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INTRODUCTION

In November, 1935, the State Geologist, Dr. S. H. Knight, was
requested to meke a comparison of the well logs of the Prairie 0il and
Gas well on Little Sheep Mountain and the water well being drilled for
the towmn of Lovell on the north end of the same mountain, and to give an
estimete on the probable depth to possible water bearing horizons, The
well at that time was drilled to a depth of 3260 feet. From the compari-
son of the two well logs and the study of samples of the Lovell well
cuttings Dr. Knight estimated the depths to the tops of two probable
water bearing sandstones in the base of the Deadwood formation as
"seefirst water sand should be encountered within depth of less than 3450
feet., Second water sand at depth of less than 3850 feet, Granite at
depth of less than 4000 feet."

In April, 1936, another request for interpretation was received.
At this time the hole was drilled to & depth of 3774 feet. Scattered
samples between 3260 and 3550 feet, and fairly regular semples from
3550 to 3773 feet were submitted with the request for an opinion. No
log for the space between 3260 and 3774 feet was made available. From
the available date Dr. Knight concluded thaet the ",,.well has penetrated
50 feet into the basal Cambrian sandstone., Estimate position of granite
floor not more than 3900 feet."

Early in June, 1936, in response to & request for an independent
geological report on the Lovell water well the writer spent several days
in the region, No well log from 3260 to 3774 feet could be found in
Lovell and attempts to locate a copy in the office of the P.W.A. Inspection
Engineer at Lander, and the State P.W.A. office in Cheyenne were also



fruitless. An ettempt to locate the missing samples for the intervals

0 to 800 feet, 1675 to 3000 feet, 3260 to 3344 feet, 3344 to 3400 feet,
3400 to 3550 feet (aveilable samples at 3410, 3425, 3445, 3520, 3530 and
3550 feet) and 3600 to 3641 feet was of no avail, The samples available
are of little value for correlation as none of the criticel samples at
the contacts between formetions are included in those submitted to the
State Geologist's Office. The group of samples between 800 and 1675
feet come entirely within the Madison formation and all others submitted
are from the Deadwood. Absence of these data mkes it difficult to
determine the position of the bottom of the hole and the probasble depth
to the granite.

The Lovell water well is located in the 8% Sec. 16, T. 56 N., R. 95 W.
A well drilled by the Prairie 0il and Gas Company, the log of which is
availsble for comparison, is located in the NE} Sec. 35, T. 56 N., R. 95 W.
Both wells are on the northern part of Little Sheep Mountain, which is
situated in the northeast portion of the Big Horn Basin.

REGIONAL GEOLOGY

Stratigraphy.- The surface rock at both the Prairie 0il and Gas
Compeny and the Lovell water well is the limestone of the Ember formation.
In this report only the Embaer and underlying formations will be described.

The oldest rocks with which this report is concerned is the granite
upon which the sediments were deposited. The rock is a moderately coerse
greined red granite. The outcrops nearest the well loecation are found in
the upper part of Devils Canyon end along the upper pert of Five Springs
Creek, The granite had undergone long continued erosion before the
deposition of the sediments and was planed to & remarkably even surface
upon which the sandstones and shales of the Deadwood were laid down.

The Deadwood formation averages about 900 feet in thickness and
consists of a basal sandstone, a middle shale member with interbedded
sandstones in the lower portion and an upper slebby limestone member. The
bagsal sandstone averages from 20 to 50 feet in thickness and is made up of
& reddish brown sand, usually cosrse textured, which merge into conglomerate
at the base. The middle shale member consists of greenish grey shales and
sandy shales with inter bedded sandstones in the middle portion. This
member averages 600 to 700 feet in thickness. The shales merge upward
into slabby gray buff and pink limestones containing meny layers of
Yédgewlse" conglomerate. The limestones range from 20 to 200 feet in
thickness.

The Big Horn formation overlying the Deadwood consists of a basal
member 200 feet in thickness, made up of a hard resistant massive-bedded
dolomite and &n upper member of softer thinner-bedded limestone 100 feet
in thickness. There is often & thin white sandstone at the base of the
formation., The dolomite is & light buff color and is filled with a
coarse matted network of siliceous masses which gives the weathered rock
a rough network pattern on the surface,
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The Madison formation averages 1,000 feet in thickness and is made
up of an upper member of 250 feet of light colored moderately pure
massive bedded limestone and & lower member of 700 to 800 feet of
darker, harder limestone in beds 3 feet thick or less. There are some
sandy beds and locelly there are shaly limestones in the formation.

The Amsden, overlying the Madison, is a varieble series of red
limestones, sandstones, and cherty beds, The lower member is a red
sandy shale 50 to 100 feet thick, which is succeeded by an alternating
series of slabby limestones, sheles, and sandstones. The formation
averages 200 feet in thickness.

The next formation is the Tensleep sandstone which averages 100 feet
in thickness throughout the northern Big Horn Mountains, It is mede up
prineipally of white to buff sandetone in thick messive bedg. In places
the formation includes & lower member of 50 feet or more of softer buff
to flesh colored sandstone.

The Embar formation which forms the surface rock over most of Little
Sheep Mountain is made up principally of buff limestones with interbedded
buff to red shales. Near the base there are locally developed gypsum
beds, The formation at Little Sheep Mountein is 100 feet in thickness.

Structure.~ Little Sheep Mountein, on which both the Lovell water
well and the Prairie 0il and Gas Company well are located, is en anti-
clinal ridge, the axls of which is parallel to the front of the Big
Horn lMountains, The crest and the flenks at the north end of Little
Sheep lMountein ere formed by the limestones of the Embar formation. At
several places on the west side of the ridge the Embar is breached by
deep gulliesg and the upper part of the Tensleep is exposed, On the east
slde of the ridge the Embar has been removed end the Tensleep is exposed
for several miles. In Sections 34 and 35, T. 56 N., R, 95 W. the top of
the Amsden formation 1s exposed for some distance where ercsicn has cut
through the Tensleep and the Embar,

The anticline is asymmetric, with the steepest dip on the east flank.
On the north end of the mountain for a distence of 8 miles along the top
of the anticline the beds dip slightly to the west over 2 belt from
geveral hundred yards to approximetely & mile wide., The beds break off
ebruptly at the crest with a steep dip to the east and slso dip steeply
to the west at the west margin of the low dip belt mentioned above.
Beginning in Sec. 16, T. 56 N., Rs 95 W. the structure plunges rapidly to
the north. At the nose of the anticline where the Embar limestone plunges
beneath the Chugwater the dip on the crest is 22° to the northwest.

The Lovell water well is located in the S} of Sec, 16 T. 56 N., R,
95 W. on the nose of the anticline approximately on the contact between
The Ember and the Chugwater. The Prairie Oil znd Gas Company well is
located in the NE} Sec. 35, T. 56 N., Rs 95 W. on the top of the ridge,
on the flat-lying beds epproximetely at the top of the Embar formation,



To the esst the beds plunge beneath a wide flat valley where they
are overlain by younger rocks. They appear again on the west flank of
the Big Horn Mountains. In that portion of the west flank of the Big
Horn Mountains that parallels Little Sheep Mountain the beds dip west
at & low &ngle for some distence then steepen abruptly through & hori-
gontal distence of approximetely one mile to flatten out agein to a low
westward dip for 3 to 6 miles then rising again to form Little Sheep
Mountain,

Several small faults were noted at the north end of Little Sheep
Mountein, One fault cuts diagonally across the nose of the structure
Just north of the Lovell well location. The strike of the fault is
approximately N. 75° W. The fault could not be traced into the beds on
the west side of the structure. The fault is to be seen in the sandstone
at the top of the Chugwater where the dip changes from 30° on the south
side of the fsult to 10° on the north side. The bed is not appreciably
displaced. The same change in dip wes observed where the feult cuts the
sandstones at the top of the Sundance end the ridge formed by the sand-
stone is offset approximately 50 feet. With depth, if the fesult persists,
there would be an increase in displacement of the beds, The fault lies
between the Lovell well location and the Big Horn Mountains and it is
possible that it offsets the sandetones of the Deadwood enough to hinder
any direct flow of water from the outerop on the Big Horn Mountains.

COMPAPTSON OF WELL LOGS
The collar of the Prairie 0il end Gas Company well is epproximately
at the top of the Embar formation. The log shows the following sections
through the underlying rocks.
Prairie Oi1 end Gas Company Well - NE: See, 35, T. 56 ¥., R. 95 W.

Feet Feet
limestone

Eabar o o« s & o A i el e
Tensleep ¢« « » « 95 & 4 35. + .+ sandstone
10 . « » limestone
50 «+ + « sendstone
Amsden » ™ . . 185 . . 55 . . » limestone
15 s« s+« + 8hale
35+ « + limestone
55 « « « 7red shale
20 4 + + browm sandstone
5« +« « Dblack send
Madison . . . « 1070 - 535 . . « limestone
54+ & o+ shele
275 + 4+ + limestone
25 « + « ghaele and lime
230 . . « limestone



Feet Feet
BigHorn « « o« o 320 & o+ 145 4 .+ o alternating lime-
stone and sandy
limestone
10 B B 5 sandstone
170 + «+ + sandy limestone

Deadwood « + 4« + 1165 769 « o+ . elternating beds
of limestone and
shale

51 + « + salt and pepper
sandstone

48 + 4+ + Dbroken sand and
slate

180 . . « blue brown and
pink shale

20 4+ + .« black sandstone
22 .+ .+ . gray sendstone
7 .« .+ .+ reddish sandstone

Water was encountered zt several horizons in the well but the greatest
emount in two sendstones in the base of the Deadwood. The upper of the
two sandstones is 99 feet thick and consists of 50 feet of light browm
"selt and pepper" sand underlain by 48 feet of rusty brown send with some
shale, Thie sandstone i1s separated from the basal sand by 180 feet of
blue and brown shale., The basal sand consists of 148 feet of gray and
reddish sendstone with conglomeratic arkosic sand in the lower portion.
This send rests directly upon the grenite, It is reported thet the water
rose tc within 300 feet of the surfece from the sends desecribed sbove.
The surface elevation &t the collar of the well is 5140 feet so the water
rose to an elevation 4840 feet.

From the log of the Lovell water well it 1s difficult to determine
the contacts of all the formations encounterei. The samples in the upper
pert of the well eare not available end comparison of the log to the nearby
exposures of the upper Tensleep and Embar shows little sgreement., The
contacts to the base of the Madison ere drawn arbitrarily. None of the
contacts between the various formetions are included in the samples

Lovell Water Well - 8% Sec. 16, T. 56 N., R. 95 V.
Feet Feet

Embar . . . . . 180 . . 110 . @ lime
20 + . red shale
18 . . gray lime
15 » « hard lime
17 . ., blue shele
Tensleep « + o+ + 123 . o 20 . . blue and grey shale
25 ° « Dblack sand
38 . . gray sendy lime
34 « .+ sand -sulphur water
6 + . fine gritty send



Feet Feet

Amgden .+ o o« o 240 (?) . 22 , . Dblue shale
20 « + 1lime
65 o+ . sandy lime
133 (?) « grey lime (?7)
HMadison - . . 1197 . . 182 . » Eray lime
15 « + browm lime
340 4 . gray lime
20 . .« sand - fresh water
630 . . 1lime, some shale
BigHorn . + o+ « 420 . o+ 255 . . alternating hard

lime (dolomite) and
sandy lime (siliceous
dolomite)
93 . +» dinme
i5 « « fine sand - water
28 + o+ hard sandy lime
(siliceous dolomite)
29 +» & sand
Deadwood ¢ « & o 530 & o & + « &lternating lime and
blue and gray shale
583 5 ¥ « + blue and grey shale
and sandy shale
“ w5 . » « Dbelow thisg point the
log is not evailable
Bh av.ea ¢+ o blank - no samples
186 o & » « scattered samples -
; nixture of shele and
fine quartzite
b R Ty « « seample - gray shale
OF » o o « + gray shale with some
fine quartzite
% s 2"ia » « dark green and maroon
gshale
34 - - © . B blank
6 ¢ o s ¢« + gray shale and fine
white gquartzite
X e . . « black shale
TR « + medium to coerse sand,
slightly arkosic

Water was encountered in this well at several horizons including the
sendstone in which the well is now bottomeds It is reported that water .
rose from 600 to 400 feet of the surface in nearly all cases where water
in quentity wes encountered. The water level at present is reported to
be within 400 feet of the surface (elevation of water 3700 feet).

Comparison of the two well logs shows considerable thickening of the
formations in the Lovell well. Thig incresse in thickness is due to the
dig of the beds at the Lovell well location. At the surfece the beds dip
22" to the NW. The proportion of increase becomes greater with depth and



it is probable that due to the inclination of the axial plene of the fold
the well at the bottom is on the east flank of the structure rather than
on the crest as is the case at the surface.

ARTESIAN WATER POSSIBILITIES

Water is taken into the porous beds of the series sbove described
where they outerop on the flanks of the Big Horn Mountains, It percolates
down the dip of the beds, saturating the sands and forming e potential
reservoir beneath the valley below. Where fissures or wells penetrate
to the sandstones the water is forced up by hydrostatic pressure, coming
to the surfece if the head is great enough to bring the watef to that
elevation, Thus, to obtein an artesian flow of water there must be a
source of water st the outcrop of a given sand and there must be sufficient
head to force water to the surface.

From Five Springs Creek north along the outerop of the Deadwood forma-
tion few streams cross the sandstones and for some distence the Deadwood
is faulted out., In the light of the above conditions it is believed thet
the sandstones would collect little water in this sone end it is not
enticipated that eny large artesian flow of water will be encountered in
wells in the area directly down the dip of the beds. The north half of
Little Sheep Mountain comes within this zone. South of Five Springs Creek
the Deadwood is crossed by numerous streams, providing an abundence supply
of water. The elevation along the outcrop varies from 7,000 to 8,500 feet,
Some water percolating down the dip from this belt would spreead out
laterally, saturating the sandstones for some distance north and south of
the zone directly below the source. The saturated sone would be fan shaped
and the hydrostatic head would be cut down rapidly to the north and south
of the zone below the source of supply. It is probsble that the water
reported from the Prairie 0il and Ges Company well was derived from the
belt of supply south of Five Springs Creek. The heed, however, had
diminished to a point thet brought the water only to an elevation of 4840
feet, TFour miles north at the Lovell well location the head had further
dropped, forcing the water cnly to an elevation of approximately 3700 feets

CONCLUSIONS

Lacking a log of the Lovell water well from 3260 feet to the bottom
of the well and having inadequate samples from 3200 feet to 3520 feet it
is difficult to make & definite correlation of the position of the bottom
of the well, The date availsble indicates that the well has penetrated
70 feet into the sandstone &t the base of the Deadwood formation. The
position of the granite floor is estimated at approximately 150 feet below
the present bottom of the well (depth of 3922 feet). '

It is possible that a larger quantity of water will be encountered
by drilling to the granite. It is not expected that water encountered in
the remakning 150 feet will rise much above the present reported level,
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at 800 feet
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SAMPLE DETERMINATIONS

Lovell Water Well

No samples. This interval includes the Embar, Tensleep,
Ansden and Upper Madison formations.

Derk brown limestone and buff clay

Dark brown limestone and buff clay

Cream colored limestone

Cream colored limestone

Cream colored limestone and brown limestone with buff clay
Brown limesfone

Cream colored limestone

Cream colored and brown limestone

0il stained limestone

0il stained limestone

0il stained limestone

01l stained limestone

Gray fine textured limestone - some pyrite

Gray fine textured limestone

Gray fine textured limestone

Gray fine textured limestone

Flesh colored limestone which conteins pyrite
lottled blue end pray limestone

Mottled pink and gray limestone

Blue-gray limestone

Blue-grey limestosne

Buff limestone

Cream limestone with considershle opaline silicas
Creem limestone some opeal

Buff and gray limestone

Cream colored limestone

Cresm colored limestone

Cream colored and derk gray limestone

Cream colored cley end oil steined linsstone

0il stained cley and limestone

0il steined limestone, some cresm colored limestone
01l steined limestone, some cream colored limestone
Cresm colored clay snd limestone

Gray limestoue

White limestone

Dirty buff cley

Blue limestone

0il stained limestone

0il steained limestone with clean cream colored limestone
Cream colored limestone

Flesh colored limestone

Flesh colored limestone

Fine lime-sand (not quarts)

Fine lime-send and blue lkmestone

Appendix 1



at 1240 feet Blue limestone

no1285 n Cream colored end blue limestone
1300 :® Cream colored limestone
& 1310 = Cream colored limestone
® 1315 Cream colored limestone
" 1325 " Cream colored limestone
® 1330 * Cream colored limestone
R 1340 Cream colored limestone
5. 3990 . ¥ Blue-gray limestone
" 1360 © Blue-gray limestone
¥ ¥ iy S Blue-gray limestone
. 1980 . * Blue-gray limestone
w1300 " Blue and creem colored limestone
¥ 1400 ® Blue and cream colored limestone
140 " Blue and cream colored limestone
® 1420 Blue and cream colored limestone
¥ 1430 » Blue and cream colored limestone
LI 7 XL SR Buff limestone
. e Blue-gray limestone
L e o Blue-gray limestone
" 1480 ¢ Blue-gray and buff limestone
1490 0 Blue-gray &nd buff limestone
" 1500 ¢ Gray limestone
B 150 ¢ Cream colored limestone
" 1520 v Cream colored limestone
B 1540 Cresm colored limestone
" 1550 * Cream colored limestone
no1560 ¥ Creem colored limestone
150 n Creem colored limestone
w1585 0 Cream colored limestone
B 1595 = Mottled blue and creem cclored limestone
P 1600 " Creem colored limestone
m 1610 " Creem colored limestone
" 1615 " Cream colored limestone
no1625 0 Buff limestone
1635 o Buff limestone
"o1640 Derk buff limestone
" 1650 *® Cream colored limestone
" 1660 0 Cream colored limestone
"o1675 Cream colored limestone
1675 to 3000 * No samples. This intervel includes the Besal Madison,
Big Horn &nd Upper Deadwood formations.,
at 3000 " Dark gray shale and sandy shale
" 3010 ® Dark gray shele and sandy shale
® 3020 Dark grey shale and sendy shele
¥ 3030 *» Dark grpy shale and sandy shale
® 3040 " Dark gray shale and sendy shale with some fragments of

fine grained gray quertzite
3080 ¢ Derk gray shale and sendy shale with some fragments of
fine grained gray Guartzite

Appendix 2



at 3060 feet
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3070
3080
3090
3100
3110
3120
3130
3140
3150
3160
3170
3180
3190
3200
3210
3220
3230
3240
3250
3260
3344

3400
3410
3425
3445
3520
3530
3550
3560
3567
3573
3580
3587
3595
3600
3615
3641

3650
3655

2 2 2 2 3% 8% 2 om N 2T 3 3 T 3 P LT 3 o=

Dark gray shale with some limestone fragments
Dark gray shele and sandy shale
and sandy shsle, some red shale

Greenish-gray
Greenish-gray

Greenigh-gray
Greenish-gray
Greenish-gray
Greenish-grsay
Greenish-gray
Greenish-gray
Greenish-gray
Greenish-gray
Greenish-grey
Greenish-gray
Greenish-gray
Greenish-gray
Greenish-gray
Greenish-gray
Greenish-gray
Greenish-grey
Greenish-gray

shale
sendy
sandy
sandy
sandy
sandy
sandy
shele
shale
sandy
sandy
sandy
sendy
sandy
sandy
sandy
sandy
sandy
sendy

shale
shale
shale,
shale »
shale,
shale,

shale
shzle,
shale
shale
ghele,
shale,
shale,
shele,
ghale
shale,

some
aome
some
some

some

some
some
some
gome

gome

Hixture of gray shele and white
speckled with glauconite
liixture of gray shale and white
meény fragments of which ere speckled

(Cavings) Mixture of

glauconitic guartzite

ixture of gray shale end
Mizture of gray shale and
Mixture of gray shsle and

quartzite

Dark greenigh gray shale
Black micaceous shzle &nd
Derk grey shale with some
guartzite fragments
Dark grey shale and white

quartzite

Dark gray shale and white

quartzite

Dark gray shsle with some
quartzite, mostly shale
Dark grey shale with fine
fragments of quartzite

Grey shale

white
white
white

fragments of gray quartzite
fregmentes of gray quartzite
fragments of gray quartzite
fragments of gray quartzite

fragments of gray quartzite

grey
gray
gray
gray

grey
fine

fine

gray micaceous

fine
fine
fine

quartzite
quartzite
guartzite
quartzite

quertzite
textured cuartzite

textured quartzite,
with gleuconite
shele and white

textured glauconitic quartzite
textured gleauconitic quartzite
textured glsuconitic

white quartzitic sand
fine groined white, glauconite

fine textured glauconitic

fine textured glauconitic

white fine textured glauconitic

white quartz sand, few large

Gray shale, & little fine sand in sample

Gray shale

Gray shale and dark meroon shale
Gray shele and dark meroon shale
Gray shale and dark maroon shsale
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at 3665 feab
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3670

- 3704

3715
3720
3725
3727
3732
3738
3742

3745
3750

3752
3755
3760
3762
3768
3770

3773

"

Dark green and dark meroon shale

wrk green and dark meroon shale
50-50 mixture derk grey shale and fine grained white
angular qguartz sand
Mixture dark gray shale end fine white angular quarts
sand, some f{eldsper
Aixture dark shale end fine angular quartz end feldspar
sand
Bleck shale with some guarts sand
Black shale
white quartz sand, medium téxtured, some feldspar &nd
shele
White quartz sand, medium textured, some feldspar and
shale
HMedium to fine texturad quartz sand, some feldspar and
shale
Coarse textured somewhat arkosic sandstone, some shale
Coarse to medium textured slightly arkosic sandstone,
some red shale
Coarse to fine textured sandstone, soume feldspar and
reddish micaceous shale
iledium to fine textured sendstone, some feldsvar and
some green shale
Medium textured slightly arkosic iron steined sand
Medium textured slightly asrkosie iron steined sand
Derk green and meroon shale
liediun texture to fine texture srkosic sand, some
dark green shale
Medium to fine textured arkosic sand
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