 1.5 71 g 20 0 0.406 5.5 2 0.703 0,703 0.000
5- 8 1.5~ 2.4 75 15 10 0 0.200 4.839 1,007 0.303 0.000
BoM §-10 2.4- 3.0 70 20 10 0 0.103 5,949 1,716 0.406 0.000
10-15 3.0~ 4.6 78 13 8 0 0,103  7.562 1,310 0.406 0,000
15-20 4.6- 6.1 74 8 18 o 0.303 9,278 1.007 1.007 0.000
20-25 6.1- 7.6 72 § 19 0 0.703 6.652 0,807 0.807 0,000
25-30 7.6- 6.1 56 35 15 0 1.007 6.052 4.439 0.807 0.000
30-35 9,1-10.6 41 49 10 0 1.413 4,536 5.542 0.503 0,000
SBF 35-40 10.6~12.2 39 48 13 0 1.213  4.136 5.245 0.606 0.000
40-45 12.2-13.7 29 56 15 0 1.413 2.523 5.142 0.606 0.000
45-50 13.7-15.2 19 57 20 4 2.420 1,523 4.639 0.703 0.703

iyl



SAMPLE NUMBER:

TABLE 9

Percentages of Clay Minerals

Area Under Clay and Feldspar Peaks

Interval 104 p?

Unit {feet-metres) K Mo I 7 T M 1 c
0~ 5 0.0~ 1.5 73 6 21 0.303 3.729% 0.303 0.503 0.000
5-10 1.5- 3.0 727 21 0,503 3.832 0.406 0,503 0.000
10-15 3.0- 4.8 78 10 12 0.703  4.439 0.606 0.303 0.000
- 15-20 b6~ 6.1 7% 14 12 0.807 4,136 0.807 0.303 0.000
20-25 6.1- 7.6 60 18 22 1.813  4.233 1.310 0.703 0.000
25-30 7.6- 9.1 46 25 29 1.716 2.826 1.613 0.807 0.000
30-35 9.1-10.6 40 43 17 2.116  2.116 2.316 0.406 0.000
SBF 35-40 10.6-12.2 20 56 21 1.310  1.058 3.026 0,503 0.394
40-45  12.2-13.7 10 70 18 2,116  0.987 7,058 0.807 0.426
45-50  13.7-15.2 7 72 16 2,620  0.561 6.149 0,606 0,987

8%1



TABLE

SAMPLE NUMBER:

10

GV-22 AND GV-22M

Percentages of Clay Minerals Area Under Clay and Feldspar Peaks
Interval 10~4 n?

Unit {feet-metres) 4 Mo I c 7 3] M I ¢

M, 18-12 M, 5,8 3.8 & 61 27 7 1.4607  0.355 4.536 0.81C 1.342
CBM

M, 12-11 M, 3.6- 3.3 68 22 10 0 0,103 7.45% 2,523 0.303 0.000
M, 11- 0 M, 3.3- 0.0 70 14 16 O 0,200 2,823 0.606 0.303 0,000
0- 5 0.0- 1.5 64 15 21 0 0,303 5,245 1.310 0.807 0,000
5-~10 1.5- 3.0 53 25 22 G 0.303 4,136 2.019 @.807 G.000
BDM 10-15 3.0~ 4.6 42 37 21 0 1.667 2,219 2,019 G.503 G,000
15-20 4.6~ 6.1 46 40 14 O 1.110 1.813 1.613 @Q.252 (Q.000
20-25 6.1~ 7.6 50 33 17 0 1.613 1.31¢ 0.910 0C.200 0,000
25-30 7.6- 9,1 32 28 1% 0 2.21% L.Bl3 1.007 4.303 0.000
SBF 30-35 %.1-10,6 25 &4 26 5 1.613 0.828 1.310 0.406 0.497

6%1



TABLE 11

SAMPLE NUMBER: GV-27
Percentages of Clay Minerals Area Under Clay snd Feldspar Peaks
Interval 1074 o

Unit {feat-nmatres) K Mo I C F D M I C
33-40 10.6-12.2 50 32 18 0 0.703 3.123 2.01% 0.503 0.000
40-45 12.2-13.7 68 12 20 0 0.200 4.439 0.807 0.606 0.000
45-50 13.7-15.2 62 20 18 0 0.406 5,142 1.716 0.703 0.000
50-55 15.2-16.7 66 14 20 0 0.406 4.536 1.007 0.606 0.000
55-60 16,7-18.2 68 20 12 0 0.406 5.039 1.510 0.406 0,000
- 60-65 18.2-19.8 63 22 is 0.406 4.736 1.716 0.303 0.000
65-70 19.8-21.3 66 16 18 0 0.303 5.646 1.413 0.703 0.000
70~75 21.3-22.6 59 15 26 0 0.303  4.536 1.213 0.910 0.000
75-80 22.8~24.3 60 23 17 0 0.606 3.123 1,213 0,406 0.000
86-85 24,3-25.8 58 25 17 ¢ 0.606 4.336 1.916 0.606 0.000

0T



TABLE 12

SAMPLE NUMBER: GV-33 AND GV-33M .

: Fercentages of Clay Minerals Area Under Clay and Feldspar Peaks
Interval 1074 m?
Unit . (feet-merres) K Mo I C F K ot I C
M, 28,5-27.5 M, 8.7- 8.4 70 ¢ 21 0 0.303  5.342 0.703 0.703 0.000
M, 27.5-24.5 M, B.4~ 7.4 68 27 3 0 0.000 9.072 3.632 0.303 0.000
M, 24,5-21.5 M, 7.4~ £.3 75 20 3 0 0.000 9.375 2.620 0.303 0.000
M, 21.3-20.5 M, 6.5~ 6.2 70 28 2 0 0.000 9.072 3.72% 0.103 0.000
M, 20.5-19.0 M, 6.2~ 5.8 84 13 3 0 0.000 5.749 0.910 0.103 0.000
BOM M, 19.0-10.5 M, 5.8~ 3.2 77 12 11 0 0.200 4.536 0.703 0.303 0.000
M, 10.5~ 0.0 M, 3.2- 0.0 83 g B8 0 0.103 6.652 0,703 0.303 0,000
0~ 5 0- 1.5 74 10 16 0 1.303  5.142 0,703 0.503 0.000
5-10 1.5- 3.0 W13 17 0 0.406 3.632 0.703 0.406 0.000
10-15 3.0~ 4.6 58 25 16 0 0.807 3.426 1,510 0.406 0.000
15-20 4.6~ 6.1 52 28 20 0 0.703 3.426 1.916 0.606 0.000
20-25 6.1- 7.6 28 58 14 0 0.910 1.813 13.832 0.406 0.000
SBF 25-30 7.6~ 9.1 22 62 16 0 1.413 1,213 3.426 0,406 0.000
5 3.426 1,381 4,555 0.503 1,368

30-35 9.1-10.8 15 68 12

16T



TABLE 13

SAMPLE NUMBER:

GV-36 AND GV-36M

Percentages of Clay Minerals

Area Under Clay andzfeldagar Peaks

interval 1074 m

Unit {feet-metres) ¥ Ho I C F K M I C
CBY M, 29.5-22,5 M, 9.0~ 6.8 7 47 35 11 2.620 0.516 3.426 1,110 2.007
M, 22.5-14.5 M, 6.8- 4.4 82 3 15 0 0,303 5,949 0.200 0,503 0,000
M, 14.5- 9.5 M, 4.4~ 2.9 80 11 8 0 0.200 7.762 1.110 0.406 0,000
M, 9.5~ 4,5 M, 2.9 1.4 69 25 6 0 0.000 7.562 2.826 0.303 0.000
M, 4.5~ 0.0 M, L.4- 0.0 74 16 10 0 0.103 6.652 1.510 0.406 0.000
0~ 5 0.0~ 1.5 a0 36 24 10 1,110 1.129 1,413 0,406 0.855
BDM 5=10 1.5~ 3.0 71 18 16 0 0.303  4.736 1.310 0.363 0.000
10-15 3.0- 4.6 69 18 i3 0 0.103 7.25% 1.516 0.606 0.000
15-20 4.6- 6.1 68 14 18 ] 0.200 4,233 0.910 0.503 0.000
20-25 6.1- 7.6 66 17 17 0 0.303 2.620 0.703 0,303 0.000
2530 7.6~ 5.1 51 37 12 ] 0.406 2,723 2,019 0.303 0.000
30-35 9.1~10,6 48 30 21 0 1.110 2,019 1,310 0.406 0.000
35-40 10.6-12.2 26 35 30 5 1.813  0.774 1.213 0,406 0.426
SBE 40~45 12.2-13.7 23 45 27 5 1.916 0.955 1.916 0.503 0.594

Z5T



"TABLE 14

SAMPLE NUMBER: G16%9-36

Uit

Interval
{feet-metres)

Percentages of Clay Minerals

K Mo 1 c

Aren Under Clay and Feldspar Feaks
10-4 m?
F K M I c

58F

30-40 9.1-12.2

40-50 12.2~15,2

50-60 15,2-18,.2

2.523 0.452 5.342 1.213 0.91%

2,420 0.426 5.846 1.007 0,516

2.523 0,355 5.342 0,807 1.181

£ST



TABLE 15

SAMPLE NUMBER:

G1l69~37

Percentages of Clay Minerals

Area Under Clay and Feldspar Peaks

Interval 10~% m

Undt {(feet-metres) K Mo 1 C F 4 M I £
CBRM 0-10 0.0~ 3.0 19 44 30 7 1,716 0.987 2,316 0.703 0.91%

10-20 3.0- 6.1 43 42 15 4] 0.503  3.226 3.226 0.503 0.000
2OM

2030 6.1- 5.1 43 40 17 ] 1.007 3.832 3.632 5.703 0.000

30-40 9*1~i2.2 35 43 22 b 2,420 3,123 3,929 0.%10 0.000
SBF

40~50 12.2-15,2 15 61 20 3 2,420  1.413 5.745 G.807 (.845

VRS



SAMPLE NUMBER:

TABLE 16

306~L24

Percentages of Clay Minerals

Ares Under Clay and Feldspar Peaks

Intarval 1&‘4 m2
Unit {(feet-metres) K Mo I C F K | T C
SW 8-10 0.0~ 3.0 22 51 20 7 1.716  0.%87 2.31% 0.406 0,703
BDM 16-20 3.0~ h.1 71 10 19 0 $.910 %,072 1.310 1.11¢ ¢.000
25-35 7.6~10.6 9 &6 21 4 3,426 0.784 5.646 0.807 0.845
SBFY
40~50 12.2-15.2 4 B4 9 3 3.529 0.632 13,007 0.606 1.110

1394



SAMPLE NUMBER:

TABLE 17

306~125

Percentages of {lay Minerals

Area Under Clay and Feldspar Peaks

Interval 107% m
Unit (feet-metres) X Mo I 0 F 4 M I C
10-15 3.0~ 4.6 9 45 41 5 2,218 0.323 1.510 0.606 0.426
15-28 4.6- 6.1 12 53 32 3 2,316 0.426 1.916 0.503 0.323
SBF
35-40 7.6-12,2 7 60 29 4 3.329  0.200 1,916 0.406 0.355
45-50 13.7-15.2 5 54 ag 3 2,420 0,284 2,923 0.%10 0,426

9ST



TABLE 18

SAMPLE NUMBER: REAP-é
Percentages of Clay Minerals Area Under Clay and Feldspar Peaks
Interval 1074 m2
nit {feet~metres) K Mo 1 C 7 ¥ M I C
100-110 30.4-33.4 17 33 23 5 0.807 0,987 3.329 0.606 0.774
CEM
110-120  33.4-36.5 20 37 34 9 1.6067  1.200 2.219 0,910 1.413
120-130  36.5-39.5 62 22 16 0 D.406  5.245 1.916 0.606 0Q.000
130-140  39,5-42.6 62 23 15 0 0.200  5.342 2,019 0.608 0.0DO
BDM
140-150 42.6~45.6 60 24 i6 0 $.303 3,929 1.613 0,503 0.000
150-155  45.6-47.1 51 34 15 0 1.007  3.026 2.116 0.406 0.000

8T
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CHEMICAL ANALYSES

The chemical analyses presented in this appendix were made using
a microprobe in conjunction with a scanning electron microscope. The
procedure used is described in the text under the heading "Microprobe

Analysis." Sample descriptions and locations are found in appendix A.




TABLE 19

CHEMICAL ANALYSES FROM MEASURED SECTION GV-12M AND AUGER HOLE GV-12

Intervel (Metres) Followed by Percent Oxide

Oxide 6.8-2,04 2.0-0.0M 0.0-1.5 2.4-3.0 4.,6-6.1 6.1-7.6 7.6-9.1 10.6-12.2 13.7-15.2 16.7-18.2
310  63.78 63.22 64.71  67.61  65.06  75.06  70.95 70.05 77,75 66.03
Aly0,  28.98 31,62 27.68 27,50  20.98  18.86  20.54 19.04 13.65 18.86
Feo0y  2.21 1.95 3.49 1.71 9.92 2.50 4,39 6,21 4.38 8.19
Mg0 0.85 0.55 0.70 0.28 0.56 0.42 0.74 1,25 0.80 1.68
cal 0.04 0.09 0,17 0.12 0.21 0.12 .12 0.11 0.26 0.15
Na,0 0.52 0.46 0.18 0.20 0.36 0.17 0.28 0.57 0.46 0.88
&y0 1.87 0.30 1.39 0.41 0.99 1.63 1.87 2.07 1.80 2,10
T10, 1,46 1.32 1.21 1.75 0.85 0.82 0.83 0.64 0.52 0.72
Po0s 0.06 0.60 0.09 0.11 0.12 0.18 0.09 0.00 0.00 0.11
MnO 0.00 0.00 0.00 0.12 0.00 0.00 0.00 0.00 0.10 0.00
1 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
S04 0.17 0,43 0.31 0.11 0.88 0.13 0.12 0.00 0.21 1.22

M deslgnates samples from the messured section,

091
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TABLE 20

CHEMICAL ANALYSES FROM MEASURED SECTION GV-22M AND
AUGER HOLE GV-22

Oxide 3.6~3.3M 3.3-~0.0M 1.5-3.0 4.6-6.1 7.6-9.1

510, 61.54 71.13 67.70 66.45 64,70
a1204 32.34 22.04 23.78 18.96 20.57
Fey0y 2.60 2.23 3.46 6.73 6.41
Mg0 0.86 1.09 0.91 1.63 2.47
Ca0 0.21 0.00 0.18 0.13 0.13
Nag0 0.26 0.37 0.25 0.74 0.36
K20 0.59° 1.56 1.88 1.49 2.90
10, 1.08 1.12 1.44 2.28 1.58
P,05 0.21 0.07 0.02 0.00 0.01
MnO 0.01 0.14 0.02 0.00 0.01
c1 0.01 0.00 0.02 0.00 0.01
504 0.23 0.19 0.27 1.52 0.80

M designates samples from the measured section.
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TABLE 21

ADDITIONAL CHEMICAL ANALYSES, SAMPLES AS INDICATED

Gv-33M GV-33M EV-11M
Oxide 6.5-6.2 6.2-5.8 6.7~4.9
510, 52,20 $6.20 59.55
AL,0, 28,35 36.76 26.16
Fe,0, 16.36 3.37 8.67
MgO 0.68 0.80 0.95
ca0 0.04 0.14 0.24
Na,0 0.53 0.47 0.43
% %,0 0.49 0.56 1.67
N 140, " 0.89 1.22 1.25
L Py0s 0.12 0.00 0.00
MaO 0.00 0.00 0.00
c1 0.00 0.00 0.00
50, 0.28 0.42 1.03

M designates measured sections.
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Fig. 9. Fragile bock of waolinite plates. Halloysite tubes are
present in the center-bottom and upper-right of this microphoto. Sample

Gv-14M, 0.0-2.]1 metres, X2000.

i
é» I
ﬂ i

Fig. 10. Curved and broken plates of kaolinite. Deformed struc—
ture resembles "ball clay” of Keller {1976b). Sample GV-14M, 2.1-5.5

Lf metres, X2000.
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Fig. 11. Poorly crystallized kaolinite plates. Ragged book-
like structure near the center. Sample GV-12M, 2.0-6.7 metres,

X2000.

Fig. 12. Moderately crystallized kaolinite plates surrounding
and attached to a muscovite flake. Samples GV-22, 1.5-3.0 metres,
X1200.
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‘1 ‘ 168
| Fig. 13. Moderate to well crystallized kaolinite plates with
; gilt size gquartz grains. BSample GY-14M, 0.0-2.1 metres, X2000.
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22649488 MINUTES FCR MAP

STRCTURE CONTOUR AT THE BASE OF THE GODLDEN VALLEY FORMATION

L]

DATA VALUE EXTREMES ARE 2094200 2285200

ABSUOLUTE VALUE RANGE APPLYING 7O EACH LEVEL
{*MAXIMUM® INCLUDED IN HIGHEST LEVEL ONLY)

MINI MUM 2075. 00 2100200 2123500 215000 217500 220000 2225.,0¢ 225000
MAXEIMUM 210000 2125,00 2150.00 217500 220000 2225200 225000 227500

PERCENTAGE OF TOTAL ABSULUTE VALUE RANGE APPLYING TO EACH LEVEL

12250 12590 1250 1250 1Z2.50 12.50 12.50 1250

FREQUENCY ODISTRIBUTICN OF DATA PCOINT VALUES IN EACH LEVEL s
L EVEL 1 2 3 4 5 & 7 8
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T T e e mn o e R e e e e S A T .
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7 B

FREG« £ 3 5 8 2 3 ¢ 1

1 lomlesl 1ragdrag 1+43++1] IXXaxxX] ICOS5C0! 1686861 igmcani
2 Iswlesl 22230} I++3++1 IXX4xX1 IGG50C01 18846881

3 o3 gn v g i++32+1 Ixx4xXX1I iseaEs]

4 1++3+4+1 IXX4 X1

5 I++3%+1 IXXaXKI

& IxxX4xxi

7 IXX4xx1

8 IXX4XX1

0011333 MINUTES FOR HISTUGRAM



e Seuted PRSP P ——— R S S O S IR A (S R R - A e A, A S S s e el SRty SRS BRI BRSNS S SRS SR G S VS S T

- KXKKXRXKKXKK AR XX XXXRKAKKX KKK +3444 444444344484 43843
ii;ﬁi;iiXXX§xxxxxxxxxxXXXXXXXXXXXXXX R R Y S e PR S S s s e e RS SR AXKXAX

CIXXRXBOOEX KK XKXX KKK KKK XK KKAK KX KX KKK 4444444344314 3445543500400 44214 XARXXX

‘ X KEXKEKXKKXKX KX XXKX XKLL XK ARAXRK -4+ + 434+ 1344352534400 F 440004040444 XXXXXXX
i§§§§:iiixXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 4P AR AR R AR AR AR AR R R XUXAX XX
TRXAXBN K XX KKENKAKKARAAKKAXKXEXRAAKXXAKKX 44+ttt bi bbb bbbt dib bbb dbt it et XAAXXXX

‘ KEKKXKXKKARKEAXKXLK KA KRR XARKAK ++ 524544433305 2244+ bd 444 KXARX

A§i§;§:ixxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx s e S e R R e S S i s S St n L xxxxxxx;
CIRXKKBERXKEAE ALK K KKK XAARXK XX AKX XXAXKXXARXK +4 4+ bbbt tib bttt dbtitd KXAARAXK XX
LS e e 03000 ¢80 0001008686080 ¢t o008 ¢t ¢ ¢qERERRRR il sl st i dsihssiss KAXRKAXK

CIXXARMEAXKXKAKKKKKK XK KR XX KKK XEXX XXX RXXRXARAN 4+ b+ 2400420+ 3 042400348 XXAXXXXXK

HAKXKBU XXX KXKAAXKAKXKK IR KKK K KKK RERKRAKAXRKRXK #4145+ 4+ 202200 444+ XX AXRNXX XX
ixxxxgxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx FFFHFEFF R F AR AR AN A XAXAXX

CIXXXKMAAKKKAKXKKE A KAKX KKK KKK KK XK XKAXKR KKK XKXXK 4+t d i bt bbb bbb ddtid XXAXXXXXX

CORRXXKEARXKEXKAARKEKEXARXKKKAXKXXXAARKKA AKX KXXXXXNKXK b+ 41+ 2234304+ XAXXARXXXX

¥ : 3 3 ‘ ; KXRXX
T XXAXMEXEXAK XXX LXK R KKK KKK RXKAXAKRAKXKKAXXXKAXKL + bt bbb bbb d XXX XXX
CTRXRNBE IO KR KKXKL K KKK KKEKEKAKKXARAAXKAARRKEERXKAKLX #+3++ 3253335225334+ AAAKXAXAXX

e

=

e b b o o S et ot et Bk e o i et B N b e g e o o ot e o (] Pt gt o g e e g e e e b B e e i i et et Bt e e e e g

ST XAXKBAXAXAXAKKE XXX AR KKK XK KR AKAKKKAKKKAKKAKALXAXAL, #4432 E 5+ 3050+ XAAKXAAXKAXX
uiXXXX{XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXKXXXX 4+ FEF R F R R X XXX KARAXXX

~ 10000&0G06000000000006000000020000000000000000CE00000000000000C00CL000CA000G XXXXXX _ | : :
- 106G0E00006000000000800000008000000000000C6LC0000000000000CC000C0000C00CC000 XXXXXXXXXXXX GOOCCCUOOUOOUU000 BH6686666666668606666F66686666£66660660000E6EEEE60666660E6668660 REREEANEGERREEERECERECERGREEEERCERREECEEAEREREAREERRERRRRRRRRRRERRRARREER CEEEEEE COOOCO XX1
- I000CAOGC00000G000000C00000000000CC00GC000C0CCOCUO0000000CCO00CO000000C0  XXXXXXXXXXXXXXAXX GCLOGO0000GO0G00C 86866666686866008668666E8606680088606608080888£566080866866668666868 ENEEEEESEEEREREEEREEEENEREEEERAGEECIGCEELEEEE0GEEERREARGEEENGEREEEEEREE CEE6666 CUODCC XXXI]
-~ 1000GEDCO0G000000000000000000000C0000000CCC00CT000000C0CCCO0OCO0B00000 XXXXXXXXXXXXXXXXAXAX GCOGCOUOD0LOC0GE  BSEH688E860E006EC060E8ECELECEEECECEEEEECREEECECERECECEEECEECEE BEERERERREEEREEEEEEEEEREEREEEREERAREREERRERERERRERREEERERRERCREREEEREER SE68BEE COB00O0 XXXX]
-~ +0000W0C0000000600000LLAG000000000000000000C000CC000000000CGCOCO0000 ~ XXXXXXXXXXXXXXXXXXXXXKX OGOOOOCOGOOOG000C 685866068606 866660666600666660B808EE66608CE86BCCEEEE0REC0666 REEREERERRERARBAZEECREENEAREERUEGEEEEECEEEEEEEEREREEEREEERERARERRERREREKE BECEEE COOCLOC XXXX+
- 10UCUACOC0000000000000000000000000000000000CLC0000TCOCCONCUCO XXXXXXXXXXXXXXXXXXXXXXXXXXXX COCGOCCCOCCGO00G00 E60HEEBEEEE6E600066066666E60856000E0060068660080060686 SENUEERRNARESEREEREEREEEREECEREEEEAEERERERERAEENECREREEREREGEREREREGRN BEB6686 OO0GG0 XXXXX]
- 160G0®&00O00000000000000000C000DACOCHCOLGO000N0CT KEAXXAKKKAKAXAXKXAXAXRKKAKXXXAXAXXXXXXX OCQCOCCO00CO00LL0RB0C  EOESEEE0EEEECEEE0CRECCB0000C0CEEEEEECEECE00E0BE0EEE ARERRREANENEERRBEREEERRRARRRREERRAREERCHREERNEGRAEEEREEEERNEEREEEURERMEE BO6EEE CUOOO0 XXXXXXI
- 1000CEC0000000000000C0000000000000000000 KRKKXXKXXKKKKXKXKKXXKXR XXX XK KKK KXXXXKRAXXXXXXXXXXX OOCOCCC000C00O000CC0GCCE B6E66E88666666E668666686066E60C6E566880ECCEGEE066606 EEEEEAREEEREGEERAREERGIREERERRRERREKEEERGCEEENEEEECREREECERBEEREREERA CEEEEE OCLOOCD XXXXXXX I
- 1060080600000000000000000000000000 XX KX KX KK KKK X XK HKX X XK XXX KK KKK XX 4
© 6000080000000000000000000000 XXXXXXKXRKXAXXXXXKKA XXX X XK KX XXX KXKN  #+db+2+03404

I0COOECoCo00ooGo00000 KEXKXKEXXELKKKEX KX KK AK XX AKX AR AXKXXX F4+F PP E A4
1 & PP PSS ES IS EFCT T IOFIIOIECSEFC GO EETEEHIEH & ¢ ¢ +++ 4+ I+ ETEE LA

+ | CAXKKKKAKKEAR AKX KKK KKK AAX KKK KKK ++++ i+ 34 F bl s ]

Bt aan: LSS, +++b it bttt A4 AL PRI UIIFIIBIAAS
T N e L S R s e e e e L St SRR R
« 1 R S e R S RS e 2 13939000 TANTNAISIIINY HdFHFAAEE AAXXXXXXXX OQOCGOCLLOGUCOGOOGOUCCUGCD SESBBEBELBEBEEEBEE CL SECEELCCOEECEEEE EEGEERERERERESAERERERERRERRAERRESRECECUREERREEEEEEERERARRE G888 COGGOD XAXXAXXXX +4+1
s snagea 4+t + #4343+ E L F R AR AR AR AR AR AR AR AR e R B bR e e T B AU e R
.TFeRA3segIrs e FEFFHEEF P44 AT A4 PR RS A A AR bRy 7999239230903 09 000923048
~.Iﬂ!I!!!l!Ii!ll 4+ 4+ FF I EFEFF LS E AR TR AR I EE R EEREREEREERE:SE ] 232999
,Is!aau;an::tao:s:u B I o e IEEEESEEEEEREEREEERESRE) a8 - B |
e R EF S EEREER R EE R R F+EFFF T R4 I EEEEEEEREE R R EEEEERE &N SN

Jrevage s s e ar R TR RITAINTRATY 14949 299939092V VBIDTITTIAY L T, BEE
e R EE CR R RN R R R R R R R SR R R R R R F R R E R EE R N R E R R P FEEE R RN RS R R R R N T RS = N |
ISR EE e RN EREEEER S R R R R R R A R R R R R R R R R A R R R R R R R R R R R R R R I O L
[P 233999930 0309709003 8390209829282 540200399982 88920433 saReRasReavaass . 3243
[0 e I8 3922392 902393003882 2998879898293 993330209V VNII VDT ITIIINA  FREEE]

‘Id"!m’!!ii!iilili!!t:!ﬁi!!lllli!‘lil#!.il!l!’!llllI!l!!l!!!lllll!l!ii!!!li!l!‘!!iil
AR SRR AR EE R R R R R E R R R SR R R R R R R AR AR AR R LR R R R

LI e ey AN TIAN I TRV IAI VI IADI IR IVIA AT AT A IR VIV AN AT IFNARAL IV IV LA AF T RTINS
.10 W M 2292282333309 0990 993338399 LABVVRANID VAT ETS D IIV2IINNS NIV I AINIT TR O IRD
LI D OE 91T 09 3330930199943 098933009 T2989 93319 VDFIRCF VNI IIFIINAINLTALAST
CI% U @R P339 0903993983029 9900T03939999099993999899T AN TIVITIIDI DLV AVNTNIIRDNIY
N E C 220089 9302030999803 330 30003228 2IRIIAID0IIIBIIFLINTIAIIAIIAVAIERIIADID
L I® N @ FE 9929333025128 33 898038888 3309933994333 08082 0399303080909 39999309999 99902908339
L i B R 9982003013908 90 999NV AIRNFEIIAITAITRIII I SRS FIAI VIS SIIAIIIN VSNV IR AT
C m 92T I VDSTANVDIIIAASVI NGV IIAI VNI IATIIAIANNIACIND AT TFITINAB VBB RNTRIRN AN
i+ 0 ® C 233 T IITVINAIAAS AN IS ST LA IBIIS AT VI AANN AR NI 9999930329999 BNOT DD
L9+ U B O ++++ 1973908993233 309 1288903209023 48220228 £58 3099990039203 3200090983
~I¥ N K U FHEi+E e+ ST BRI IR NPT SIT VLIS AIV FDINITINAIIIDIIIN DL I IV VDN 9NN
LI+ T BN ++++ 44443444344+ 4 FE AT ATV ANAT IS IT A2 03393013 TIT VIV IIIAVNAAR G IV AN
CIF Y BT iRt R AR bR A4 29293 F 2 ATIV AR IS 93D I VAV A VIV VATV IR ITAN AN
o B Y +++F 44+ 4+ 4444+ 34+ 44+ 444+ 4 BTSSRV AV AVII AL A VIV DSV I VIV A IOV ANV AR AAFDT
T R NI R NFE NS NP T U N O S W WY S S T R S R S I S 299 T9 ARV ITII2I VNIV 9BIIIILVDRRD I
[+ 444+ +++ 4+ +F+F 05+ 343+ 204+ 4332+ + 44+ 4 144 71999099399 89039092 0933973330200
B Tl R R R R R e o e e T8990 0299482308038 8V
B G O R S T R T = S S A A S R S S I S A o 123050000839 9209y
B R R O o e S e T T 338333

+++++ 444444443 XXXXX COCCO E6GE6EE ZEERERERGREREE OCELOCEEEEECEEEG8568508E000ME6065568E668 000D
00000 £6066686 RUEAERNNBEREZ GEG66E8866886866£660686000NIANANERNARUNNNNE FORT BERTHOLD INDIAN RESERVATION BOUNDARY EASARSRSESNGNSSSSEENEC000C GHGSBE0B086060800E00D6EEEEE060668668 1
00000 85666950 HEEGEEERENGREE SE00E6966606656EC00666906666686686868 CO000

CCOO00GOCC0OC00000G0UD000TC BEEE6EE6EC0BCE0EE0EEECECEEEEEEE8E61
CC0O00U0C000000C00CON000 BEEE6EEEER6560866066006E6B6566668586661

0000C 8866680088 GSGRGERRARER EBEBEECHCEECEECEE666888888686866868888 0C000U00B0L0C000N00N0G00GCCOCO00BC0CO0CCOOCUB0C00GC00000B00C0CCOGGGo0OR0 EEEEEEEELELECE0BEEBCEEEREEEELBEBEEEBE
00000 8886500680 HEHEEEEAEEEEE E566668066E666660806866866888888688 10000LL00C00000N0K000000OCOOCUCOCVOO0000CCC00CUCO00GCCL00B00Co0CO0COG0000R SEEbE0BE6EBE50B0EELE50E0E8EEE6C6EBEBEE B4
QO0CC BEGSELEEBED CHENEZAEAGEREE BHEEEEESC8E668E86888885868888888888 COCULDNOLCOODOCCLDNOC0O0NUC0LCOOOC000CCLE0B0000GC0000GLO0GO0GCOCO00G000 SE0BEECEE0E8EEEBE8E580E006E0EEEEE868E B8]

eieieinints
COGOU0
0000G0o
gogoBoo
0GG0oCo

SEEE6006C EOEZGHGEUEENE BEEEEEELECEEE8E600066566868880808688 0000000000VULNLLUONLOCO0UG0UCOCO0GO000CO0COCC0C0000GoCOO0NNOOGoOCOonas SN HEAEANEENNUNERENENEEEEEERENERERABAN]
E56€66688868 GAEEERARREEE SCEECB0BOEEEEEEECEEE66866666€88 CU0CCOTO000NGOOULL000GL0OGLCO0CGO00G0C00G00GGELO00G00CCC000000OGOGTO0 EECEEEEEEECECECECEBEEEECEEEECEEEEEEE GREEEREER]
B6E8680666 BRCREEIEZEEEEE S8E66E86GEEBE£E8866806868866868868 UOULOLOCCO0COAN0COCO00000000CEOCCO00000CON0OCCO00B0DC00CHC0o0000000000 68006ECEEEEE088088E8B0CCEB0EC0EEEE6E CUEHERARER]
BEEECE0EHEE NEECHREEREEERE CEEBO0EDECEBE6EBBE0E6EE86E66 DODOOOICCUCOO0CO00COO00GO0GOCCOCCODLOGOCCOCCOCOCOCoonoa0on000a06onn 85068085880866686808068000BE0EHEEEE6E6 RUSBINEREBER]
BECE6E00E60E HNUNBARNGHEERE EEEE0EGOEEEEEEEEEEEEBE06866686686 OUOCONCOCCO000GOCGCUOGHOLBULCGOCOLCO00N0000E00CC0000RUCCOUCCOUGO000T BEEEEEE86ECEEEEEEEEEEEEEEEEE66E686 CEREREEEEEGREEER]

00C0OC00 €68E86856666 GERERABBEREEEE EEEEOEBEEEBEEE8868868686868668 00O0000CCOUOCGCUUCOOCOCCOCO0COOUCCCOCONOCCCOCCOG00000C0O00C0000000 2 BEH8BREE066E8866EEBEEE8EE8668E8868 EEERERECREEBHBER]
0000000 SEEE00606E NEEGGUCGEEZBER SEBCEOEECOECEEBEEE6666E COLOUCLCCOLCONOO0ONCLOUDO0GOCOCCCLLCCOCOOCO0CCCODEO0000O0LL000C CBBEEEEEEEEEEEEEEEEECEGEGESEEEED CEEEREEEROEREEEEERER ]
{000000 5E£680E000E6 GEENGRBHEEREEE SEcEOcEb6EEE6808888888 00G000000O000000C000C0000000NCCCCCCCUCOLCU000GLO0NGOG00GCO0000 6666866666660 0666666666660666668 2(SMBEREREEEREEEEEEEEET

CCO0GO0 E665866806EE6 GECGRIGGUBBEEGEY SBE6EEEBEEEBLE6EEEEER COOLOLCO0OGRULONOLULOC0000000LUCOGCGI000000000CCOC00O0GO00G0000 SE6RE0665606686685EEEE66886668 REACEEEEEEECEGRAREREBERS

CGGOGGO £e6666E6685668 AUGENRUBERRERBEE SEEEECEBECEEEEE88€668 COUGOBLLOCOCCCLOUCCOLUCGO0UC0UGOCCOCT00G0000000LCON0D0000000 BEECEEEBEEBE0GCEECCEECECEEEEEEE CREEEREEEECEEEEAEREREERREE I
COCOCLO EEEESSECEEE REEECNEERREEEERXE E6EEEEEEGBEUEEES8E U0CUOD0O000DGO0O0UOC0000CO00V0CC000BCCCO00000LICOCCCU0C00000 GEBREEEEEBEBERREEEEEEEECEEEERBE BECHERECCREERAKEEAGUREEEEBEE T
COCO0GC0 ECEECEEEES CECEJNOREECREBREREEE BEGEEEEEEEBE68E88 OCOUOOOCOCCCOOO000COLCCCOCCCCCLLLCCLC00G0000N0BOCOO000G000 BEUEEREEHEEREEEEEEEE6E86ECEGE RECERESREREEERNEENCCEHCGCEERERERBER ]
CCODOCOD 6666666666 UEEREARAHEERRERAGE S686cEEE6BH6£66888 CCOOO0OLO0OCOCLOOCOCOUCCCO0O0000CCOCUCGCO0OCCCECCCOCUCCRREEREREEERERSuNEREEEEEEEEEEEaEauAn A ENREEENUANENNEEEEEEEREEEEERR I

XX O0GCCCCOOOGGO0000 B86686E066866EE6EBE6EEE6E0E6008080866060000880080E66BH80686088668686668 (USRCKEERENGRCEEEECEECEEEEIISESANEESERNESEAERRNEANSNNSSEaASEEARANNEENENEANEREGEE6 OGOCODG X1

EAXXXXXXRAXXXK UODGOOCOLOCLOOLCOLLLooO E5EBgEE0E0EE6E6ELE00866C0EEEEBC00CCEEEEECE560 SENGECREINGECEEEEREEUERERRREEEEEENECEREEEEEEEEREEECEEECNEERNEEREERE GE6EE88E CUCOO0 XXXXXXX]
+d AAXXXXXXAAXX OCGOOCOGOOUOCOCCCO0CCL0000CC EEgeBeeC0EEE6000E0CEEEE0EE00CEEEE0EEEEEEEE ERERREERERARIEEREEREEEEAREERECSEERRNGRNSEEEEECRECEEREERRECERARAERAREERERE SEEBEE8 OCOO00 XXXXXXAXE
++++  XAXAXXXXXAXX GOOCOCO0O0CCOB0OUO0CGTEOLOL0TT0S EEHEHEE8EE0E8E806800C06ELEBOLECEELCEEEE800 EEEECEECRAREEEKEEEECEEGGECHBEEEERESERAERRCREEREEREENEAEERRERNIESEERR 568666 UO0CO0 XXX XXX XXT

++E++ ¥

XXXKXXAKXAXX GULCOGOOO00C0OU0CLCCCGCOGCOUGE0R pEE0EREaR0REER000ECo600CB0EE6E86ECC0EEE RERRERREREEEGEEGEARRARNLZEREREEERRENCEREERAUSEENRRANCRUENRERCEERE OBB8E68 OOUCCO XXXXXXXNY 1

D P8¢ PEEISPOSIEN ST SOOI T ISP IESTEIEFTSEIICIEDEEH TSSO FED Fhitdbbd bt bR bd i bbb i AR E bR XARXXXXXXX QGOLCOROOOULO0C00LL0CNGCO0CUD cEEEBEEE6CEE8E8EEEEEEEECEEECEECEGEEEEEEE ERBEEEERNEBEEENEEREEEREEEREEREERENAREEEAREEEEEEERAREAEREEEREREERE EEEEEE COCCCO AXXXXXNNX +1
CERAXKKMEXAKEAAZRXKKAAKK AR L KKK A AKX KKK RX AKX R KK AR XA AR e A d b b Frtdbdbdd b d XXXXXXXXXX GOCOGOOCOCGOUCO000000G000000 €606660E60B000CE8E666E6E8BE68066068688¢ RESERANNEREEGEREEESEEUEERUCEEBEUUREREEGERRARREENERREECGRCEREREEREE BEGBBE COONO0 XXX XXXXXX +1

+4ditdied s XXXAXAXXXX GOOOOODOGOUGCCGO0LGCLCILLOGE 68ECEE0EECEE0EE6EEREECECESE5CC00E0EEEE REBERREREERENEEEENECEEEEERGEECEREEEEEEEECEREREAEREAECEREERERABERR C686EE COGOCTE XXXXXXXX 444

+EEEE
L

Fhtd XXXXXXAXXX COOOGOGOCDCCOCOOGOCLOCCC00 6666666666660 0686C068666886E566666E66666 RRERUARAURRERRGRCECERERECERENEEERECEEGREREREEEEEEGEREAREEREER SEEEEE COCOOE XXXXXXXXX ++1

34+ AXXXXXXAXX OOOOLOCGOUCCOULCULOGOC00R0 8E080E866686088656668 2CCOGEE0EEECECE06EE GERHGEEUEECENEEEEEEERECEEEEEREEREEECREREREECEERECEEAREREERE SEEE68 COOGOL XXXXXXXX +++1

7223 p4dbbddd XXAXAXXAAXXXX GOCOOCOCOCCOLOGOCLLCOCOQOO0 £066868848688886888 GGLROOC SEEBBE8CECEEEE CEEEREEEERER ERERECEEECERACERCERREECEECCRERRERRE 868688 UCOUOU0 XXXXXXXX +++4+1
$2330 edbdrdt XXXXXRXXXXXX GOOOCCOULCOCUOOCCGOOC000N BBEEE08BEe8886888 COLLD00BLE EEE6EEEEE888688E620 E58B8588B8688886 REEREAECERAGEERNNAKERRESEEENRREEE BEBEEEE TOOUO0 XXAXXXXX +#+43+7

ssaaas
‘EEETE]
e3 9382
sassaaa
#3429 93
‘S EEER R
AR R
aasaaa
 EEEEEE]
'EEEERE]
s33a89%
' EEEE R
E B 3= BE B BE N
I EERE R
ss330338
22809
I EEEER
130292
SER T ¥
293333
288939

22939
2338 34

434 ddd KUXKXAXAXAXXX COBOOUCCOOOCOCCOLC0COU GOCEEBECEEEEEE OOUCCOOCDEOD CEREEEBECEEEEECEBECEEEDORESEEEEREEGEEEE EEREZREREREEREREREEGRERERR EEEEEE CLOUDD XXAXXXXX ++#+441
thddbdds XXXXXXXXXXXX GOOOGCCOCCOGOCOOCO0C0 8286666668688 00CO0O0000CL000 €B6800BE8E0EEEEHE60660680060CC0E0EECGEEE0666 CREEECERREREEEKECEEBEERE BABEEE OUDGOC XXXAXXXX +++++1

T4 d+d AXAXAXXXXXX XXX CCOCOGOOOCOOCOCLO0OGH 8858668688888 UUCOUGOCOCCOLOOCG0 £6866668EE0C0E0ECE0060656806850866850665 BREREEEEEEEENCRCERUBREE SOBEEE OCOOOC XXXXXXX #+++++1
b+ XXAXXXXAXXXXX40 O0CCCOGOGO0CGOCCECCCC 868682768868 CCUCOCLCOLCOLCCOUC00L SEEEEREEEEEBEBERCECCEEBECEEEEERCECCEEEEEEE BRERERREERRRRERRERERE CEEEEEE CCOOT XXXXXXXX 3444441
+EE Rt EE XAXKAHXA KK XXX X GOOBCOCCOBG0ooooD B8BEEsE DO00CDOB0000CoGoo0onan EE0EEEE0ECEE 060 BECE0EBECEESEEECEREEEEEE CEEEEAEEREEARRRERRRER SCOEREE CUGOD XXNXXXX +3++++44++
FhtbbE 4t XAAXXXXAXXXXXXXXXXX 0000GC00GC0CCODCGE £8€66 Q0U0OCCO0UO0OCOCCOL0CCO0000 6666886806606 6666EC0EC06EE66665686660 EEREEAREREEEEREENE COBEEEE UOO00O XXANXXX +44++441
FEdr b AXAXXXXXXXAXXRXAXXXKE  OGOOOCCCOLCCOUCCLOCLCOoOOOCGonos XX XX GLooooooo EEECEREEELCEEBEEECEEEEECEERE00EEEEE BEREEERESRAEEEEE BEEELEEE COCCOLO XXXXXXX +4444441
Fr+atdbbd AXXAAKXXKXXKXXKX KKK KX X GGOCopooooDN0000GoO0DD000E XXXXXXXXXXX 0000000000 S0CEECOEEEEECEREGEEEEEEHEEEECEBEEE EEEERABARERRAREN SOBCEBEE8E QUUSE XXXXXAK +++4+3 441

THdd bt ARAKKKKXKXXXXXXKXRXAXERKXXX  COQOCOCOOCLOCC00000TC0 X XXXXXHARAX XX AKX 000000 oooo 888086660 EE806000CEE00GEEEEESEE RAREENGEREERRE CEBEEEHEEGE QUCLD XXAXXXAX ++++++43 1

Fddbd b JOOK 00K KK I LN XK KK XX COODOOOCOCOOD000  XXXXXXXXXK XXXAXXXXX COGCCCOCDCO EEEEEEEECEECCEEEE0E0CCEBEEE RERRERRERNRERE CECEEEBEE [OCCCO XXXXXXX #t+4i44+4+8

bbb dd bt d XAXKUXRKKAXKEK KKK KRR KKXX K AR KKK X COCCGoGRoo AXXKXKAAX + XXXXXXX 0QoCC0Oo000000 SEBEE06066EEE60ECECEEEEEE URNUNANRERE SO66666666 DOCO00 XXXXXX +#++#4++4+1 -
FHAEEF A e AXKAAARKXKXXK KR KR AKX KKK XXX BEX X KX KAXXXXXX FH++i b4+ AXXXXX  CCCOCOOOOCOOCC E£6660680868660066868666666 NUBHERREEE CEREEGEEEEE GUOOLD XXXXXXX +++d+++441

FEIIEFF A EF KXAXAXAXXAKXXKXRKKKXKKAKKAKXK KK KKK KKK X KXXKXRKXXXKXK +4 44444444444+ XAXXXX GCOOQCODCODOCT SEE6EEEEECCEHEE66666668 BERREERRE CSESBEBE86BEE CCOOOGE XXXXXXX #+3+4+#+4+1
FHIFI A4 XAKXXKKAAKXKXKKXKXXKKKKK XXX KA XXX XXX KX XX XX KK XK KKK + 4444453344444 +4F XXXXXX OCOCUCCCU00G0 S88686568686660086608666 ENUENEREE GOBBEOEEEEE CUOUDOD XXXXXX ++++++t+#+1
FEPEFEEE PR E AXAKKXXXXKKXXKKKKEKXKEXRK XK KKK KK KK XK KKK KK+ 444+ 44 +444+ 44 XXXXXXX GOCOOOQUOCOCC BBEEEEEEEECCEBEEEEEEE RERRRRER EEECECEBEEEEE CTOCLLC XXXXXX ++4+34+4+43334

4+ EFE+E 2T EELEE KEXXKXX RXKERAXXKKRXRXXXXXKAXKL  +434+F+4 23029 FHéd+d XXAXXXAX QCOOCCOCCOCOC EEECEEEEECEE0EECEEEE EEEENEE CEGSLEEEBE888 CUUDDOTE XXXXXX +++4++d+d4+]

IR A S AR S RSt bl bt s g 4kt d i AAXXXXXXXXXXXXKK  d+ddd+ddd 290830230 444394 XXXXXXX GOCOCO0000000 60B8EEECBECRECE06E66 KRNAKE CEECSBOGBEEEE CUODOC XXXXXX ++44+++++4+1

ittt bttt bbb bbb AR bR bR L bR RS KAXKKXAAXXX  +h+444245F 19239643300 444344 XXXXAXX GCOCCOCOCOUO0 SBEEECEEECERCEEECEEE REBERE GEECEECCEEEEE CUOOCE XXXXXX ++3 434444441
As e s stast it s st ot Rt st ittt h sy thbtbdbbdabd 0900202300300 4444 XXAXXXX QCOCOCOCOO000 S88HEEEC88BEECEEEEEEE HEBEE DECECOBEEBEEE COCUOOC XXXXXX +++4++ 4444441

444 E A b bFEERER PR AR R AR AR AR SR IR A A F AR AR L PR V090900050038 4 bd XEXXXXX COCOOOODODOCDC SOCEECCDGCELELEEEEE BERE GSGCEERBEEEG8E8 COOCBUT XXXXXX +44+4+3 4443 . &

FEAEF A IR I A AR A I I F I E AT PP R PR AR 2900003000900 pabd+ XXXXXXX ODOCOCOCCOCOD BEEHEEEBECOEEEE666 NERBE E6BEE66BBBE66E OCCOGOD0 XXXXXX ++++++44% 91
PRIRE b AP R AR R AR PR R AR R PR R PR AR R R SR AR S PR AR AR bR 00000003800 4344 XXXXXXXX QOGOOGOGOO00 BEEEEEC6EELEEGCEEE6 JHE DEOGEEHBBE6868 0000000 XXXXXXX +++44#++4+ 12] -

44 A E IR A PR PRI PRSI F AT AF A IS PR AF bbb bbb b TR0 0303990 334434 XXXXXXXX COOOCCOOUOOCDD GECEERESRECEELECEE HREEE COELCELBEEEEE CLCDCOD XXXXXX +4+3+ 44444 391

FEEEP AL AR TR AR R LR AL AP A E R AR A AP R 2 E AP F R PR PR PR R R E SRS P 9099000908 g +44+ XAAXXXX OCOUOOCCO0D0O0DD EE8EECECEBEEECEECEE HERE GCORLSEHBEDLESBE QUODODD AXXXXXX +++4+++44 2837

TS A FEER AR IR AR AR RIS TR R R H H R R R E R R R AR R RS 2999099 34 pes++ XXXXXXX OOGOCOGOCOOC0O BESE66GUCEOEEE666E ERGHEE OCEEOGE8G6866 UCOCOOD0 XXXXXX +4++++34 1904

2989 434
B

+4+4+ 44
tEE++4 4

S asess CR IS S I e AR s RS st S R R R R e e R e e R A R S S S R R R SR e R R S R R R S XL S RS A RS R e A R R S RS R R L

et e S L s S S RS R SR S SRS SRR TS S ER S 2 N TE AR SO R S G R e e e 44 R4+ AAAARXXXA DUCOOCCOUC00GTE BESEEECBEEEEEEEEE REANEER CECELEOEBEEERE CULULOD XXAXAXAX +4++4++4 2302 ]

3414344443434 H A3 A AT RS IR TR R R T E R AR PP A F AR R AR R R AR AR AR R A A H R4 XXAAXXNX OQOOC0O00D00O000 SRSSEEEHPEHEE8EE JRENGUEER CESEE8ES8E CULODUD XXXXXXX +4+44444 i’*'i[

43R FA IR F ARSI RIT I RE IR IR A IR R R R AR R A PR R H PR R AR XAXXXXXXX DCCCOOCO0000 SSEEEECECEEEEEEEE RABAANNEAE S868868868 DUOGODD XXXXXX +4+++4+4+43 02238 ]

FERAF PR AR R PR R AR AR R AR PR AR PR R PR P L P R PR SRR PR AR R R R R R R R R R HEE S XXXXXXXX O0COC00GCCC000 S8686EE660CE66CE66 RERBEEBREERGE SEEE66E CUCCOCOO XXXXXX 44444444 v990n]
RS s: CaR S et e R R R e e e S e e e e S S S e e E S R R L FH++EE 4P E R A AL AP R PR AR F AR AP R R A AR I R P R AR T R R AP R AR A A AR R R A AR R H R4 XXXXXXXAXX OQUOCCOOCOCCOGO BEEEEEEGEEEEGERE EERUBGNUEEREE SOBBBEE OLCLD0 XXXXAXX +4++4+44+4+ 1302223
CIEFAR R R AR AR R R R R R R R R R R AR R A AR A R R R R R R R R R R R R AR R A E AR R R A R PR AR R R R R A PR R R A R R R R R R R R PR AR R AR R A R R R IR R P AR R AR AR P AR A S A R R R E R R 4 XXXXXXXXXX O0GOD0000000 BEEGECEEEO0EEEEE BREEGEREEEREZER EEEEEE LOOCD XXXXXX +444444+4 22383 ]
LA HE AR AR A AR AR R AR R R R R R R R PR R R R R R R R R R R R R R R R AR R R A R P A R R R R R R A R R R R R R R R R R R R R PR A R R P A S 3 HE P E R E R PR H R R AR PR AR R R R R R A XXXXXXXXXX OOCOCCOGOOGG0 SEGECGEECSCEEEEE GEECEEAREERESRER GEOEE UDOLE XXXXX +++4+4+44+ tazsav]
wI++++ﬂ+++%+++++++§+*+++++++++*++++++++++++++*+4+++++++++++f&}++§+++f*+++++++++}++++%+*+++%i++4+++++§+++*+++if+*++++*++++++++++++é+*+++++++¢+++f+++++++++++&+++++}¢i+++ KAXXAXAXXXX O0UOCO0COG000 DEHOEEESCE0R0EEE RECGHIREERERIBEEEE GEEEE CLGD XXXXXX +4+434344+ 20933400 ]
O R e e e e R L O e e L L e L s DM sle e alilele alalaals BEBCEEEEEEEGEEE BOBBEERERRERERBEREE BEEE CCCO XXXXX +4+344 444 99222830 ]
_ X FEEFEF I 4F I F IR FEEEF A AXAXAXXAXKX XX OOO00CCCOGC0O00030088EE608E066668 NECERGERBHCBEEEEEEE BEEE COUL XXXX +4++4444 s038339904
BT s EE S SR e S R S E R SR R R e R E S S P P R S RS EE SR SR TS E TR R KEAKAKERAKKAKKKA KKK KABEXKAKE ALK XXX ++ 4+ 5+ PR AR XKEXXXXKEXAX XK CODOCOCCCLTCCOC0 GE0CELEEEBEEE ERERNERERE REERERE 88E& OO0 XXXXX +#+%+44 2923000028}
S E R LR e e R R e R e e e e A R S R RS SR RS LR S N G P RGP EOOOT PP IR TP PREG T PN I C L CCE LT PR A O TR S0 'y AXXXXXXXRAXAXAXXX QUGCODOCOCOLOOCED GECECEEHGEEE RERUEERE BER EEREE SEE DOL XXXX #+4444  EEEERERERE
e e e s s s e R R e e e A e S e e R S e R R e e L R e e s SR S R R S R AAKKKKKKK KKK KEARKKKKKAXRKARKEEE R XK KK AKX KKK XAKKA X i+ XXXXXXEXXXAXXX XX OQDOCGOCCCCTCCCCL00. EE6EEEE0E066 SGBREREE NASENEN EXEE 68 GOC XXXX #4444 tstssszssnany .
IR R AR A AR PR AR AR AR R R R R R R AR R R R R R R R R PRS2 M R R AR R R R R R R R R AR R R R R R R R R R R R . KUXXRAARKKAKXKXXLXXARXKK KKK KKAKLK XXX KKK X XXX XK KKK KKK KEXX  XAXXXKXX XX XXX XXXXXXXXX OCOGOGCCOCCGO0000C BEEEEEC0DEEE BREEREE SEANEERE EER SEE OCD XXX ++34+ *2033sacssnen]
R S R e e e e A R R R R S R e e RS S S R S S R R S o HHKKAUKKKK KK KK KEXKAKAK KKK KA KKK KKK KK XK KA KKK KK KKK KK KK KK KX KK K0 XK X KKK AN K COCQCODOOOC0CO0COUL0 BECEECEEEE CEEEEE NIISNEESE EBE8R EEE OO0 MXXX 44444 2832333838103

T# 343+ 44+ 434 H 40000040 bbb bbb b bbb bbb b b b TR r R P R P PR R R R AR PR R R AR R R R R R PR R XXX XXAXXRAK KKK KKK KL KKAKKARELK XXX KKK KK LXK KK KK KK X XXK XXX XK KKK XXX KX XX XX XXXXX XX XXXXXX COCOOOCCOOCCOCO0000C00 SEERG0868 REGEEE GUGNNUEESE BEE G6E DO XXX ++4++4 B R EE R R R R R D

e, EE S R R R R e R e e e e e S e S Sl eSS s S S A e S et S AR S s R AR R SRS eSS s R R LS RS

I R T s e e s R e R S S L S S e R s S e R S LR S S e S s S R s e R AR SR S S

FrEEE AAAXXXKXAXKXAAXKK AKX KKLXXKXKKKLL KKK KKKK KKK AKX XX XK KKK KKK XK KKAKX KX XK XX KA XK XXX XXXXXXX COCOOGOOCO00COCC0C0000000 SEE6E06E REEEEC AGEREES BERE 88 000 XXX 4444 239329300999 349]

T KEARKXAXKEKXKXEALR KK AKKK XK KKK COCOGOGoUGHoo HKREKAXKKK KKK K KR KR X AXXKXXAX XXX AKX AKX COOOO000C0000000C0O00000GL0 A56886858 GGAEEEA @ GREE BEE GO XXX #+4+% 99312033 s9ssanasgy

"i++++u++++++++++++++++++++++++++++++++++++++++++++++++++++*++*§++*++++++++*++*++i+i+_xxxxxxxxxxxxxxxxxxxxx CO0GUO0oo0000E0GG0noonooon AAARKXXAX XX XKAXKXXKAXX XXXXXXXX XXX CCOCO0A0D00CO00CCCUOCO000C0000TC0 BEEEEEE AENHNMNNGSEREEEERE 888 00 XXX +4+4+ 9599223908090 ]
T4+ + 4B 4+ 4+ 4+ 4+ 3344334433333 44454344 2442 EF 2 4 E R AR R F L R R R TR AR AR AR AR AR XX AARRKX KX XXX AKX K XX COOCGGOC0CoG0B0CBoLLUGCopoonooooonn RKEARKXRRXKARKKXRKXXKKXXAXXAXXXXXX OOCOO00000C00CO000000000C0GC000 SCESE6E RENERGGEEERERE 6688 CUL XXX #4444 09803 vsamssennssn]
. AAXXXXAXXXXXAXKAXX OCOOGCOOCCCCC000CU00LO0CC0CLionooCuouooLonann XXXKKKXXAXXXAXKRXXXXK OOGOCOOCUCO0U0CCC0CCO0C000000000 CEEREEEE ARREERNERNRER HE688 D00 XXX +4++44 9993100000000 ]
IR R R R AR AR R AR R R R R AR R A R A R A R SRR R AR AR AR R AR R R PR R R R AR XXX AAAXKKAXXXXAXAX XX COCOCOCOULOOCCOBCLCCUO0COCCOOCU oL CoCOooCnoCoonnoncoe KXAXXXXXAXXKAXX COODCOOCOODO0000000OC00C000L000000 BEEEEEE GBERER EEGEE CLLC XXX ++#+ 4 7003822233382 0838]
2R AR R R R R AR R R R R R AR AR R AR R A R AR R R AR R R R R A R XXX XXXXAXXXXX XXX GOOSCOOOUC000LLOCCGCGC00CoGo00C00u0o000Ccoooonouonnouooonn XXXXX 0CC0LCoo0o00000ooCocCLouioooULtinouUn e8sBEB688 SEEH86E8 GUU XXXX +#4+4 44 3328300239999
CIEA AR R AR AR AR AR A A R P AR R R R R R AR A AR R R R R AR AR AR R R R R R R A R XU AAXAXAKXXXAAXR DOOCOCCOOOCCOCCO00LOCBCLLCLULOCCOUCLoC OO OCCoUnOOCoOLC OO CoooDonRos CoeccCO0oo00o0000G00000000000G00000000000 2888066088885 0668686 DOGE AXAXX +++++4+ 2123039025088 ]

I B+ 43+ 4+ 4444 443+ FHFFHFH 41453 10340 P 0P P AR E R R A R R R R R R R R R XXAXX XX XXX XX XX XX CGO0COLCCOGGH0O66000G000CBC0C0GE0B6Cu0oCO0CUCOCi00Un0tuOCCCiCCO0000n0O0G00noNCD00OOnC00RGGonCOns QOCOCGUCOOG00C E666C00BBEEEBEEEEEE UOUCD XXXXX +3+ 34334 s9upsssaseasj
I W3+ 3+4d+dbdbdtitibbtiitirddbiibitibbbbbibtt bt it db i b bt bbb bbb edd  XAXXXXXXXXXXXXX X COODGOCOCGOGUOOLGOCOGUCLELLEULCLC0L0L000C0C0CoCoCo000CLoG00000000000CO000C0000000GGECOGUNGGOG0G XXX40000C00000000CH BEEEE6680866EE6E OGOGE0 XXXXX ++4++4444 1902881008 ]

INSUFFICIENT DATA

BE+F 4+ TEdt b 4P bbb bR R R bbb bR AR R R PR AR R AR R R AR R R R XX XXXXXXXXXXXX XXX COCO0000000CC00000000COCCE000C0NE0GICH0C000C000C0000G000GGLUC00000C00DCCEN000C0CGOCCO0GO0G000000 XXXXXX O0C00000000000 SEEEEEEEE6EE OOCCOCOD XXXXXX 44444444 1vasssena]
A+ ++ 4+ttt bbbttt bbb bbb r bbb bR bR R R A PR AR R AR R R R R A AXAARAXAXAXAXKXAA XK CCLOCOOGOGC000GG0000CGLOACCLOGGO03200C000C0C0CCLCLLLU0000GCCOCUCOD0UCCOOCCC000UN0NB0O00G00000000 XXXXXXXX GOOUGoO00000800 2 SEB8E8E COCUOCO00 XAXXXXXX ++4%+444+ L EREEEERS
W M+ttt rb ittt bbbbb bbb bbbt bbb bbb bbb bbb bbb bbb R bR bR bR bR A XXAXAXXXXRXXXXXXX XX GOCOCOUCOCCL00OLGOGR0GOEOGLCGE0GE00CEGO0CICCGCOu0Co0CCCCOCOCUCCLLCOOU00O00CO00000CO0COCOO0D00D00DD XXXXXXXX COCCCCoo00L000000 COCCLOUCOUO00 XXXAXXXX +34+ 44444444 2322}

WEAH+H 44+ 34433433330 3343400 0 H 4343400 P00 bbb H A4 F R R R PR H . AXXXAXRXAXXX XX XXX DOCOCGCO0000C00CC0L0000L0000CC0000000CE000000060000000C00G00T0CECCo0000GCCEC0L0COGCO0LCCOL0GA0N0NG XXXXXXXXX C0CCO0000000GE000G00000000CCC00CO000 XXXXXXXXX +4+ 5344444544 RS

BEE+++F 4+ 343454000044 H 4343 03330041 R R R R R AR R XX XXX AXXXX XX XXX XX COOCCCOOOCCOGCOCCE0LR0GCLCT000LG00000CECTLCon0Ut000000000000000CCC000000000G00CH0GUN0000N0C0NU00CO00 XXXXXXX CCOGCCO00GOCG0C000G0GCULGC0OCCE00GGT00E XXX X XX XXX XX ++4 ¥4+ E4 4444+ I
BWEF +++d bbbt bbbt bbb bbb bbb bbb bbb bbb bbb bbb bR R R R XXXXXXKXAKXXAXXXXXX XX COOTCCCOCO00C0C00C000O0C00000CO0000GOC0ECCC0CCcutoiGiCou00U0CL0LCOCCLO000LU0C00000COCOCOLOC0000000600 XXXXXX O0CGOCCO000COOCCO0CCOCCCOCCO0CCCO0000T XAXXXXXXAXAX + 443444444843 241
AR+ +++ 4+ 4+ + 434+ 2433444344445 4043434444044 44 4 XXAXAXXXXXXAXXXXXXR CCLGOCCCOCOOOCBLLCBLOC0000L00COCLCUGLE0UGLLLo00Coi00C00000000000CCOC000000C00CC000G0000000ECU000NN0G00C. XX X CU0CGO0U000G000000000C0aG00CGo06H000 EXXXERAXXKXXRXKX. #4443+ 44+ 4+ 44T

HAAREAT+ + 4+ 24+ 4T+ + 4T TR L F AP AR A4 R4 AXXRXXKXXKXXXRX XXX AKX XARXX XXX CCOCCCLOBCOLOLLLOCE0000GL00L0CLC0006o 80C4000000000000000000C0C000000000000000000000CON0C0000AGCA000 C0 CODOCGOCGUOCCL00GCO00RG0COG0CO000000 XXAXXXX XX XXKXXK 44 +4++ 44+ 441
ARBBWS+++++F 3+ 1 E PP 340 E XXXXARXXKXRXAXXAXXXXXXXXXXXXX XXX GUCOGCCCOOOCLGOCGCOCCOGUOOGUCOOUGOOG00 668688€  COGCOCOCOCLCCGO00CO0TO0G0O0C0006CCOC0G000COn0CC0C0R00GONCOC00BC000C00CC0000000L00000C00C0C0TCO0CECahon AAXXXAXAKXKEXXKXAXX +++4 44 +3 44341
EESEERF+F 4+ b bbb abdt ARXRAXKXAXKXXXXAXXXAXXXKAXAXXXXX XXX QOCOCCCCCOCOOQ0GGOGCCCOCCCCCLOCOLD EBEEBEEEE OCOOOCOCOCOO00000CO000000000CC0000000GC000CHAC00CELUGCCE0000000COCH0000GONCO000CGC0N00000C000000 XAXKXXX XX XX XXXAXXAK +++ 344444441

EERER+ 33443444+ KXAXXAXKAXKARKXXKXKXKXXXRKKXXXXXXKXX COLCCCCLLCOOOOBCCLCLLCOOCCOCLOOLLL EEEEEEEEEE£888 OCOCOUOOUODCOCCLOCCCOU0EOCGO00000GCUCOCGOGLETC00000GCGO00C00GOOL00000C0U0000CO00CO0C0000COCETTET XXXX XXX XXX X XXX XXX XXXX ++++++4 4421

BERH 43444 AXXXAKXXXXXXXXXRXXXXXXXKXAXKXXARXKXXXXXX COGLOGCLLOCCOODOCCOOCLCCOCLCOLOCOU BB68666€666E68688686 CCUUCUCOGOULOLTOGOUG0C0LCOCUOCOCCOOGC0000000000000000000000000C0GC0000O0000000000000000CO000 XX XX AX XK XXX XXX XK XXKKXK XXX + 444454444

BEF+H+ ARAXKAXKKK KRAXKKAAAAX XX AKX XX R ARKXXKK OOOCLCOOCOCCO0OOCCC00CEU0OUCO0EGO0 £560COEEEBEEE8E8868 CLLUUCCOUCCCOLCCCOOoooCoOoonOnooonoonoos OCCOOCOCCO0COCLLCCO0CLECOUCUCLCCOOU LI MNAXKRAXA XX AXX KX XXX AKX XXKEXXX 4454+ 444 1

BEE DOAXKARKAXAKAAXXKAXRK KA EAXXXXAXRAXAX COOLGCUOCLUDCLO0COCLO0LCC00C00C00C0 ESECHBECEECOBBBEEERBBES CLUTOLOCGCLROGO000B000GR0CO0ODB0CH000L0an0 XXAXXKX UO0CU00C008000CCEC00000CA000C000UBUCUNOTE XX XX MAMXX XX KL KK AX K XXX ANXKK +4 444431
AEREISESRSRERENEREEEEX XXX XXX XXX XXXXX CCOCODCUCOLOCOCOLCO000C0L0GL0000 EEEREDBEEECDEBREEEEE88S (COCOCOCOECOROCOODODOOCOUCoCODOD00 XXX EX XX XXX GCOOGLG0000000CC000G0G000CC0NOTCDB00R0NGEE XX XXX X XXX XXX XXX AXXXAXK XXX XXX +++241

AAANEREBEXXXXX OCCCCCOCCLCCCOCOCCLOCCLOCOLCLT EECEEGEEEEEECE8BE8E66886€6 COUNO0TUOCOCCO0O0UCOUNOC0LCO0CE00 XXX XXXXXXXX COCOCO00G000CCO0GCC0CCCCC00COCOGOG00 AERXRXXAXKXKXKXKXXXKKX KX XXX AKX XKXXK  +4#+1

SSEANSNNCCCCOCCCO0CO000LC0COCCOCC0C BBECEEEEEBELE0EEBEEEEBEEEEE COODOCCLLOCLCCCOCLLOCO00NG00000 XXXXXXXXXX XXX CGOCOC0000CCGCH000G00CCLCGCOGEGa00 ARXKKXKKEXKG 2 X RKX XK LXK K KKK KKK AR KKK KX &

SSEESESSCCCOCOCOOCCOCLO000 668E6C0EBE00EE0EEEEE6E66668866 CUUUCOOOCUO0000000O00CON0000OG0 XXXXXXXXXXXXXXX CGOGOGO00CCCoD0C00COCO00CGOOC0000 KAXXKXKE K KKK KL KK KK EXEXEX KRR KKK XXX AN T

SESNNNNRCG00L000C 66E6EEE666C0E0E0EEEEECE066EEEE OUOOUCUCOOO0CCOCO00CCCOOCEOGOL XXXXXXXXXX XXX XXX O0O0000000C000600000C0CGGOC0G00 KAXRXXRXKRXK R A XXX X EXE R KKK KR XK XA A XX

BRECC000 BOGEBCECECEECEEEEEECEEEEBEEEREEES CGOOUTOLUTCOCOOCCOCCO0GO0000O0 XXXXXXXXXXXXXXXXX CO0O0CCOCCCCOOCOCCCCCCCOonons AXXAXXXXXKKK XXX KKK XK XXX KXKK XXX XX XX XKXXHNX T .

BB800 E6EEECEENEBCEEECCEC8EEEE66666666 GOUOOOLOGOCUOUCOBUO00000N000 XXXXXXXXXXXXXXXXXXX OCLOCOOLOCO00CCOCOCOCCGOo0agn AXAAXKKKAKKKXKKXK KA KKRKAKE KK KKK XXX XXX
BERCEEECREEEEECOEEEEEE0EEBEEBEBE888 UDOODCCOLCCCOOO0UCLODOCO00N XXXXXX XX XXX XXX X XXX XX O00000C000000000000000000 KERKEXAXKXXRKEXK KK XK KKEKK KKK KKK AKK XA XXX +
#BBCCEECECEEBEEEEEEHEECENE6E6688 000000LCOCUUCON0C0COCOCCO00000 XXXXXXXXXXXXXXXXXXXXX GOGOCCLCOGGOCOCGOCOGG0 AXXXXXAXEXX KX XXX K K XXKKX XXX XXX KK XXX XXX XX I
SEEEEECOCEECEEEEEEBEEEEEEEEEE CUOCLOCLOCOOOOOCOOCLCOBO000B0 XAXKXXX XN AXXXXAXXXXXXXX O0OCCCOUGHCOGGOCGGOGo KXEXKXMAE AKX KA KKK KK XK AXKKKXK AKX XXX XK KK XKXAXX T
BECEEECEBRECEEEBEEEEEEE6668 0U0LCOCLOUCOO0O0O0OT00000000 XXX XXX XX XXX KX XXX RHX XXX XX COGCCoGoCocoue HEXEXRXEHRKK KKK KXKEK KKK AKX K KAXKXK KKK KE AKX XXX T
BEECEEEECECEEEEEE08088888 JOUUOUCGLO0CU000CCGUCCLO00000 XXX XXX XEX XX XXX X XXX XXX XXX XX KX KAXKKARKKK X XXX KKKXAAAKXAARK LKA XKK R XK KKK AKX KT

BECEEEEEECEEEEEEEEE68868 UCUUUETUCLOCCOOOUOLLCLCCCOOooos AXAXXXXKKKXKKKAXKKKXXKKXXKE XKL KK KKK N ERARKEXKX KKK E K KKK KKK KX HKK X KX KKK KK KKK XKKKX KKK KNS

#8cEocEcEEEBEE8E88888 COOOOOLLLLOCCCUGLTCCUOOTGO0BOBOCO XK KX HK KKK 326 KKK KKK XK XK K KKK X KX X KX KK KK KKK HEH XM H I KKK KKK LK KKK XA KKK HHE NN T
HEEEEGEE€EBEEEEBEEE CCCOCOCCOCCLCOOOCOoooOLConoonon AEXKKKKEKXXXKKKX XXX RXKKK KK XK XX KXK KRR AKX XKKKXXKKKKKKKK KKK K KEK K XKKXKE KKK X KKK AKX KA KRR XRX KKK T

SHEE£CE£6€086668088 000000000COC000UB00OCOUOCC0UNUNO0 XXXXXXXXXXXXXXXX OBO XXXXXKXXXXXXXXXXXXXXXJXKXXXIXXXXXXXXXXXXXXXXXSXXXXXXXXXXXXXXXXXX!I'i

BREEEE8BEEBEEB COCOQCROOOLCOCOCLCOOUDCLCOCCOLUCOUEL XXX XR X XXX XX Goooo00 XXXXAKAKKEKNKAAKKKKRAKERK K HAXKAA KA KA KKK AKX KKK KKK AKX XK AKX KKK KRK T
REEEeEe88E8 0000000000000 CUCCOUCO00CUCGOCO00LE00 XXX XX XX DOGCOEO0000 XXXAXXXXXARKX KKK XK KKK XK KX XK KX K AXIXKX XXX KX KKK IAAXRXX AKX XXX XXX XK
REcEgeaeE8e CCCOCCCOOOCLCOUOCO00CD000GCoE0to0Co00060 COOUOOCOCCO00UCA0XAXXX XXX XXX XXX X KKK XK XX KK X RAX XX KK KKXKX KKK HXEAXKXKAXKX XXX XXR XXX XK T
8868868 OOCOCCOOO000CO0COCONCLBGO0LCGUOBOGRLCOOLCCR0O00UGIDOUCCOCCDooon KAKKKXXKXXKXKXRKKAKX KKK KRR K KAXKAK KUK KA KKK KKK KX EXKAXK XA AR KKK ]
#8888 DOLCOCCOODOOCOOCOCCOC00UCO0LLCCO0CEOCoCO00O000000ND0G0000000000 HREAXEAXXKHARERKX A XK KAAXK KL XXXXKR KR RRK KK KKK XK AKX XA XX KA XX L

®X& COCCCUCCOCOCOLCGCLOCCLUCCCOootuuiooniCCooocOuCO00E0UCoCooinonon POSS PSPPSR PO I eI ENIEEDITEESEIOEFITSIEETETTOIECIVEI I

#CCOOCODO0OLGoOD0LTOCo0O00CO00CRCO0UD0OCU0LCE0OCCO00UNLTCOB0000LonG PSS IS IIVIPIOEEEEEPITEFFIELEERIEOREFEEETICTITEIETOLEE T IT O F 17
ROCOOCOCODOCLLLO0CCLO 00000000000 UN00LCOLCCCo0COLULN0DCooDLoBR0ons HKEEKXXKKARAKK KKK AKX KK A KRK KK KKK EARKRK KA ALK KRR ARAXX KA RAAARRAXT
WCOOUCOLOCCCoDCUCCOCLOODO0ToLooU0DBECLEOL UL CO0DOCLo DD OCCOooonuGnno HAKKAKAAAKXXAKLKAKKEKK KK XEKKKK LKL KA RREAK KKK KR EAKAARKARKT

——ﬂiDDQDGQDQﬂQDOGEGQEGGDUEEGGGGGBGBGG&GEEQﬂQﬁﬁﬁﬁﬁﬁﬁOﬁEﬁﬁGﬁGGEﬂﬁﬁﬂﬂﬂe.XXXXXXXXXX}XXKXXXXIxxx%XXXXXXKXXKK&XXXHKXXXxXXXXXXXXXXXXXXXX1

|OCOCCOOCCOLOCCCo0BOUDLoC0L o000V ECoULGRECEoCBO0BCO0CoCCCCooLuone KAKXKKKRKAKKKKXKXKXKKAKAK A TELARKKKAKK XA KRR XK KX AN AKX XXX K AKT
®OODOOCOOLCOD00CTC00L0000000CC00C0UGOCUCCCCO0000BOC0CCCCOCOCTOO0UN XK XX XXX K X X KK X X X XK X KKK X X X K X XK KK XK XK XK X KX K XXX XK K XK KX HHK KKK+
BOOODOCOCODCCCO0CO000LDoLCOCoO0COCLCLOLOToooO0oDUCOLo0uOtsonn KEXXUAKKXKKAKKARKKKAZKRK LK ALK AR KK AAAKE AR R KB R XRAKXERA AKX AR AXRKRNNT
®OOCOCO0OLCOOOO0L0000C000CODC0000C0C0OECO00CDD000C0CCO0C0000000 XX KX XM X X K XK XK XX XK XHAKX K KUK XXX KX K KX KAX KKK EAK KKK KX AKX EANXAX T
RO0COD0O0OCOCLOCC0B0000LUL00UCOCDOOCCOCCO0CU0D0COGCCTOUCLO00OU XXX XX XX X X X X XX X X X X X X XX X X XX KX X X X3 XK 0K K XK XK KKK XXX XX XK XXX XX T
BOCCOOLOCOCLCCo0t00oLO00DC00COUoOoCLoLLCOLODLLOCRDoOUCOToC0Onon HAEKAKKKAKKEXKRK LKL KXK K AKX LXK LKA RKK KKK X KKK R ARE R XXX AT
®00000COC0CC0LC0000000000C0CCOCO0000UCO0000CCO00COCOCOD000OE XX XK XX X XX X X XX X X X XK XK KK X X XK XK K KX KKK XXX XK KKK XK KKK KKK KKK MXKX KX T
BOCDO0COOCCOUCCODDCODBC0L0CN00BOLCO00COO 00000000 COCCDO0D00 XXX XXX XXX XXX XXX KKK X KKK XX KX XXX K XK XK N A KK LK KKK XX KK KKK XK KKK AN T

WO O000COOLOLoCCO000CCoDONLULOL0CCOOLLOLCLL0BLC00LEC0EN0D0000 XXX XXX X XXX XXX XXX KX X XXX AKX KR X KKK KX XX XK XX KK AKX XXX KK AR XK KX XAKT
WOCCOCCOCCOLCO000L00CECO0CODCOLCO0CCLOCOO0CU000CUNCT000000 XAXX XXX XAX K XXX X XA XXX KKK XXX KR XX KX XKAX XK KU RKKXEXXK AKX XX AK XXX XNT
FD000OCOCCOCCODCO00DO0CoC000LCCOCCCCCODLDUDCCCECLOCO0N0ED XAKK XXX X R KA X XXX XAXK XA XK A RKX XXX K XXX K XXX XXX KKK XXX R KKK AKX KK RX XA RRT
BOGCOLCCCOCLOO00CO00EOUCOCLC0UNGECCOL0C00000OD0CECCC000ON XXX X% XXX XX E XX XXX XXX XKL XK EAX XXX KX XX XE XXX XA K KR AR AR AKX A+

2857150E MINUTES FUR MAP

ISOPACH OF THE LOWER MEMBER OF THE GOLDEN VALLEY FURMATION

DATA VALUE EXTREMES ARE €200 7100

ABSOLUTE VALUE RANGE APPLYING TG EACH LEVEL
(*MAXIMUM® INCLUDED IN HIGHEST LEVEL ONLY)

MINIMUM Qa0 10200 20200 4000 4000 5000 6000 7000
MAXI MUM 10.00 2000 30900 4000 000 6000 7000 80,00

PERCENTAGE OF TOTAL ABSCLUTE VALUE RANGE APPLYING 7O EACH LEVEL

1250 12.50 12-50 1250 12,50 12.50 12.50 1250
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