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Sargent Irrigation Companq 
IRRIGATION ENGINEERING 

P.O. Box 191 
156 South Center Street 

Town of Evansville 
City Hall 

TEST HOLES AND IRRIGATION WELLS 
PUMPS & SERVICE 

Casper, Wyoming 
82602 

August 31 t 1983 

Evansville, Wyoming 82636 

Attention: Mayor Anthony and Council 
Mr. Akers, Director of Planning 

Phone 
307·237-4563 Sfp 1 t. ·83 i-\!Vl 

R 
E 
C 
D 
• . D. A. 

Subject: Transmittal of "Report and Recommendations for the 
Location and Development of Groundwater Resources for the 
Town of Evansville, Wyoming. 1I 

Dear Ladies and Gentlemen, 

The attached subject repot"t sets forth and ill ustrates areas and speci fic 
locations which have been hydrogeologically evaluated as having the best 
prospects for development of large quantities of high quality waters for 
the Town of Evansville. The original draft of this report was reviewed 
by staff members of the Wyoming Water Development Commission and the 
State Engineer. As a result of that review the report and the re
commendations have been revised to comfonm with their comments and 
suggestions as is explained in the body of the report. 

Two potential source locations are identified and evaluated in this 
report. The final selection of a drill site will be the decision of 
the Town Council, ;n consultation with Sargent's geologist. The 
recomnended drilling locations all have much hydrogeologic merit as 
sources of ground water. The cost estimates for each prospect are 
provided to assist in the evaluation of the prospects. 

We are confident that if the recommendations contained in this report 
are followed, Evansville will have resolved its water supply problems 
fo r the forseeab 1 e futu re. 

Very truly yours, 
Sargent Irrigation Company 

~C?~ 
Harol d C. Mosher 
Certified Professional Geologist 
American Institute Professional 
Geologist, No. 2492 

HeM :cb 
Enclosure: Report 
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INTRODUCTION 

The purpose of this report is to indicate specific locations where 
drilling of high capacity wells will have good probabilities for 
success. Depth to aquifers and therefore drilling costs, as well 
as water quality condiderations are the controlling parameters. 

It is seldom possible to locate areas that satisfy the above re
quirements and still have selected well sites convenient distances 
from the point or points of use. For this reason, a rather expen
sive pipeline would be involved. Pipeline lengths and costs are 
estimated and included in the total cost estimates for the re
commended drilling sites. 

In the discussion of the first draft of this report with the State 
Engineer it was stated that the proposed site at Emigrant Gap would 
not be approved, or at least not approved without a stipulation re
quiring very extended testing. This problem is discussed in deta"jl 
on subsequent pages of this report. 

Land ownership or leasehold agreements have not been investigated 
or allowed to influence the selection of proposed drill sites. 
However, Wyoming State lands have been closely examined and one of 
the recommended locations is situated on State leased land. 

It is believed that with the implementation of the recommendations 
presented, the groundwater exploration philosophy of the Wyoming Water 
Development Commision and the long term needs of the Town of Evansville 
should be satisfied. 

EXECUTIVE SUMMARY 

The geology of the entire Casper tt>untain and a portion of Muddy Moun
tain has been reviewed on maps and numerous previously released reports 

and theses consulted. Air photos were studied of areas judged most fa
vorable for development of groundwater resources. The areas were refined 
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to specific locations following actual checking in the field. 

The results of these studies led to the selection of three sites which 
seemed to best satisfy the most criteria regarded as necessary to develop
ing long term, high yielding groundwater supplies. The conclusion reach
ed in the course of this study and by other reports, is that the hydro
geologically most feasible well sites are at distances from Evansville 
that will require pipelines which will escalate total system costs appre
ciably. It is beyond the scope of this report to detail pipeline costs. 
However, certain gross estimates are presented in order to facilitate 
evaluation of alternative prospect locations. 

It is the objective of this report to provide the necessary geotechnical 
information to assist the Town of Evansville in selecting the alternative 
most feasible in terms of anticipated future water requirements and 
available financing. Regarding the prospects studied, the amount of pos
itive information is limited at best because no such program has been im
plemented in this area, and no real hydrologic data is available for this 
area, particularly where the productivity and water quality is concerned. 

It is believed, however, that the prospects presented are justified by the 
hydrogeological features which are presented and by the needs of the Town 
o f Evan s vi 11 e . 

NEGATIVE REVIEW COMMENTS 

The "Draft" of this report was submitted to the staff of the Wyoming 
Water Development Commission and to Dick Stockdale of the State 
Engineer's Office for their comments and approval. These reviewing 
authorities approved the contents of the report in general but they 
stated that the possibility of receiving approval to drill at the Emi
grant Gap-Highway site would be very much in doubt. Even in the 
event that this site received a conditional approval, a long term and 
very expensive testing program would be required to determine that 
the proposed water well was having absolutely no effects on the Speas 
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Spring. 

Such a program would require monitoring of pressures at the Speas 
Spring in addition to those of the new well for probably no less than 
six months. Further, there is no base line data relating to any pre
sent decline of the Speas Spring. Without such base line data, it would 
not be possible to differentiate whether any pressure drops were from 
normal 1nng term spring usage or due in part to pumping of a well at 
Emi grant Gap. 

For the above reasons it becomes necessary to withdraw the recommendation 
to drill a test well at the Emigrant Gap-Highway location at this time. 
Because the hydrogeologic analysis of this area may prove to be of value 
at some future time this portion of the report has been included in the 
APPENDIX. 

RE COMMEN DATI ONS 

The recommendations presented below are in the order of their hydrogeo
logical merit and least risk, while maximizing the prospects for im
mediate aquisit;on of the largest possible water appropriation. 

These recommendations are to develop: 
1) The South Hat Six-Pole Creek Syncline prospect. 
2) The Hat Six Lakota Sandstone prospect. 

The above order is also that of the estimated total project cost, includ
ing pipelines and financing, number One being the costlier alternative. 
rt is p~obable that with the development of a large capacity source of 
potable water, some type of financing agreement could be arranged, possibly 
through the State of Wyoming, for a delivery system to the potential users. 

WHY GROUNIlJATER? 

The Citizens of Wyoming have always suffered from insufficient water sup
plies. Municipal demands must compete with industrial and agricultural 
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users for limited and over-appropriated surface waters. Although, there 
are many small towns in Wyoming that have depended on groundwater for 
municipal supplies, it was not until the late 1970 t s that cities began 
looking seriouslY at major groundwater development programs as a way to 
augment their existing supplies in order to accomroodate their rapidly 
growing populations. 

It was recognized by the Wyoming State Engineer and the Interstate River 
Compact Commissions, that water pumped from the alluvium of rivers and 
their tributary valleys was actually river water and as such had to be 
regulated by the laws of appropriation governing surface waters. 

The move to the serious consideration of groundwater was and always has 
been hampered by two principal factors. These are Geology and Economics. 

Geology controls the location of feasible source areas and specific loca
tions, as well as the quantity and quality of underground water. 

Economics affects the development of groundwater because of the public 
perception that drilling and completing wells and the construction of 
pipelines is excessively expensive. This public perception has at its 
roots the fact that municipal water supplies have been provided at sub
sidized and/or bargain rates. 

At the present time, the available supplies of water are keeping up with 
demand temp0"rarily but this condition could change overnight if a dryer 
climatic cycle were to start or if a resurgence of business activity caused 
an accelerated population growth. It should be noted also that any munici
pality, situated such as Evansville is, will attract new business and 
population in proportion to the availability of water through its 
municipal system. 

For the foregoing reasons, it appears that by initiating a program of 
developing groundwater and building the necessary pipelines, that Evans
ville could assure itself sufficient water supplies to accommodate its 

needs into the next century. 
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ESTIMATED WATER DEMANDS 

At the present time Evansville is satisfying its water demands from 
very junior water rights to Platte River water. These water rights 
would be in jeapordy in the case of abnormally low flow of the Platte 
River due to a dryer climatic cycle. Also, present water rights would 
be insufficient in the future if even a moderate, 3 percent population 
growth is predicted. 

On Figure 1, estimated possible future population numbers are plot
ted at several growth rates. Different studies by various engineers 
have yielded a large variation in these rates. The numbers presented 
on Figure 1, are based primarily upon the following figures. 

Growth for the City of Casper between 1970 and 1980 was 3 percent per 
year. Natrona County's growth rate was 4 percent per year for that base 
period. * 

During the 1980-83 period Evansville lost population due to the gen
eral recession, primarily in the energy and related industries. It 
was therefore decided in consultation with the Evansville planning 
Coordinator, Mr. Akers, to use a base figure of 2500 population in 
1980 to project future growth. 

Figure 1, includes population projections for annual rates of growth 
between 3 percent and 5 percent and extends to the year 2030. The popu
lation data presented on Table 1, is taken from the 3.5 percent projec
t i on on Fi gu re 1. 

* Source: Casper City Planner's office, personal communication. 
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This should tend to minimize any skewness that might develope as a 
result of any future economic aberrations. It should also provide 
realistic gross water demand figures. 

A figure of 170 gallons per minute per capita is used to cOffl>ute 
water demand. H.N.T.B. Engineers confirm that this figure is a good 
yearly average figure with allowances for residential, and industrial 
consumption as well as the demands of fire protection standards. 

The following table gives an index of the water well capacities 
which would be required to satisy the total demands of the projected 
population of Evansville for the years cited. 

TABLE I 
POEulation - Water ConsumEtion - Water Well 

Gross We1l(s) 
Year Estimated Consumption @170 prcduction 

Population gpm/ cap; ta/day Requi red* 
1985 2,969 504,730 505 9pm 
1990 3,527 599,590 600 gpm 
1995 4,188 711,960 712 gpm 
2000 4,975 845,750 846 gpm 
2005 5,908 1 ,004,360 1,005 gpm 
2010 7,017 1 ,192,890 1 ,193 gpm 

2020 9,898 1 ,682,660 1,683 gpm 
2030 13,962 2~373 ~54.o 2,373 gpm 

* Average, 1000 mi nutes per day pumping. 

It can be seen from the fi gures given above that with an aggressive 
groundwater development program, all of the near term water require
ments, possible to the year 2000 could be satisfied from groundwater 
sources. This statement is based on the expectation of developing 
between 500 gpm and 1000 gpm from one wel'. 
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EXPLORATORY APPROACH 

The key to finding large quantities of potable water at moderate depths 
in the Evansville - Casper area lies in finding areas with the follow

ing characteristics: 

1. There should be evidence of present or past faulting and/or frac

turing. 

2. Tear or cross faulting which intersects strike faulting ( i.e. 
faulting parallel to the trend of the formations) provides the maximum 
possibilities for the existence of zones of high transmissivity. 

3. There must be ample area to what may be tenned the subsurface drain
age basin. These are generally geological synclines or "lows" and in 
many cases do not coincide with the topographic lows. 

4. There should be ample areas for recharge of aquifers. 

5. The objective aquifers should be known to be highly productive with
in the general vicinity of any proposed test. 

6. In the case of the Casper and Madison Fonnations a depth limita
tion of approximately 3500 feet should be observed to minumize the 
risk of unacceptable water quality. 

At numerous places in Wyoming these criteria can be cited as the causes 
for the existence of springs, some of which have excellent flows. Fur
ther, the City of Worland is currently in the process of utilizing water 
from the Madison Formation from a well drilled on Paint Rock antcline 
off the west flank of the Bighorn tt>untains. This well had all of the 
above favorable characteristics and has been tested for more than 10,000 
g. p. m. flow; n g . 

It must be recognized at the outset, in any drilling project in an en
ti rely new area to fonnations as yet untested, an element of risk 
is involved. It is the function of the geologist to analyze all 
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hydrogeological aspects of the proposed location areas to reduce the 
size of the risk involved. For this reason two of the locations pro
posed for drilling in this report call for one small diameter test well. 
As will be detailed subsequently the test well will allow an evalua
tion to be made of the feasibility of drilling a production well near
by. 

The evaluation of the aquifers penetrated should be facilitated by the 
infonnation provided by a drill stem test and analysis of the geophys
i cal logs. 

STRATIGRAPHY 

The stratigraphy of the general Casper Mountain area is outlined on the 
Composite Stratigraphic Section, Table II. Detailed measured surface 
sections are included in the Appendix. 

It should be noted that many of the zone contacts between the limestones 
and sandstones of the Casper Fonnation are gradat.ional over short dis
tances and therefore the definition of some of the aquifers depends on 
the nature of the drill samples from any particular location. 

STRUCTURAL GEOLOGY AND LAND FORMS 

When sufficient force or stress is applied to any object it either bends 
or breaks. Bending causes fractures and breaking causes displacement. 
In this case geoiogic strata or units are involved. Complicating the 
geologic applications of simple natural laws is the presence of shales 
and bentonitic clays which respond as plastics and tend to "flow" under 
compress ion. 

In the areas addressed in this report the primary source of vertical and 
transverse pressures is the basement or Pre-Cambrian rock masses which 
have moved along pre-existing lines of weakness. The forces applied by 
these rocks then caused tilting or folding, displacement (faulting) and 
fracturing of the hard fonmations such as the limestones and sandstones 
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TABLE I I 
COMPOSITE STRATJ&RAPHJC SECTION 

'''K~-) IKAllbftN'"'" 
I (FEET) DESCIUPTJON ERAS PEAlOOS SUUS UNIT 

Landslh1t Deposits Vlrtlbl. L Mds.llde Mid shop debr Is 
Cenuolc Q,i.tern.,y 

Wtndblown Deposits VariAble Unconsolidated ,and 

Allwtal Dlpos tts Vlriabl. Unconsolld.ted ,lIt, sand Ind 
Grlvel 

ir~ soft shale Ind '.ntlcul.r 
Cod,r Sh.l. 2tSD-l400 sandstonl bids, gray lt~ ,h.le 

It bue. 

front Ilr fo,..at ion 850-900 Dirk gray concretionary shale 
~P'" lAd whtte bentonite Interbedded 

with s.ndstones. 

_"'y Shall 25().300 Blck siliceous Shale, dark gray 
shale, bentontte wtth slndstone 
lenses we.thers stlvery white 

crltaceous Th If'IIOpo 1 h Sh aI, 7S-100 lher.opolts sh.le - dark gr.y 
Iftd Huddy Sandstone Cllc.reous sh.le Huddy Sand-

stone Me.oer - sandstone, silt-
stone, Ind shandy shale at top. 

lowe' 
.. own. hard, chert pebble con-

Cloverly Fona.tlon glaeerate at base of Cloverly 
"sOlote Lakota Melllber 50-150 Foralt jon. 

U~er NDrrlson Fonaatlon - vari.gated 
_rrison .nd Sund.net 420-460 cllystone with gray Silty sand-

Middle fo .... tton5 stone lenses, Sund.nce formation 
- olt~e gr.y s.ndstone with. 

Lower pers htent thin-bedded undstone 
It the base. 

~per 
~per fo,..'tlon - red s.ndstone 

Tr11n1c Chugwlt.r Group 640·700 lAd stltstonl •• iddl, for-
Middll .. tion - gr,y 1l1in'ted ledge-

for.tng li.estone, lower for ... 
tton-red shale and siltstone. 

Lowe .. 
Goo" Egg Fo ,...t ton 380·400 Red sh.l, with interbedded gray 

IJPper Ilg.l liaestone .nd gypsum beds. ,.,.1111 "'00 Ie 
ower 
~PI" Gr.y .nd tin thick-bedded sand-

P.leozolc "nnsyl VI"t., '"Galt Clsper Fona.t10n 500·1000 
stone underl.in by interbedded 
sandstone, p tnk .nd gray 1 ille-
stone Ind dolo.1te and red 

LOwer shalti red to gr.y sandstone It 
bue. 

Q-.y to I ight-gr.y mass ive chert 
"hs Iss tpp tat Upper Midtson FOnl.tton 150·250 It.eston. and dolomitic 11me-

stone. 

Lower DUll plnk conglomeratic Slnd-
stone, grades upward 1nto mOd-

up~~er Clabr 1.n-M1 51 t Upp t II 50-100 .rately wtll-sorted Qu.rtzose 
Clllbrtlll .naOlt Sandstone sandstone - Increastngly e.l-

LOwer ureous upwardS. 

Met..arphtc rocks (Schist, 
Pr ot.rOlO t, ,...,Mllart ... . - .. .. gne.,s, sl.t •• quartzite) with 

nu.erous grantt1c tntrustons, 
Plr:at1t. dtkes • qUlrtl and 
fe dUll'. 

-Ttrtt.,y, Devonian. Stlurtlft and Ordoviciln units not present tn study .rel. 
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of the geologic section. 

It is frequently necessary to infer faulting where actual displacement 
cannot be seen and measured. This is done by extending the faulting be
yond where it is visible and by looking at the surface drainage and to
pography. For example on Plate II, in Section 4, T 31 N - R 78 W, the 
breaks in the continuity of the Cloverly Group (Kvc) which allow egress 
of the creeks are regarded as inferential evidence of faulting. Further, 
drainages which are long and very straight may indicate faulting at depth 

The next question that arises is the effect of meteoric or recharge and 
connate groundwaters on faults. If the extremely hard fonmations such 
as the Madison or Casper Fonmations are faulted, it can be assumed, in 
most cases, that chemical solution of any limestone, either formational 
or as the sand grain cementing agent, will have created a multiplicity of 
void spaces which have been enlarged through geologic time. These types 
of water filled void spaces are the expected sources of high volumes of 
water in the areas proposed for development of Paleozoic aquifers. 

LANDSAT PHOTOGRAPHY 

The landsat photograph for the entire project area was examined criti
cally. The major structural components, faults, anticlines and syn
clines, show up clearly. However, due to the very small scale of the 
photo some suspected subsidiary faulting is ill-defined or lost in drain
ages. Further definition requires the use of normal air photos and is 
discussed below. 

PHOTOGEOLOGY - SOUTH HAT SIX 

Analysis of the photogeology of Casper Mountain (see Plate III) indicates 
a subsurface drainage divide which plunges south and is centered a mile 
east of the township line between R 79 and 80 West. This diverts the 
flow of the ground water to the south, southeast into the Muddy Mountain 
syncline. The Hat Six Fault probably acts as an aquitard or subsurface 
dam which deflects the ground waters present in the Paleozoic sediments 
of the eastern portion of Casper Mountain to the south, southwest. 
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There is a narrow, sharp "anticline" which is probably a reverse 
fault which extends five miles eastward from the middle of Section 3, 
T 31 N - R 79 W to Section 4, T 31 N - R 80 W. This latter locality is 
where the Hat Six Fault appears to tenminate against a tear fault. 

Sunvnarizing, we have the crust·al pressures from the south (ftlddy Mluntain 
acting against the eastern portion of Casper Mountain) to cause severe 
faulting and possibly fracturing at the south end of the Hat~Six ·Fault. 
This locality, Section 4, T 31 N - R 78 W is believed to be the "gate" 
through which the ground water escapes northeast to the Pole Creek syn
cline. 

The well site which is believed to have the best probabilities for 
maximum yield from the Casper sandstone and Madison limestone ;s in
dicated on Plate V. The greatest number of favorable geologic character
istics are concentrated within close proximity to the recommended site. 
The site is not closer to the surface faulting because the topography and 
access would result in extreme difficulty and inordinate expense in site 
preparation. Further, drilling a straight hole would be complicated by 
the higher rates of dip of the formations southwest of the proposed loca
tion. 

The arrows indicating underground flow on Plate II show the probable 
pattern of water flow from the recharge areas on Casper Mountain and the 
Muddy fttluntain sycline. The localities of egress for the groundwaters 
are in the area of the Pole Creek Fault and subsidiary faults and at the 
south end of the Hat Six Fault. These faults and the recharge areas con
stitute a system which acts essentially as a "funnel" which tends to con
centrate and direct the flow of the water into the Pole Creek syncline. 
The head or pressure at the well site at the top of the Casper Formation 

is estimated to be about 2700 feet or 1169 pounds per square inch. If 
the Casper Formation top is 2200 feet below ground level then a well 
would flow at the surface. 

Figure 2, Cross Section N-S, is an end-on view of the possible fault 
configuration at depth. 
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It is difficult to predict the rate of flow or sustained safe rate of 
pumping from the individual or combined Casper and Madison aquifers but 
an estimate in excess of 1000 gallons per minute or one million gpd is 
considered realistic. Such a supply could then satisfy a population of 
5000 people. 

HYDROLOGIC CONSIDERATIONS 

From the surface geology and the small aroount of subsurface control pre
sent it is possible to infer the general patterns of the groundwater hy
drology, particularly at the east end of Casper Mountain. 

The Subsurface Map, Plate lV, is contoured on the Cloverly Group, Dakota 
log top, in the map area east of the Hat Six fault. The long dash lines 
are contours on top of the Casper Formation geological mapping. The fault
ing provides a framework for the contouring. 

The subsurface data points are, almost without exception taken from wells 
drilled for oil and gas. Where possible, the thickness of the Lakota for
mation is noted beside the depth for the formation. For the few wells 
which penetrated and were drill stem tested in the Casper Formation the 
elevation of the artesian head is given above the total depth figure for 
the well. 

The elevation of the top of the Casper Formation at the comroon township 
corner, T 31 & 32 N - R 78 & 79 W, four miles west of the proposed water 
well location is 2700 feet higher than the estimate elevation of the Ca
sper top in this water well location. It is also 3170 feet lower than 
the Tensleep Formation in the Texaco dry hole in Section 2, T 31 N -
R 79 W. This suggests that at this location, if the expected porosities 
and transmissivities are realized, the well should flow with a pressure 
of approximately 217 pounds per inch (p.s.i.) at the well head. At this 
time the rate of flow cannot be estimated with assurance. 

- 14 -



R 79 78 W 

2 3 

Q 

23 

26 27 

31 \ 32 , 

N 
I 

SCALE: I" = 4000' 

2 

II 

26 

35 

2 

12 

---y--

T 
13 32 

N 

36 

7 
S't'N UNE.l.-..9 

~8 1.9 12 

LEGEND 

D 
-u ..- FAULT, MAJOR REVERSE 

D 
- U - FAULT, TEAR 

-- - FAULT EXTENSION 

f 1 

(LENGTH OF DASH 
INDICATES CONFI DENCE) 

".XIS o~ SYNCL I NE 

AXIS OF ANTICLINE 

~ RECHARGE AREA LIMIT 

Q 

Kcv 

Pc 

em 

EFFECTIVE EXPOSUR E AREA, 

(CASPER, MADISON and 
CAMBRIAN FORMAT IONS) 

PROBABLE FLOW PATH 

(LARGE ARROWS DENOTE 
CONCENTRATED FLOW) 

QUATERNARY ALLUVIUM 

CLOVERLY FORMATION 

CASPER FORMATION 

MADISON FORMATION 

18 

C£md MADISON and CAMBRIAN UNDIFFERENTIATED 

17 f ' 16 • 

21 22 23 

STRUCTURAL GEOLOGICAL MAP 
OF 

13 

24 

SOUTH HAT SIX - POLE CREEK AREA 
WITH 

HYDROLOGIC FEATURES SUPERIMPOSED 

T 
31 
N 

SARGENT IRRIGATION CO. 
JULY, 1983 

PLATE II 



GEOLOGIC CROSS SECTIONS 

The geologic cross section presented for the South Hat Six area is to 
show what may possibly have happened to the geologic strata at depth in 
response to the faulting which is known to have occured. 

For South Hat Six the tear or cross faulting is shown "end on" looking 
from west to east. What is shown below ground level is conjectural and 
based upon geologic extrapolation of fault evidence at the surface. It 
is possible that recharge waters from the north and south have establish
ed channels along these fault zones, thus delivering relatively large 

water flows down dip into the Pole Creek syncline and toward the proposed 
South Hat Six location. 

OTHER AQUI FERS 

This project is being recommended as primarily a Paleozoic testing pro
gram. However, an analysis of the section overlying the Casper Formation 
is in order. The Goose Egg sequence is a complex of red shales and thin 
limestones with some anhydrite and gysum present. From the top of the 
Goose Egg through the Chugwater, Sundance and Morrison Formations there 
are no known aquifers capable of moderate to large flows of acceptable 
quality waters. 

The basal member of the Cloverly Group, the Lakota Formation,has given 
up as much as 250 gpm in Section 24, T 33 N - R 79 W, in what is now 
southeast Casper. The Lakota Formation tends to be lensatic with thick
ness variations from about 35 feet to 140 feet depending on location. 
The quality of Lakota water has been found to be consistently good. 

This is second possible source of groundwater for Evansville. The po

tential well site is approximately one half mile southeast of McDonald 
Reservoir in the NE SW, Section 18 T 32 N - R 77 W. The Lakota would 

be at a depth of approximately 2600 feet here. About three quarters of 
a mile west of this site in Section 13, T 32 N - R 78 W an individual 
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named Claussen drilled a test well for oil and gas that bottomed in the 
Chugwater Formation at 2377 Feet. The electric log of this well has 150 
feet of Lakota sand with extremely fresh water. A part of this logged 
thickness may be in part due to dip of the beds. However, the Subsur
face Map, Plate IV indicates a quite extensive area of thick sand develop
ment. 

The proposed drill site is about 12 miles from Evansville. 

All of the remaining potential Cretaceous aquifer zones are sandstones: 
the Frontier sands, Mesaverde and Fox Hills Fonnations. These sandstones 
generally have low productivities and the quality of the water is from 
just barely acceptable to poor. 
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WATER QUALITY 

The quality of the waters that may be expected from the Paleozoic Casper" 
and Madison Formstions is the greatest unknown involved with these well 
locations. However, in the Hat Six-Pole Creek area springs emenating 
from these formations yield good quality waters. 

Water quality in the Madison Formation is a function of the depth from 
which it comes. Wells producing water from less than 3500 feet carry 
waters within the Environmental Protection Agency·s Best range, less than 
500 mg/l Total Dissolved Solids (T.D.S.) or within the Acceptable range, 
501 to 1000 mg/l T.D.S. However, these waters are usually of less than 
750 mg/l T.D.S. The same general rules follow for Casper Formation waters 

Lakota Formation is exceptional in that its waters have been found to be 
in the Best or Acceptable water quality range in wells as deep as 7000 
feet. 

SAFE YIELD 

The term safe yield has been used in the attempt to define the amount of 
water which could be developed from a groundwater reservior. The term 
has several proposed definitions and synonyms appear in the literature. 

A composite definition, based on the ideas of many authors, could be 
expressed as follows: 

Safe yield is the amount of naturally occurring groundwater that 
can be withdrawn from an aquifer on a sustained basis, economically 
and legally, without impairing the native groundwater quality or 
creating undesirable effects. 

6-The best ways to determine safe yield is to assemble well parAmeter 
data from multiple wells under as nearly as possible controlled condi
tions. In the case of the Madison wells proposed within this report 
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they are essentially isolated, with few, if any, wells hydraulically 

connected to them. 

Further, where Madison wells have been drilled which have had observa
tion well systems installed the formation has been proven to be essential
ly non-isotropic. This has been shown by significant variations in the 
computed transmissivities and storage coefficients. In addition, the few 

prolific Madison water supply wells completed within Wyoming have been 
completed in zones of faulting and/or fracturing. Localized fractures en
larged by the chemical activity of connate and meteoric waters have been 
responsible for abnormally large flows from wells completed within such 
zones. 

For the foregoing reasons it is nearly impossible, at this time, to assign 
a value for safe yield to the proposed wells. In the event the wells are 
developed and producing satisfactorily, flow rate and draw-down or pres
sure data can be used to evaluate and extrapolate the longer term effects 
of production. 

It is possible that it may be necessary to tie well production rates to 
annual estimated recharge quantities based on measured precipitation for 
a given year. In years of below average precipitation it might be neces
sary to exceed the fi gure for average recharge. During years of hi gher 
than average precipitation and recharge, the well production might be re
duced to allow recovery of the well to occur. 

RECHARGE ESTIMATES 

In 1982 Wright Water Engineers and Western Water Consultants reported 

recharge rates for the Paleozoic aquifers in the Casper Mountain
Muddy Mountain area. Their assembled data indicated the rate to be 
about 10 percent of the annual average precipitation or approximately 
95 acre-feet per year per square mile. 

Using the recharge areas as shown on the Structural Geologic Map, 

Plate II, the effective area for recharge is 8420 acres or 13.156 
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square miles. These figures aquate to 407,262,390 gallons per year 
or 1,115,787 gallons per day.* The projected average water demands of 
the Town of Evansville indicate that not until the year 2005, when the 
present population is estimated to double, will consumption (1 ,004,300 

gpm/capita/day) begin to equal the above rate of recharge. 

Because of its limited outcrop areas due to steep dips on the north 
flank and east end of Casper Mountain the recharge to the Lakota 
Formation is considered to be limited. In the few water wells com-
pleted in the Lakota seasonal changes ;n water levels have been noted and 
fragmentary data indicates moderate decline has been observed over a period 
of years. 

*8420 ac. /640 ac = 13.15625 sq. mi. 
13.15625 sq mi x 95 ac-ft/mi/yr = 1249.84375 ac-ft/yr 
43560 ac-ft/mi x 7.4805 ga1/cu ft x 1249.84375 ac-ft/yr = 407,262,311 ga1/yr 
407,262,311 ga1/yr/365 days = 1,115,787. gal/day 
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TABLE III 
AREA EVALUATION SUMMARY 

1 2 X 
Area South Hat Si x Hat Six Lakota Em; grant Gae 

Possible Aquifers Casper Lakota Casper 
Madison Madison 
Deadwood Deadwood 

Aquifer Thickness 800' Gross 140' 800' Gross 
Depth to top Casper ...... 2100' 2600' (Lakota) 1900 • 
Total Depth 2700' 2750' 2800-3200 • 
Water Qual ity Good Excellent f1Jderate 
Prospects 
Est. Possible 1000+GPM 250+GPM 1000+GPM 
Production 

Estimated Costs: 

Observation Well* $109,800.00 $110,000.00 
Producti on Well 188,490.00 190,000.00 190,000.00 
Testing 35,000.00 35,000.00 35,000.00 
Estimated Total $333,290.00 $225,000.00 $335,000.00 

Estimated Pipeline Cost-$d.2 Milli9~ $2. 1 Mi 11 ion $1.0 Million 

* If abandoned $ 85,600. $ 87,000. 

X This project cannot be recommended at this time. 
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WELL DESIGN CRITERIA 

The design of the test/observation well, as shown in Figure 4, is quite 
straightforward. The 9-inch hole size is to permit the use of tools, 

drill collars in particular, of sufficient size and weight to facil
itate the drilling of the expected hard formations. This hole size is 
also the minimum necessary to allow setting of 4 1/2 inch 0.0. casing. 
This pipe size is the minimum which will accept the floats of automatic 
water level monitoring devices. 

The final production well design will depend on the nature of the Casper 
Formation sands. They are expected to be naturally cemented sufficiently 
to preclude causing sanding problems for the life of the well. However, 
this supposition cannot be supported at this time without drill sample 
evidence. 

Because there is no test data available for the objective formations at 
this time, it must be assumed that prolonged use will cause a drawdown 
of the pumping levels in the proposed well. The magnitude or rate of 
change, including the time, probably years, for these changes to occur 
can only be determined after aquifer testing ;s completed. 

Alternative A as shown in Figure 5, presumes the Casper and Madison sec
tions will not require casing. However, in view of the unknown future 
draw-downs it is judged safest to specify the drilling of a minimum 20 
inch hole and cementing to surface l6-inch casing in the top of the 
Casper Formation or just above the uppermost aquifer zone. This casing 
size will permit lowering of any larger capacity pump at anytime in the 
future. 

The open hole of l4-inch diameter within the Casper and Madison section 
would be large enough to allow even very high rates of flow with minimal 
head loss. 

Alternative B, shown on Figure 6, would be used if it were judged necessary 
to case with slotted pipe to total depth. 
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For a Lakota well the desiqn would be similar to Alternative B, except 
that the hole and casing diameters would be reduced and the upper pump 
chamber might be extended downward to 1500 feet. 

RECOMMENDED DRILLING PROGRAM 

South Hat Six - Pole Creek Area 

There are no drilling records for this area for fonnations older than 
the Cretaceous Lakota sandstone. The affects of the faulting and the 
quality of any waters present in the potential Paleozic aquifers are 
therefore unknown. This rreans that the initial drilling at the recom
mended location in Section 34, T 32 N - R 78 W would have to be a small 
diameter exploration well. If the anticipated favorable indications of 
high productivity of good quality water are realized then this well 

would be completed as an observation well and a second large diameter 
production well would be drilled nearby. 

The test well would start in the Cretaceous Mowry Formation and be com
pleted in the Mississippian Madison or Cambrian Deadwood Fonmation. The 

estimated tops for the various formations penetrated are as follows: 
Cloverly Group 415 feet 
(Dakota, Fuson, Lakota) 
ft> rri son Fm. 

Chugwater Fm. 
Alcova limestone 

Goose E 99 Fm. 
Casper Fm. 
Madi son Fm. 

492 feet 

972 feet 

1122 feet 

1762 feet 
2126 feet 

2587 feet 
Deadwood 2837 feet 
Pre-Cambrian 2947 feet 

In order to test the qual ity of the waters of the Casper Fonnation at 
least one drill stem test would be required. The interval within the 
Casper Formation will depend on the appearance of the drilled samples 
and signs of water while drilling. It is expected, however, that the 
upper 100 to 150 feet will carry water and that 60 to 100 feet of this 
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zone would be tested. As indicated elsewhere in this report the well 
is expected to flow at the surface and therefore by allowing sufficient 
time with the D.S.T. tool open, it should be possible to allow the well 
to clean itself and to collect a good, representative sample of the wa
ter from the zone below the packer, i.e., Casper Formation water only. 

Upon completion of the, D.S.T. and assuming conductivity of the water show
ed it to be of good quality, the well would then be deepened into the 
Madison Formation. The total penetration would depend on the nature of 
the formation and the shows of water encountered. 

It is felt if the indicated productivity of the Casper Formation is high, 
that the Madison Formation will also yield water at a high rate. This 
assumption is based upon the fact that the faulting expected to be pre
sent will have acted upon the Casper and Madison Formations as a unit. 

TEST/OBSERVATION WELL 

For completion of the test well as an observation hole it is proposed to 
run 4-inch casing in the 9-inch hole with slotting opposite the Casper 
and Madison aquifers. The annular space would be gravel packed to the 
top of the Casper Formation and a short cement pl ug empl aced above the 
gravel pack. The remaining annular space to just below surface would be 
filled with bentonite slurry. Cement would then be emplace from surface 
to a depth of approximately ten feet with some type of a collar or bas
ket around the pipe, to prevent settling of the cement. Figure 4 shows 
the proposed observation well design. 

PRODUCTION WELL 

For the production well the proposed design (See Figure 5) is basic
ally a 20-inch hole to the top of the Casper Formation with l6-inch 
casing cemented to surface at that point, approximately 2100 feet below 
ground level. A l4-inch hole would then be drilled and left open to a 
total depth of approximately 2800 feet. This design presumes that no 

friable sands would be encountered tn the Casper-Madison section. 
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In the event that an open hole co~pletion was judged not to be feasible, 
based on infonnation provided by the observation well, I}:sign Alterna
tive B (See Figure 6) would be used. This design would involve using 
16-inch casing in a 20-inch hole to 1000 feet and then reducing the 
hole size to 14 inches. This lower portion of the hole would be 

cased to total depth with mill slotted 10 3/4 inch casing fastened by 
a reducer to the 16-inch casing. It is estimated that about 400 feet 
of mill slotting will be required for the 10 3/4 inch casing. 

GEOPHYSICAL LOGGING 

In order to maximize the infonmation to be gained from the Casper-Madison 
section it is strongly recommended that the logging program be implement
ed as described below. In hard sandstones and limestones regular resis
tivity logs do not satisfactorily answer the needs for porosity, fluid 
content and fracture presence infonnation~ Therefore the llta1 Laterolog, 
Gamna Ray, Cal iper, Soni c Log and Soni c Wave Fonn Logs are recorrrrended 
for this proJect. The Dual Laterolog and Garnna Ray are useful for cor
relation in both hard and the up hole softer formations. The Sonic Log 
provides indications of porosity and the Sonic Wave Form Log is used to 
detect fracturing. Taken together such a logging program would provide 

a greatly enhanced quality and quantity of data on these Casper/Madison 
aquifers when compared with what could be expected from the usual In
duction Electric/Self Potential Log. The reason for this is that the 
high resistivities expected to be encountered i'n the Paleozoic section 
are beyond the range of the standard Induction Electric type logging tools. 

- 29 -



WELL COST ESTIMATES 

South Hat-Six(Casper-Madison Prospect) 

The estimated total cost of drilling, completion, testing etc. for two 
wells, a test/observation hole and a production well are tabulated below. 

Item 
Test hole (if abandoned) 
Completed as an observation 
well 

Producti on well, 
drilling and completion 

Cased to T. D. 
$ 85,600. 

$ 109,806. 

188,492. 

Testing $ 35,000. 
Estimated Sub-Total $ 223,492. 

Total Cost Observation $ 333,298. 
well plus Production well 

Hat Six Lakota Sandstone 

Cased to 
Top Casper Fm. 

$ 210,232. 

$ 35,000. 

$ 245,232. 

$ 355,038. 

This second possible source of groundwater located near McDonald Reservoir 
would require an approximate 2800 foot well. If the Lakota section here 
were comparable to that in the Claussen well to the east, the well would 
probably be capable of producing approximately 250 gpm of good quality wa
ter. (See Plate IV) The possible location is about 12 miles from Evans
ville. It would probably be necessary to drill two or three wells in 
the general area to justify the cost of the necessary pipeline to Evans
vi 11 e. 

Of concern here is that the subsurface drainage area which would be 
tapped by a Lakota well would be limited. Therefore, with relatively 
high withdrawal rates from one to three wells, the drawdowns could be
come excessive forcing greatly reduced pumpage and ultimately an un
acceptable short well life. 

The cost of constructing and testing one well into the Lakota here would 
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be approximately $190,000. Its pipeline would be approximately 12 miles 
long and cost $2,100,000. Since a minimum of two wells at 250 gpm each 
would be required, the total project cost would be approximately 
$2,480,000. 

In this area the Casper Formation would be at a depth of about 4100 feet 
and the total depth of the well could be as deep as 4700 feet. Because 
of this considerable depth it becomes highly questionable that the quality 
of the Casper Formation water would be acceptable. 

TOTAL SYSTEM COSTS 

The Evansville water supply situation vis-a-vis possible groundwater sup
plies is a complex problem. An assured supply of 500 to 600 gpm could 
satisfy the town IS near term needs. However, the cost for such a supply 
would exceed the cost for a 1000+gpm well on a per 1000 gallon basis, 
assuming full utilization of each well system. A two well, 500 gpm system, 
from the Lakota Formation, with its pipeline to Evansville would cost a
bout $2,500,000., not including financing costs. The proposed one pro
duction and one observation well system from the Casper and Madison For
mations at South Hat Six should supply 1000+gpm to system with an overall 
cost, including pipeline of $3,400,000., without financing costs. 

For long term reliability, in addition to a much larger expected yield, 
the South Hat Six project is favored. 

The question then arises, IIWhat would Evansville do with one million 
gallons per day of water?1I It is beyond the scope of this report to dis
cuss this subject. However, the City of Casper is aggressively seeking 
additional water supplies for its system and some arrangement might be 
made for Casper to take a portion of any anticipated surplus after test
ing has shown the actual productivity of the well. 

One advantage to the proposed groundwater developments is that if the de
livered quantities of water are sufficient for Evansvillels needs, there 
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would be no need for any treatment of the water other than on line 
chlorination. This should result in a net reduction in the cost of 
operating the Town's water system. 

DEVELOPED WATER USAGE/CONVEYANCE 

Since all of the proposed well sites are at inconvenient distances from 
Evansville, certain obvious methods of useage and conveyance are presented 
for consideration and evaluation. 

South Hat Six If upward of 1000 gpm or 1 million gallons per day 
is developed two methods of delivery suggest themselves-l) Build a 
15 mile, 14 inch pipeline from the well to Evansville. The direct 
construction cost would be approximately $3 million. Or 2) Let the 
water run into the Pole Creek-Beaver Creek-Muddy system which drains 
into the Platte River. An exchange of North Platte water rights would 
then have to be worked out. 
Hat Six Lakota A 12 mile pipeline to Evansville appears to be the only 
practical method of delivery for this water. Further, long term con
siderations might dictate that the size of the pipe should be large 
enough to handle all or part of the water ~ from any possible 
furture develpments in the South Hat Six area that might be necessitated 
by a decline of any Lakota wells. 

SUMMARY 

The foregoing material is a synthesis of all available information and 
hydrogeologic reasoning. Every effort has been made to keep numerical 
estimates, including cost estimates, realistic so that the need for 
future increments should be minimal. The proposed water well sites have 
been selected after much thought but with the primary objective of de
veloping the maximum long term quantity of groundwater for the people of 
Evansville. Although the costs may seem high, once developed this re
source should be of constantly increasing value. 
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SPECIFICATIONS AND BID DOCUMENTS 

Because two alternative drilling sites are presented for selection by 
the Town of Evansville in consultation with the Wyoming Water Development 
C01l111ission, it is impractical to submit detailed Specif-icat;ons and Bid 
Documents for approval at this time. However, these can be delivered for 
review within ten days of notice of approval of the selection of a loca
tion. 

Further, at that time the required forms will be submitted to the Wyoming 
State Engineer. 
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BARREn BUILDING 

Michael H. Reese 
Adminstrator 

August 19, 1983 

Mr. Ted Akers 
Town Planner 
Town of Evansville 
PO Drawer 158 
Evansville, Wyoming 82636 

Dear Mr. Akers: 

TELEPHONE: 307-777-7626 

EO HERSCHLER 
GOVERNOR 

CHEYENNE, WYOMING 82002 

Walter J. Pilch 
Chairman 

James Noble 
Vice Chairman 

William J. Kirven. Jr. 
Secretary 

Lee Coffman 
Lewis Freudenthal 
Kenneth Kennedy 
J.W. Wes Myers 
Willard C. Rhoads 
Nelson E. Wren. Jr. 

This is to notify you that we have received and reviewed the report of Sargent 
Irrigation in regards to the Evansville Groundwater Exploration Project. We 
will approve the proposed drilling site at the South Hat Six site and also the 
Hat Six Lakota site. However, conversations with the Groundwater Division of 
the State Engineer's Office indicate that there may be problems with your second 
preferred site in the Emmigrant Gap area. I would suggest further communication 
with the State Engineer's Office before any decision is made to pursue drilling 
at that site. 

If you have any questions concerning this matter please contact me directly. 

Sincerely, 

~~ 
Evan J. Green 
Water Resources Economist 
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EMIGRANT GAP-HIGHWAY AREA 

When this report was initially planned and prepared the Emigrant Gap 
area was considered a hydrogeologically favorable location. Subsequent 
discussions with the Wyoming State Engineer lead to the conclusion that 
it would be fruitless to attempt a development in that immediate area at 
this time. 

The reasoning behind this statement is that the prevailing philosophy of 
the State Engineer is that any developer of underground water must bear 
the burden of proving that other wells or springs in the area are not and 
will not be damaged by his development. 

In this case the Speas Spring is the water source which must remain in
violate. Unfortunately, there is no scientifically collected base line 
data available concerning pressures or flow rates for this spring. There
fore it would be pointless to commence monitoring this spring at the time 
of drilling any other well or wells in the general area because any slight 
changes in the flow of the Speas Spring could not be attributed .to a doc
umented natural decline in flow or pressure. Further, with any mention 
of testinq the Casper Formation in that area, it becomes a political and 
emotional issue which drowns out any scientific merit as logically design
ed oata gathering and testing program might have. The proposal to drill 
a test well at the Emigrant Gap-Highway location was considered hydro
geologically non-ha~ardous to the Speas Spring because of the 3.3 mile 

~ 

distance between the two and the aggregate throw or vertical separation 
across three faults of approximately 1000 feet. 

The Emigrant Gap-Highway cross section shows what subsurface conditions 
may be in this locality. The left or south portion of this section re
flects what may be the subsurface conditions south of the proposed well 
location as a result of the Casper Mountain and Madison Creek faults. 
The center and right show the results of the crustal pressures which form
ed Emigrant Gap anticline. It should be noted that about 1000 feet west 
of the proposed location the Emigrant Gap fault intersects ·the Casper 
Mountain fault. Thus this set of faults, with associated fracturing 
probably results in a complex distribution of groundwaters at depth. 
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EMIGRANT GAP - HIGHWAY LOCATION 

The Emigrant Gap - Highway Location is recommended to be 1000 feet east 
of the west line and 1200 feet north of the south line, Section 6, T 32 
N - R 80 W (see Plate VII). This location situates the proposed well in 
a corner between the east-west trending Casper Mountain fault and the north, 
northwest trending Emigrant Gap axial strike fault. It is felt that this 
complex system of faults increases the probabilities of encountering highly 
fractured Casper sandstone and Madison limestone. 

It should be noted that three generally east-west fault systems se
parate the fault block proposed for drilling from the Speas Spring fault 
block three miles to the southwest. 

The proposed well would start in the Cretaceous Thermopolis shale and the 
top of the Casper Formation should be at approximately 2000 feet 
and the Madison at 2500 feet. The total depth of the well should there
fore not exceed 3000 feet. 

The productivity of this proposed well should be high because of the 
probability of highly fractured aquifer rocks. Since the location ;s at 
the south plunging end of the Emigrant Gap anticline and in a down-drop
ped fault block with faults radiating in at least three directions, it is 
anticipated that the associated fracturing and solution-enhanced porosity 
and transmissivity will be high and hence the well productivity. 

The piezometric surface is not known and difficult to estimate due to 
the faulting. Recharge sources and patterns are also subject to question. 
Here again great dependence must be placed on the geometry of the faulting 
and fracturing. 

The water quality is somewhat called into question by the high total 
dissolved solids, 3800 ppm, in the Mohawk well two miles to the north on 
the same structure. However, since the source of that water cannot be 
determined with any accuracy its high reading is discounted. 
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This well would start in the Thermopolis shale and be bottomed in the 
Madison or Deadwood Formation. The estimated tops are as follows: 

C1 over1 y Group 120 feet 
(Dakota, Fuson, Lakota) 
r.brrison 
Chugwater (Crow Mtn. Sd.) 
Al cova 
Goose Egg Fm. 
Casper Fm. 
Madi son Fm. 
Deadwood Fm. 
Pre -Cambri an 

210 feet 
780 feet 
900 feet 

1520 feet 
1900 feet 
2400 feet 
2700 feet 
2800 feet 

The above figures are minumums and assume that no faults are cut and that 
the dips encountered will not be high. It is therefore proposed that in 
the planning for this well a possible total depth of 3200 feet be used in 
fi guring costs. 

As with the proposed South Hat Six operation, it is critical that a drill 
stem test of the Casper Fonnat;on be run after penetration of the zone 
indicates the presence of water. There is a possibility that the Casper 
Formation may flow at the surface as it is penetrated by the bit, but un
less a check of the Conductivity of this water indicates the water to of 
acceptable quality, the D.S.T. should be run. This would be necessary to 
assure that contamination from up-hole waters and minerals are not affect
ing the waters from only the Casper Formation. 

Here again it is assumed that the Madison waters will be akin to those of 
the Casper Formation. However, with an analysis of Casper waters in hand, 
any deterioration of water quality may be attributed in large part to be
ing from Madison waters. The geophysical logging program should also be 
of great assistance in evaluating the waters of various zones. 

In the event that this test well indicated the area to be worthy of develop
ment then the well would be completed as described for the South Hat Six 

well. 
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Measured Surface Sections* 

COMPOSITE STRATIGRAPHIC SECTION OF FRONTIER FORMATION MEASURED 
IN SEC. 23, 35, and 36, T. 32 N., R. 78 w. 
Frontier Formation 

Wall Creek Sandstone Member 
Buff salt and pepper fine-grained 

cross bedded sandstone with 
yellow alteration and some 
limonite concretions. 

Yellow fine-grained sandstone. 
Grey salt and pepper fine-grai~ed 

sandstone. 
Brown fine-grained thin-bedded 

lenticular calcareous sand
stone interbedded with some 
black shale at the bottom be
coming more massive to the top. 

Grey-blue salt and pepper fine
grained calcareous sandstone 
with da1careous veins and it 
all weathers brown. 

Brown fine-grained calcareous sand
stone with specimens of 
Inoceramus sp. 

Black fissile shale with lenses of brown 
fine-grained sandstone with speci
mens of Inoceramus sp. and a large 
specimen of a silicified tree. 

Brown and tan fine-grained shaley 
sandstone. 

Brown fine-grained massive sand
stone. 

Brown and tan fine-grained shaley 
sandstone with thin lenticular 
beds of more massive sandstone. 

Feet 

14 
6 

1 

35 

17 

12 

34 
124 

COMPOSITE STRATIGRAPHIC SECTION OF FRONTIER FORMATION MEASURED 
IN SEC. 23, 35 and 36, T. 32 N., R. 78 W. 

Black to dark-grey fissile shale with 
very large and abundant concre
tions in the upper part. 

Salt and pepper fine-grained thin 
bedded sandstone with" a yellow 
streak. Forms a ridge in parts 
of the map area. 

Brown and yellow fine-qrained sand
stone that weathers into a 
scaley surface. 

407 

5 

4 

lOths 

8 

8 

9 

4 

6 

9 

1 

8 

-3-

2 

4 

* Sears, W.A., 1949, Geology of the Deer Creek-Smith Creek Area, Converse 
and Natrona Counties, Wyoming M.A. Thesis University of Wyoming, Laramie, 
Wyoming. 
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Dark-grey to black fissile shale with 
septarian concretions throughout. 636 

1m 
STRATIGRAPHIC SECTION OF MOWRY SHALE MEASURED IN SEC. 23, T. 
32 N., R. 78 W. 

Mowry Shal e 

Dark-grey to black siliceous shale 
which weathers a silver-grey. 
Has a yellow material occuring 
in films on the bedding planes. 
Contains abundant fish scales and 
specimens of Inoceramus sp. 

Brown to dark-grey shale. 
127 
238 
365 

STRATIGRAPHIC SECTION OF THE MUDDY SANDSTONE AND THERMOPOLIS 
FORMATION MEASURED IN SEC. 22, T. 32 N., R. 78 W. 

Muddy Sandstone 

Brown fine-grained thin tc cross
bedded sandstone 

Thermopolis Formation 

Hard grey shale with occasional 
1 enses of grey ferruginous 
sandstone. 

COMPOSITE SECTION OF DAKOTA GROUP (RESTRI CTED) MEASURED IN 
SEC. 23, T. 32 N., R. 78 W. and SEC. 11, T. 31 N., R. 78 W. 

Dakota Sandstone 

Hard yellow and white fine-grained 
cross -bedded ferrug"inous sand
stone with many small ironstone 
concretions in it. 

Fuson Shal e(?) 

Grey and blue calcareous shale. It 
varies in thickness laterally and 
is usually poorly exposed. 
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4" 

75 
75 

36 

6 

9 
9" 

3 
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Lakota sandstone 

Brown massive pebble conglomerate at 
the base with some cross-bedding. 
To the top the conglomerate inter
beds with a coarse-grained sand
stone. The basal conglomerate' 
thickens and thins throughout the 
area. In places it may be missing 
leaving only coarse-grained sand
s tone. 

STRATIGRAPHIC THICKNESS AND GENERAL LITHOLOGY OF MORRISON 
FORMATION WAS MEASURED IN SEC. 11, T. 31 N., R. 78 W. 

r.t>rri son Fonnati on 

Variegated shales, and sandy shales 
containing some bentonite seams 
and occasional thin shaley sand
stones and a few grey dense slabby 
lenticular limestones. 

STRATIGRAPHIC SECTION OF THE SUNDANCE FORMATION AND NUGGET 
FORMATION MEASURED IN SEC. 15, T. 31 N., R. 78 W. 

Sundance Formation 

Grey-green fossiliferous shale 
Grey and yellowish massive very 

fossiliferous limestone, with 
Ostrea sp. 

Grey calcareous shale. 
Yellow and white very fine-grained 

calcareous sandstone. 
Yellowish-brown fine-grained sub

angular to sub-rounded grained 
clayey sandstone. 

Mostly covered. From scattered out
crops it is a fine-grained inter
bedded calcareous sandstone and 
red shale. 

Grey calcareous shale with some thin 
lenses of limestone. 

Greenish very-thin bed of shaley lime
stone with ripple marks. To the 
bottom it grades into green shale. 
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35 
11 

132 
172 

45 

9 

8 

63 

9 
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3 

5 
7 

6 

5 

3 
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Sunda.nce Formation cont. 

Grey-green fissile calcareous shale. 
Yellow-brown fine-grianed rounded 

and frosted-grained calcareous 
and ferruginous sandstone with 
some larger coarse rounded quartz 
grains and calcite veins. 

Nugget Formati on ill 
White very fine-grained subangular to 

sub-rounded grained extremely 
friable sandstone. 

Jelm(?) Formation 

Light-red fine-grained calcareous 
sandstone. 

Red fine-grained rounded and frosted 
calcareous cross-bedded friable 
shaley sandstone. 

Red Fine-grained rounded and frosted
grained calcareous massive friable 
sandstone. These beds form a 
c 1 i ff i n p 1 ace s . 

Light red fine-grained rounded and 
frosted-grained fairly hard 
sandstone. 

Red-orange fine-grained rounded and 
frosted-grained calcareous cross
bedded friable sandstone with 
white clayey inclusions ;n it. 

STRATIGRAPHIC SECTION OF CHUGWATER FORMATION MEASURED IN 
SECTION 30, T. 32 N., R. 78 w. 
Chugwater Formation 

Alcova limestone member. 
Grey massive oolitic limestone. The 

lower portion has some grey thin
bedded limestone interbedded with 
it. 

Pink thin-bedded crenulated limestone 
that weathers to light-redbeds. 
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Feet 

39 

38 
38 

2 

28 

11 

15 

35 
93 

2 

14 

lOths 

7 

6 
8 

2 
2 

5 

1 

5 

4 

5 
0-

6 



Chugwater Formation cant. Feet 10ths 

Alternationg light and dark grey 
crenulated limestone with many 
calcareous veins in it. 5 

2T -6-

Grey very fine-grained blocky and 
crenulated sandstone with dark 
bands in it. 13 2 

Red sandy calcareous shale with some 
ripple marks and a few interbedded 
ted fine-grained sandstones. 631 1 

662 -7-

COMPOSITE SECTION OF PHOSPHORIA GROUP MEASURED IN SEC. 28 and 
30, T. 32 N., R. 78 w. 
Phosphoria Group 

Freezeout shale member. 
Brown massive fossiliferous limestone 

with some calcite inclusions in 
it. Fossils are Pleurophorus Spa 4 6 

Red calcareous shale. 26 7 
Brownish-red thin-bedded calcareous 

shale with calcite veins and 
black spots which may be organic 
matter. 1 7 

Dark-grey thin-bedded limey shale with 
cal cite veins and pyrolusite in 
it in dendritic patterns. 4 6 

Grey fissile calcareous shale. 13 
Red massive calcareous shale with 

calcite veins in it. 3 
Red calcareous shale with lighter red 

streaks in it. 52 8 
Grey-pink massive linestone with cal-

cite crystals and black specks 
which may be organic matter. S 

Red sandy shal e. 48 5 
Light-grey to light-blue massive lime-

stone with black specks which test 
in acid as petroleum. 1 4 

Red sandy shal e. 3 1 
Medium-grey to pink limestone with white 

limestone inclusions in it. Also 
black specks of petrol eum or organ; c 
matter. 6 

Grey limestone with pyrite inclusions. 
The upper portion ;s slightly 
crenul ated. 10 9 
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Phosphoria Group cont. 

Grey massive limestone with inclusions 
of calcite crystals in it. 

Grey thin-bedded limestone which 
weathers into small blocks. 

Grey massive crenulated limestone 
with black specks of organic 
matter. 

White finely crystalline limestone 
with thin black calcareous shale 
interbedded. 

Medium-grey loosely consolidated thin
banded limestone. 

Light-grey loosely consolidated clay 
with grey-green concretions in it. 

Red sandy shal e. 

Forelle Limestone 
Dark-grey crenulated sandy limestone 

of varying thickness laterally, 
more massive at the top becoming 
more thin bedded and crenulated 
at the bottom. 

Grey-pink limestone breccin which 
weathers as a small slope. 

Grey-white foamy limestone with a 
white crenulated lenticular 
limestone at the base and 
black specks which indicated 
organic matter when tested. 

Pink limestone breccia with blocks 
up to 1" in di ameter and di s
seminated black specks which 
when tested in acid indicate 
petroleum. 

Glendo Shale 
Red hard sandy shales and shaly 

sandstones. 

Minnekahta Limestone 
White massive limestone with small 

calcite geodes. Black grains 
were identified as organic 
materi al . 

Red paper shales interbedded with red 
thin-bedded shales and small cal
cite inclusions. The upper por
tion is slightly crenulated. 
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Feet 

84 
245 

1-3 

5 

2 

1 
T2 

87 

3 

10 

lOths 

3 

5 

9 

3 

5 

6 
3 
2 

9 

2 

5 
-6-

5 

4 
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Phosphori a Group cont. 

Reddish-purple thick-bedded crys
talline limestone with in
clusions of white fine-grained 
crystalline limestone. 

Opeche Shal e 
Mostly covered. Red calcareous 

shale. 
Tan to dark-grey banded coarse 

grained to fine grained slightly 
crenulated limestone. 

Brick-red calcareous shale with a few 
lenses of grey fine-grained sand
stone. 

Brick-red massive calcareous very 
fine-grained sandstone with 
lenses of grey fine-grained cal
careous sandstone. 

Brick-red sandy calcareous shale. 

Feet 

4 
18 

33 

1 

7 

1 
5 

48 

COMPOSITE STRATIGRAPHIC SECTION OF CASPER FORMATION~ MEASURED 
ON THE SOUTH SIDE OF HAT SIX CANYON IN SEC. 22, T. 32 N., 
R. 78 W. 

Casper Formation 

Partly covered. From scattered outcrops 
it is a buff fine-grained cross
bedded calcareous sandstone. 

Partly covered. Buff and yellow fine
grained cross-bedded calcareous 
sandstone. 

M:>stly covered. From scattered out
crops it is a yellow and buff 
very fine sub-rounded grained 
cross-bedded and medium-bedded 
calcareous sandstone. 

Buff massive limestone with calcite 
geodes and black specks of 
hemitite scattered throughout. 

Buff fine-grained medium to cross
bedded sandstone with a thin 
yellow limestone bed about 10 
feet from the base. 

Brownish-yellow very fine-grianed 
cross-bedded sandstone that has 
a warty weathered surface. 
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98 

24 

27 
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Casper Fonnation cont. 

Partly covered. Brownish-yellow 
very fine-grained cross
bedded sandstone. 

Yellow-tan fine sub-rounded to sub
angular grained slightly cal
careous sandstone. 

Tan to white massive limestone with 
some yellow very fine-grained 
sandstone in cracks. Fo nns a 
high cliff locally. 

Light-brown massi ve fossi 1; ferous 
breccia. Grades from resistant 
at top to less resistant at 
bottom. The fossils are probably 
fragments of a crinoid stem. 

Medium-grey massive fossiliferous 
limestone. The upper 4' con
tains abundant fusulinids. 

White-buff fine sub-rounded grained 
very thin-bedded calcareous sand
stone. 

Tan fine-grained massive calcareous 
sandstone. 

Grey massive fossiliferous limestone 
with Lino~roductus pra~tenianus. 

Grey massive l1mestone WhlC forms 
sharp cl i ffs. 

Grey to red fine-grained very thin
bedded calcareous sandstone. 

Tan very fine-grained massive cal
careous sandstone. 

Grey massive limestone which weathers 
grey-bl ue. 

Clay-grey thin-bedded limestone with 
lenses of pink very fine-grained 
calcareous friable sandstone. 

Red and green massive blocky breccia 
consisting of grey sandstone, 
green limestone and grey chert 
blocks. The sandstone blocks are 
about 2' in diameter, the chert 
2 to 3' and the green limestone 
;s approximately 6" to l' in 
diameter. The matrix is a fine
grained calcareous sandstone. 
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Feet 

43 

5 

37 

13 
431 

6 

18 

15 

13 

4 

10 

5 

10 

10 
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lOths 

8 

4 
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STRATIGRAPHIC SECTION OF DEADWOOD FORMATION AND MADISON 
LIMESTONE WAS MEASURED ON WEST WALL OF DEER CREEK CANYON IN 
SEC. 26, T. 32 N., R. 77 w. 
Madison Limestone 

Buff to pink massive limestone with 
some chert beds about , II thi ck 
interbedded in it. Contains 
abundent specimens of Spirifer 
centreratus. 

~stly covered. From limited out-
crops it is a grey to pink massive
to thin-bedded limestone with 
some calcite crystals in geodal 
cavities. 

Srey to pink massive limestone with 
abundant green calcite inclusions 
and calcite crystals in geodal 
cavities. 

White thin-bedded limestone with 
yellow calcite veins present. 

Mostly covered. From scattered out
crops it is a buff and brown 
mottled thin-bedded limestone. 
with inclusions of chert and 
cal cite veins. 

Lavender and yellow mottled thin
bedded 1 imestones with scatte"red 
thi n che rt beds. 

Alternating beds of buff lavender and 
pink thin-bedded limestone with 
calcite crystals calcite veins 
and chert present in minor aroounts. 

Deadwood Fonnation 

Yellow fine to medium angular to sub
angular grained thin-bedded cal
careous sandstone. 

Orange coarse to grit angular grained 
celcareous sandstone with limonite 
concretions about 1/4" in diameter 
present in minor amounts. 

Lower portion covered. Outcrops at top 
indicate a white to buff medium 
to coarse sub-angular grained cal
careous sandstone with some yellow 
limonite alteration marks. 
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Feet 

8 

48 

22 

13 

33 

7 

19 
151 

1 

1 

lOths 

5 

6 

4 

4 

9 

4 

5 



Deadwood Fonnati on cont. 

Light pink medium to coarse sub
angular grained sandstone more 
coarse and loosely cemented at 
base and grades into quartzite 
at the top. 

Partly covered. Scattered outcrops 
reveal a salmon-pink coarse to 
grit sub-angular grained sand
stone. 

Light-pink medium sUb-angular grained 
medium-grained bedded to cross
bedded sandstone with some grit 
sized quartz fragments in minor 
atrounts. 

Rust coarse sub-angular grained cal
careous sandstone. Slightly 
cross-bedded toward the top. 
The weathered surface has a 
beaded appearance. 

Grey coarse to medium sub-rounded 
grained slightly calcareous 
sandstone with some brownish 
red limonite alteration spots 

Lavender medium sub-rounded grained 
thin-bedded friable calcareous 
sandstone with grey calcite veins. 

Buff medium sub-angular grained sand
stone with some calcite veining. 

Light-brown coarse angular grained 
thin-bedded sandstone with some 
brown limonite alteration spots 
giving the rock a speckled ap
pearance. 

Red to buff arkosic sandstone contain
ing some grit to pebble sized 
quartz fragments. Some li.monite 
is present in small amounts. 

Greyish-pink basal conglomerats with 
quartz fragments up to 4" in 
di ameter in a coarse to fine
grained sandy matrix. The upper 
811 is locally cross-bedded. 

Feet 

3 

12 

17 

4 

3 

3 

3 

1 
60 

The DEAJ:WOOD fonnation 1 ies unconformably on the pre-cambri an 
metamorphic and igneous rocks. 
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