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Introduction

Volcanic ash, bentonite, limestone, dolomitic lime-
stone, quartzite, onyx, and agate are found in an area
at the headwaters of Patten Creek, 8 miles north of
Hartville, in Platte County, Wyoming. These miner-
als have a variety of industrial and construction appli-
cations. Onyx and agate, semiprecious stones, also
oceur in the area.

This report describes the geology and mineral
resources of the upper Patten Creek area, located in
secs. 4,5,6,7,8,9, 16, 17, and 18, T.28N, R.65W, and
secs. 31, 32, and 33, T.29N, R.656W. The area is
adjacent to Wyoming State Highway 270; itis 14 miles
from the Burlington Northern Railroad siding at
Guernsey, Wyoming, and 29 miles from the Chicago
and Northwestern Railroad siding at Manville, Wyo-
ming (Figure 1).

Funding for the field mapping, drilling, trenching,
and sample analyses was obtained from the Town of
Guernsey through a Wyoming Economic Development
and Stabilization Board (EDSB) planning-only grant.
The author appreciates the help given for this project
by the Town of Guernsey and especially by Mayor
Darrell Offe.

Information from the drilling and trenching pro-
grams, and sample analyses were given to the Geologi-
cal Survey of Wyoming by the Town of Guernsey. The
Geological Survey of Wyoming provided the field map-
ping and technical advice for the drilling and trench-
ing projects.

Geology

Rocks exposed in the study area include the Per-
mian-Pennsylvanian Hartville Formation; Tertiary
and Quaternary sediments, undivided; volcanic ash of
probable Tertiary age; and other Quaternary deposits.
These are shown on the geologic map (Plate 1, back
pocket ). A discussion of each of the mapped units in
the area, ordered from oldest to youngest, follows.

Stratigraphy

Hartville Formation

The oldest rocks exposed in the map area belong to
the Permian-Pennsylvanian Hartville Formation. The
formation was named by Smith (1903) for exposures
near Hartville, Wyoming, 8 miles south of the study
area. It was subdivided into six informal units by
Condra and Reed (1935), numbered from the top
(division I) to the base (division VI). Only divisions II
through VI are exposed in the study area.

Division VI

The Hartville Formation division VI overlies the
Mississippian-Devonian Guernsey Formation with an
erosional unconformity. At exposures outside of the
study area, relief on the surface of the Guernsey

Formation may be as great as 120 feet. This uncon-
formity is developed on a paleokarst surface. There-
fore, the thickness of division VI can vary by as much
as 120 feet. The thickest exposures of this unit (also
120 feet) are in the vicinity of the Sunrise iron mine, 7
miles south of the study area. Near Manville, 26 miles
north of the study area, division VI is absent.

Division VI consists of red and red-and-grey mottled
quartz sandstone, with local calcareous zones and
orthoquartzites. Itis medium bedded to massive, with
the bedding planes often highlighted by red and grey
alternating layers. It weathers to a dark red, with the
mottling and banding not apparent on weathered
outcrops. Division VI quartzite is very resistant and
forms a vertical cliff overlying a talus slope that
usually hides the contact with underlying units. The
age of this unit is uncertain (Doyle, 1987).

In the study area, only the top of the division VI
quartzite is exposed (Figure 2). This exposure is at
the base of the hillsin SE 1/4 sec.17 and SW 1/4 sec. 16
(Plate 1). There, the unit forms a 10- to 15-foot-high
cliff.

Divisions V and IV

The Hartville Formation divisions V and IV were
mapped together (Plate 1) due to their lithologic
similarity and lack of a marker bed at their contact.
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Both of these divisions consist primarily of unconsoli-
dated red, gray, and purple shale, limestone, and
dolomitic limestone, with minor thin impure sand-
stones. In the study area, these units are usually
covered with talus from the overlying Hartville For-
mation divisions II and III. The best exposures of
divisions V and IV are south of the conical hill in the
SE 1/4, NE 1/4 sec.17. Divisions V and IV combined
are about 1,325 feet thick in the study area. They were
assigned an age of Atokan by Condra and others
(1940).

Divisions III and II

Hartville Formation divisions III and II were
mapped together (Plate 1). Both divisions consist
primarily of carbonates with minor shales and sand-

Figure 2. Top of the Hartville Formation division VI
quartzite in the upper Patten Creek area.

stones. Only the lower part of division II is present in
the mapped area. Division III consists of gray high-
calcium limestone, yellowish gray dolomitic limestone;
and minor red and gray shales, gray sandstones, and
dark gray to yellowish gray dolomite. This unit forms
ledged slopes (Figure 3).

Division II is composed of gray dolomitic lime-
stone. It is characterized in other areas by thick,
massive, resistant dolomitic limestone at the top of the
unit; this bed is not present in the study area. The
lower part of division II, which is present in the study
area, is composed of medium- to thin-bedded, gray
dolomitic limestone with minor red and gray shale,
gray sandstone, and gray limestone. Division III has
been dated by fossils as Desmoinesian, while division
II is Virgilian and Missourian (Doyle, 1987; Condra
and Reed, 1935).

Figure 3. Drilling in the upper Patten Creek
area. Low ledgy outcrops of Hartville Formation
divisions Il and Ill occur on the hills in the
background.




Tertiary and Quaternary
sediments, undivided

Lightbrown unconsolidated silts, clays, and sands
surround the Hartville Formation highlands in the
study area. These units were mapped as Tertiary and
Quaternary sediments, undivided. The same units
were mapped as Oligocene and Miocene, undivided, by
Denson and Botinelly (1949). In the study area, some
of these units are Quaternary windblown silt (loess)
deposits or Quaternary alluvium composed of reworked
Tertiary material. These often cannot be distinguished
from unreworked Oligocene and Miocene units, par-
ticularly in grass- or brush-covered areas.

Tertiary volcanic ash deposits

White volcanic ash overlies Tertiary and Quater-
nary sediments, undivided, in four exposures in the
study area (Plate 1). The volcanic ash is locally
covered by Quaternary colluvial deposits. The vol-
canic ash consists of crudely bedded to massive, con-
solidated to semiconsolidated material composed of
fine, angular, glassy grains.

The ash weathers white and blocky (Figure 4). It
occurs in lenticular pods up to 14 feet thick, with a
lateral extent up to 100 feet. These deposits are not
continuous and do not constitute a large resource.

The ashes were dated at about 3 million years old
(Glen Izett, U.S. Geological Survey, personal commu-
nication, 1989). The nearest described volcanic ash
deposit is located about 23 miles south of the study
areain NE 1/4, SE 1/4 sec. 7, T.25N, R.66W. That ash

isidentified as the Lava Creek B ash of the Pleistocene
Pearlette series ash (Izett and Wilcox, 1982). The ash
inthe study area predates the Pearlette series of ashes
and is Pliocene in age.

Quaternary colluvial deposits

Quaternary colluvium, which consists mostly of
displaced blocks of limestone and other durable rock
talus from the Hartville Formation, is found below
outcrops of that formation. This material overlies
some of the Tertiary and Quaternary, undivided,
sediments and locally overlies the volcanic ash depos-
its.

There is a deposit of colluvial material containing
weathered to unweathered Precambrian and pre-
Hartville Formation boulders and cobbles onthe south-
west slope of the conical hill in the NE 1/4 see. 17
(Plate 1). The presence of this material in this locality
is unexplained. Some of the Precambrian boulders are
soft amphibolite- and pyrite-bearing altered igneous
rock and so could not have been transported very far
from their place of origin. The nearest Precambrian
outcrops are 2 miles to the east. There is no evidence
to suggest a diatreme at this locality other than the
pervasive limonite alteration of the fine-grained sur-
face material at this locality.

Quaternary landslide deposit

Alarge mass of blocks of carbonate rock in the NW
1/4,SW 1/4 sec. 8 (Plate 1) is mapped as a Quaternary
landslide deposit. The material in this slide is com-
posed of blocks up to 20 feet across. This type of

Figure 4. Volcanic ash outcrop (backhoe beginning to dig trench 1).
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landslide is classified as a block slide (James C. Case,
Geological Survey of Wyoming, personal communica-
tion, 1989).

Structure

The Permian-Pennsylvanian units dip west-north-
west at about 5 degrees. The upper Patten Creek area
lies on a homoclinal slope between the Whalen anti-
cline to the east and the Broom Creek syncline to the
west. No faults or changes in the regional dip were
noted in the Hartville Formation in the map area.

The Tertiary and Quaternary units, undivided,
and the volcanic ash beds appear to be flat lying.
However, the elevation of the voleanic ash decreases
from 5,265 feet above mean sea level in the northern-
most two exposures (SE 1/4, NE 1/4 sec.7 and SW 1/4,
NW 1/4 sec. 8) to 5,240 feet in the exposure on the
south-center section line of sec. 8, to 5,190 in the
voleanic ash occurrence in SE 1/4, NW 1/4 sec.17. It
isnot known whether this represents a regional north-
south tilting of this area since the Pliocene or deposi-
tion on an uneven landscape in the Pliocene.

Mineral resources

Volcanic ash (pumicite)

Pumicite has several somewhat conflicting defini-
tions. As used in this report and in industrial termi-
nology, pumicite is a term related to particle size.
Volcanic ejecta less than 4 millimeters in size is
pumicite, while larger particles are pumice or scoria
(Peterson and Mason, 1975). This means that the
voleanic ash oceurrences in the upper Patten Creek
area are pumicite. The term voleanic ash may be used
by geologists to the exclusion of the term pumicite.
Tuff is another term used by geologists for consoli-
dated voleanic ash.

The industrial properties of pumicite are high
abrasiveness, low density, and high insulating capac-
ity (Peterson and Mason, 1975). Pumicite is used
primarily as a filler in concrete blocks and cinder
blocks, and aslightweight aggregate (Meisinger, 1989;
see also Vaudrey, 1950). Pumicite is also used as an
abrasive, such as in soap and cleansing powder, and as
decorative stone. The total U.S. production of pumice
and pumicite in 1988 was 440,000 short tons, while
387,000 short tons were imported. Pumicite is a very
transportation-dependent commeodity since freight
rates for high-volume/low-density commodities are a
large percentage of the cost to the consumer.

Wyoming currently produces no pumicite. There
are about thirty occurrences of pumicite in Wyoming
outside of Yellowstone National Park (Harris and
King, 1986). Most ofthese are located in northwestern
and western Wyoming.

Five separate occurrences of volecanic ash were
found in the study area; four of these outerop, and are

mapped on Plate 1. One occurrence was located dur-
ing the drilling program in drill hole F3 (Plate 1 and
Appendix A).

Quality

Trenches were cut into the occurrences around
drill holes Al to A3 and D1 to D5 (Figure 5, trench
locations shown on Plate 1). Samples from the drill
holes and trenches were analyzed by a commercial lab
for major elements and potentially deleterious trace
elements (Table 1).

The ash is thyolitic in composition, with a variable
proportion of calcite. The calcite occurs in the matrix
of the ash and was probably introduced into the ash by
ground water after deposition of the ash. Thin beds of
limestone are present in the ash.

Quantity

Surface exposures, drillinformation, and trenches
indicate the total amount of ash present in the area is
356 tons. This amount is present in five separate ex-
posures, including one in drill hole F3. The largest
resources arepresentattrench 1 (60 tons) and the area
of trench 2 (280 tons).

Uses

Due to the small amount of material present, the
voleanic ash deposits in this area are best suited to
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Table 1. Chemical analyses of volcanic ash samples. Due to analytical procedures, whole-rock element totals for each sample
may not total exactly 100%.

Sample  SI0, A0, CaD NaO KO  Mg0 FeO, MmO  TIO, Ba Cr P,0, 5 Lol

number % % % % Ya % % % % % % % % %

Af-27 60.94 13.91 241 0.86 2.16 285 435 0.09 0.60 007 004 0.33 <0.01 11.05
A3-15 63.63 12.86 2.03 0.86 233 277 376 0.04 0.56 012 001 0.08 <0.02 10.38
A3-30 59.75 210 18.73 0.01 1.09 0.01 0.24 0.02 0.08 0.02 001 0.05 <0.02 18.77
D1-36 23.07 392 36.83 0.01 1.16 1.54 1.04 0.01 0.19 001 001 0.22 <0.02 30.80
E2-45 23.01 482 35.23 0.01 1.07 1.75 1.54 0.04 0.23 001 001 010 <0.02 31.19
F2-11 61.19 1.79 6.29 0.95 402 1.59 1.39 0.06 0.20 005 0,01 0.05 <0.02 11.60
T1-12 61.90 11.00 7.64 0.82 4.92 0.29 0.74 0.07 0.10 0.09 001 0.04 <0.02 11.13
m-2 57.03 10.00 11.33 0.89 4.67 0.23 0.62 0.06 0.09 009 001 0.07 <0.02 13.43
T1-3 62.83 13.64 2.01 0.93 2.23 262 3.96 0.08 058 006 001 0.02 <0.02 10.41
T1-4 61.25 10.77 7.96 1.05 4.96 0.39 0.74 0.06 0.11 009 001 0.04 <0.02 11.33
T1-5 59.57 10.54 9.59 1.26 4.89 039 063 0.06 0.09 009 001 0.04 <0.02 12.33
T-6 56.18 992 12.04 0.89 4.58 0.41 0.60 0.07 0.09 0.086 001 0.03 <0.02 14.13
T1-8 38.81 7.16 25.14 0.06 318 007 045 0.04 007 005 001 0.04 <0.02 23.47
-8 60.80 10.96 7.79 0.96 4.78 063 066 0.06 0.09 009 001 0.04 <0.02 12.39
T1-10 66.17 11.81 374 112 5.39 052 068 0.08 0.09 010 001 0.02 <0.02 9.33
T1-11 59.19 10.54 9.68 1.23 4.94 040 060 0.06 0.08 008 001 0.03 <0.02 12.78
T1-12 50.98 8.96 17.67 1.0 433 025 057 0.05 0.08 0os 001 0.03 <0.02 15.57
T21? 28.07 5.90 32.03 0.20 1.85 085 085 0.06 0.14 003 0.02 0.10 <0.02 28.75

T2-2 58.79 12.00 589 052 321 235 1.53 0.05 0.21 007 001 1.10 <0.02 14.32
T2-3 58.21 12.06 6.06 0.46 295 252 1.7 0.06 0.24 006 001 0.12 <0.02 14.73
T2-4 49.75 9.68 14.53 0.63 3.16 1.45 1.25 0.04 0.17 006 0.01 0.10 <0.02 18.16

T2:5 59.76 11.78 5.86 067 3.56 1.96 1.41 0.06 0.20 007 o1 0.13 <0.02 13.48
T26 64.73 12.24 3.16 1.10 457 137 087 0.06 0.12 010  0.01 0.04 <0.02 10.91
T2-7 66.82 12.72 1.33 0.8 4,66 1.43 0.78 0.05 0.12 0.09 001 0.01 <0.02 10.01
T2-8 59.68 11.40 6.99 1.07 416 138 074 0.05 0.10 008 0.01 0.03 <0.02 13.75
T29 29.46 3.25 33.68 0.01 0.65 069 090 0.01 0.13 002 001 0.14 <0.02 29,58
T2-10 47.56 8.82 17.35 0.67 3.70 089 055 0.04 0.07 007 001 0.03 <0.02 19.53
T2-11 55.69 10.22 10.64 1.04 410 127 079 0.04 0.10 008 o001 0.03 <0.02 15.23

T212 60.71 10.96 6.87 0.95 451 104 066 0.05 0.09 008 001 0.02 0.03 12.63
T2-13 67.24 12.61 L3 1.04 489 128 o7 0.05 0.10 009 001 0.01 <0.02 9.52
T2-14 67.47 12.61 113 1.09 492 127 9OM 0.08 0.10 010  0.01 0.01 0.02 930

T2-15 66.94 12.62 1.19 1.26 473 145 074 0.07 0.1 013 001 0.01 <002 9.64
T2-16 66.69 12.74 1.65 1.15 4,76 138 0486 0.05 0.13 010  0.01 0.03 <0.02 9.49
T217 65,50 12.31 261 1.33 4.75 135 073 0.06 0.10 010 001 0.03 <0.02 10.46

Te-18 62.35 11.76 4.90 0.96 4,38 1.32 0.68 0.05 0.10 010  0.01 0.04 <0.02 12.33
T219 64.91 12.92 1.59 0.82 3.86 2.09 1.39 0.08 0.20 0.08 0.01 0.13 <0.02 1.7
T2-20 66.46 12.74 1.23 0.96 4.40 1.70 0.76 0.06 on 009 001 0.01 <0.02 10.68
T2-21 63.17 12.52 1.83 0.70 2.25 21 3.54 0.04 0.50 008 001 0.15 <0.02 11.45

T2-22 a8 7.42 24,97 0.15 289 064 054 0.05 0.08 005 002 0.05 <0.02 24,39
T2-23 64.49 13.02 1.90 0.89 401 209 09 0.06 013 009 001 0.02 <0.02 12.05
T2-24 56.11 11.33 7.58 0.43 1.91 274 2.76 0.05 039 018 0.01 055 <002 14,95
T2-25 60.21 13.43 1.88 0.78 224 319 387 0.10 0.55 013 0.01 0.08 <0.02 12.95

Average  56.54 1057 9.88 .78 361 1.35 1.26 0.05 0.18 008 0.01 0.08 <0.02 14.68

' A - Frefer to drill holes located on Plate 1 and described in Appendix A. Numbers indicate depth in the hole at which sample was taken.
2 T1 samples are from trench 1, shown on Plate 1 and Figure 5.

* T2 samples are from trench 2, shown on Plate 1 and Figure 5.



local uses such as abrasives and ceramic glazes.
According to Walter Johnson of Guernsey, former
owner of the ranch in the east 1/2 of sec. 6, this
material was used by his father in the early 1900s to
sharpen plows. When fired, the ash melts to a trans-
parent turquoise-colored glaze,

Bentonitic clay

Bentonite is a rock consisting of a mixture of
montmorillonite clay that is characterized by high
plasticity, high ion-exchange capacity, high viscosity,
and high swelling capacity when wet. Bentonite has
a multitude of uses. The primary use is as a mud for
well drilling. Bentonite is alsoused as a binderiniron-
ore pelletizing and foundry sand. Bentonite is used
increasingly as a sealant or liner in waste-isolation
and management projects. Other uses include min-
eral fillers, clarifying agents, paper coatings, animal
feed additives, sewage treatment, printer’s ink, and
paint filler (Sargent and others, 1976).

In Wyoming, bentonite is mined and processed in
the Black Hills, eastern Bighorn Basin, Kaycee, and
Casper areas. Wyoming produces more bentonite
than any other state.

Bentonitic clay is found in the Tertiary and Qua-
ternary sediments, undivided, in local areas. The
amount of bentonitic clay present in this area is large,
as some of these units were found by drilling to be up
to 40 feet thick (drill hole G, Appendix A). These
clayshaveneverbeen tested to determine their chemi-
cal composition orrheologic properties. However, they
have a different occurrence than the bentonites cur-
rently mined in Wyoming, so they may have unique
properties. They should be examined for use as a
source of bentonite products or additives.

Limestone

Limestone is a rock consisting primarily of the
mineral calcite (CaCQO,). It is an industrial mineral
that has a wide variety of uses. Limestone is the most
common type of stone produced in the United States.
Only Delaware, Louisiana, and New Hampshire pro-
duce no limestone (Carr and Rooney, 1983). In Wyo-
ming, limestone is produced for construction aggre-
gate, especially for highway construction, and for
power-plant emission control. Limestone is quarried
in Montana north of Frannie, Wyoming, for use in
sugar beet refining. Limestone is quarried elsewhere
in the region for use in calcining phosphate and in the
production of dehydrated lime.

Limestone in the Hartville Formation divisions IT
and III may be used for any of these products. An
analysis of a limestone from the Hartville Formation
division II is given in Table 2. This and other lime-
stone beds in the area may constitute an important
resource.

Table 2. Analysis of Hartville Formation division Il limestone
sample (taken at designated location, Plate 1).

Element CaO LOl Fe0,

Waight
percont 4932 3990 033

S0, A, WO MO NeO PO, TO,

859 028 069 002 006 007 002

Dolomitic limestone

Dolomite is a rock consisting of the mineral dolo-
mite (CaMg (CO,),. Dolomitic limestone is a limestone
containing more than 10 percent and less than 50
percent mineral dolomite. Dolomitic limestone is used
as aggregate and in the production of magnesium
lime. It is preferred for sugar refining in the eastern
United States (Carr and Rooney, 1983).

The thick beds of dolomitic limestone, which con-
stitute most of the Hartville Formation division Il and
a portion of division III, are potentially useful for
construction aggregate. They are hard, and crush into
equidimensional pieces. Rocks from this unit are
being used in highway construction throughout east-
ern Wyoming. Since the upper Patten Creek area is
close to Wyoming State Highway 270, the area may be
considered a source of aggregate for the highway as
well as other roads in the region.

Quartzite

Quartzite is a term for a rock composed primarily
of quartz. As used in this report, quartzite is a
sedimentary rock consisting of grains of silica sand
cemented togetherby atleast 10 percent silica (Thrush,
1968). This rock is also called orthoquartzite.

The Permian-Pennsylvanian Hartville Formation
division VI quartzite exposed in the southern part of
the map area has been considered for use in construc-
tion aggregate, railroad ballast (Harris, 1986), and
decorative stone. A 15-foot-high face of quartzite on
the south section line of sec. 16 (Figure 2 and Plate
1) mightbe a good place for an aggregate or dimension-
stone quarry.



Semiprecious stones

Onyx

Onyx is a semiprecious mineral composed of either
banded quartz or banded calcite. Banded caleite onyx
is often called Mexican onyx or onyx marble (Thrush,
1968).

Dark brown calcite onyx occurs in the SW 1/4, NE
1/4 sec. 32 (Figure 6). This rock, called root beer onyx,
makes an attractive decorative stone, and if sufficient
amounts are present, an attractive crushed aggregate
for use in precast concrete. This onyx was quarried in
the early and middle 1900s by the Jay Em Stone Co.,
Jay Em, Wyoming, for tombstones. It was also quar-
ried by Basins, Incorporated, of Wheatland, Wyoming,
for decorative rock and may be seen as the facing stone
on Fowler's Department Store, northwest corner of
17th and Carey Avenue, in Cheyenne, Wyoming. Other
occurrences of brown onyx were located by the author
in secs. 32, 4, 5, 6, and 8. (Plate 1).

Agate

Agate is a semiprecious stone consisting of vari-
egated bands of chalcedony. Fortification agate
(Figure 7) is found on the top of the hill in the NW
1/4 sec. 5. Fortification agate is concentrically banded

agate that appears, when cut, to imitate the outlines
of early defensivefortifications. The fortification agate
found in this area is banded with blue, salmon, and
white layers. This agate can be used in jewelry and
small ornaments such as desk sets. Limited amounts
of this material are found in the area. However its ap-
pearance makes it attractive to the mineral collector
or small-scale stone processor.

Figure 7. Fortification agate from the upper Patten Creek area.
(Photograph by Wayne M. Sutherland.)

Figure 6.

Brown onyx boulder from the upper Patten Creek area.
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Other economic factors

The upper Patten Creek area is located close to
highway transportation. The cost of industrial miner-
als produced from this location would be less than
similar minerals produced from a more remote loca-
tion. Similarly, rail transportation is available 29
miles north (Chicago Northwestern Railway at Man-
ville) and 14 miles south (Burlington Northern Rail-
road at Guernsey).

There are no wilderness or roadless areas nearby,
requiring special environmental protection. Small
amounts of water are available from wells and springs
inthe area. A water pipeline serves Hartville, 8 miles
by road from the study area. Electrical power lines
and natural gas and petroleum pipelines are nearby.
If a mineral development takes place in this area, a
power, water, and land infrastructure should not be
too costly to install.
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Appendix A

Lithologies in drill holes

EXPLANATION OF LITHOLOGIC SYMBOLS USED IN APPENDIX A

Conglomerate / gravel

Veleanie ash

Sandstone / sand

Siltstone / silt

Claystone /clay / shale

Limestone

Sandy siltstone / silt

‘ Vertical scale
Silty or sandy claystone / clay / shale in feet

9]

Silty sandstone / sand

-
@ Calcareous cement or caliche
~~~e Unconformity =10
——— Formation boundary
—— Lithologic unit boundary
=20
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Al Lithology Age Description A3 Lithalogy Age Description

5200 ¢ 5215
o "
. 20
he9e
o 5210+ Quaternary Colluvium
229 qguaternary Calluvium
P ® D
=
o Vs
L
590 - Q’a R, W S
oy e
)
T o8 T,
S ¢ _® Siit, fining downward 1o clay
Pliocene Veleanle ash 5200_j
_§ 3 = Tertiary and
E = = Quaternary
s = |- sediments, undivided
= o ==
frr H =
[T} |=
Tertiary Light brown sandy silt 5190 —_ —
Light brown io brown clay
5|35-1?}7;~.;' R N N Y Y
Pliocene Volcanic ash
; 5180
r = Fining-upward sequence lrom boulders
5162 o Tertiary 10 silt, light brown
1 1 P i -
5175 == P:;Tsnyrl‘vnninn Hartville Fm., Il and lll. Gray limestone
clogy L] sscription
A2 Lithel Ag Dascripti
5203
"I
=]
b 9 g
e (7
0
R
b oY
7 it Quaternary Colluvium
o [}
O
2 5930 9,
£ RNe )
E tz°
} villss
a7 .. -
o Y87 ?q'ﬂf Bliotans Volcanic ash
51B3
Tertiary Light brown sandy sifi
5175-1=

Lithologies in drill holes A1, A2, and A3.
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Bl Lithelogy Age Description B2 Lithelegy Age Descriptien

5285 155 53050
a° d N Q¢
] a o a
Q - Ooﬁ e
5280 0o 0 5300-° ¢
e g o g
0 e
L
t? 0.:“ o P DQ =
Q;p é:C Quaternary Colluvium, parly cemented with caliche DO ¢ Quaternary Colluvium
® & a e i
..A.E)'E of S
52701 5% 5290 0
a T
3
E
8
i
3
w
Tartiary- Light brown.sandy,silty clay/claystane

Quaternary
sedimants, undivided

Elevation in teet

5260

Tertlary= Sity shala with calicha braaks
Quaternary
sedimants, undlvided

5250 Fine-grained white limasiona, lining
downward te light brown silly clay te

dark brown clay

—1 Permian= Hanvilla Fr., Il and Ill Gray limesiana
—| Pennsylvanian

52424

Lithologies in drill holes B1 and B2.
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B3

Elevation in feet

5270

Lithology Age

5260+

5240

5230+

5220

Quaternary

Tertiary=
Quaternary

Description

Colluvium and alluvium

Light brown sandy silt

Lithologies in drill hole B3,
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Cl
5280

Elevation in fest

Lithalegy Age Dascription

Quaternary Colluvium
R N S T AT AY

Light brown sandy silt

5200

White, soft, chalky limestone

c2 Lithology

5275

Elevation in feat

5250

5260~

5245

Tartiary-
Quaternary
Light brown sandy silt
Whie, line-grained sandsione
Light brown sandy silt
Age Dascription
Quaternary Colluvium
R W S AT s
Tertiory - Light brown sandy silt
Quaternary
Limestone

Light brown sandy sit

Lithologies in drill holes C1 and C2.
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DI

Elevation in feet

Elevation in feet

Lithelogy Age
52051
Tertlary
LS W
Permian—
Pennsylvanian
5164 <
D3 Lithology Age
5203
52004
5190+ -
Tertlary=
Quaternary
51804
5170+
5161

Description

White volcanic ash

Brown sandy sil

Limestone-pabble conglomerats

Hartville Fm., IV and V. Red silty clay

Gray limastona

Description

Brown sandy ik

Siy sand

Light brown, fine silt and sand

D2 Lithology
5195

5190

5180

si70-—

Elevation in feel

5150-

5140-

5133 ==

Lithologies in drill holes D1, D2, and D3.
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Age

Quatarnary

Tertlary

Daseription
Calluvium

White volcanic ash

Brown sandy siit

Brown sill and sand with boulders

Dark brown clay



D4

Elevation in feet

Lithelogy Age
5300
]
0 O Quaternary
C) Rb(] ’;Nhgﬂkrffoﬂhfﬁux"\g
o Quatérnafy~
L h\Tcrtlor)'
3
-
I3 Tertiary—Pliocene
>
52904,

5260

5259

Tertiary

Description

Colluvium

Brown silty clay

White voicanic ash

Brown sandy silt

Dark brown clay, limy silt

D5

Elevation in feet

5|55-—

Lithelegy

Age

Quaternary

Plioceng

Lithologies in drill holes D4 and D5.
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Tertiary

Description

Colluvium

White volcanic ash

Brown sandy sil



El Lithelagy Agae Desecription E2 Litholoagy Aga

Description
) £ o 5270 T Quaternary Calluvium
:'GD ng Quaternary Colluvium ST Light brown sand
o
o T, N L e W o S
8
o .
£ 52204 52604-. Light brown sandy silt
I3 .
.g. Quaternary - Brown silty sand, loose
g Tertiary
=2
w
52104 ‘E
T 5250
- Quaternary-
5 Tertiary
-.-' :
5205 ]
f': Limastona-psbbla conglomerata
5240
Light gray limestona
- Brown sandy si
5230+
Fl Lithelogy Age Description
5265 8228
52604
Quaternary Colluvium
F3 Litholegy Age Description
5260
R W W Ve e Yy
5250, Quaternary Colluvium
8 i
& -
c
5 = 52504 R W W W W
= s hite volcanic as
e E White volcanic ash
H ]
i Tertlary Brown silly sand E
52404 w
Tertiary Light brown sandy silt
52404
5238
5230+
5225

Lithologies in drill holes E1, E2, F1,and F3 (F2 caved after 10 feet of gravel).

18



G

Elevation in fest

Lithology Age

5263

5260+

52501

5240

]
|
|

8

DE}:}O{ Quaternary

T e o W s

52304

5220

5210

5200+

5190 =

Quaternary=
Tertiary

5180

Description

Colluvium

Light brown sift

White sandy silt
Light brown silt

Limasione-pabble conglomerate

Light brown sandy eiit

Gray clay

Limeatona-pabble conglomerals

Pinkish, plastic, bantonitic clay

Limestone-pebble conglomerate

Light brown clay

Gray limssione

Litholegies in drill hole G.
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Elevation in feet

Quaternary-
Tertiary

Permian=

| Pennsylvanion

Brown, gray, and pink clay

Red sity clay



HI

Elevation in feat

H2

ion in teat

Elevat

L
5255

ithelogy

52504

G-

(970

ol

Q
(o] %

5240

5235

Lithology

52403

5230+

5220—

5210

G
0
o

L

5200

Age

Quaternary

Quaternary-
Tertiary

R A

Parmian-
Pennsylvanian

Age

Quaternary

Quaternary-
Tartiary

A o AW S AT

Permian=
Pennsylvanian

Description

Coliuvium

Light brown sand

Limestone-pebible conglomerata

Hartville Fm., Il and 11l. Gray limestons

Description

Colluvium

Light brown sandy sifit

Limastona-pebble conglomerate
Brown clay

Limestone-pebble conglomerate

Hartville Fm., Il and lll. Gray limesione

Il Lithelagy Age
52757
5270+
= 92904 Quaternary-
! Tertiary
E
-]
2
™
H
w
5250
5240+
et N
Permian=-
Voanl
5235 Pennsylvanian
12 Lithology Ags
5265 wrp
5260+
-
H
PE Quaternary=
£ Tertiary
c
2
= 5250
i
w
5240+
5235 .| Permian-

Pennsylvanian

Lithologies in drill holes H1, H2, 11, and 12.
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Dascription

Light brown, sitty, fine-grained sand
(loass)

Limestone-cobble conglomarate

Light brown sandy sift

Brown siity clay

Hartville Fm., 1l and Il. Gray limestona

Description

Light brown fine-grained loess

Limesione-psbble conglomeraie
Light brown silty sand

Yellowish brown sandstone

Limastone-pebbla/cobble conglomerate

Hanville Fm., 1l and Iil . Gray limestone
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