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GEOLOGY AND GROUND-WATER RESOURCES OF THE HELENA VALLEY, MONTANA

By Howard W. Lorenz and Frank A. Swenson

WITH A SECTION ON THE CHEMICAL QUALITY OF THE WATER

By Herbert A. Swenson

ABSTRACT

4 study of the geology and the ground-water conditions of the Helena
Valley, in the west-central part of Montemna, was made during the summer of
1948. The purpose of the study was to gather data on the occurrence of
ground water and its relation to present and proposed irrigation in the
area. With such data one may better predict the effects of the application
of irrigation water to additiomal lands in the area.

The Helena Valley is & small intermontane basin. It is surrounded by
rocks ranging in age from pre-Cambrian to Cretaceous and its floor is under-
lain by Tertiary "lake beds,” which are mantled by younger alluvial fans in
much of the valley. Folded and feulted Paleozoic limestone, shale, and
quartzite beds, more than 5,000 feet in total thickness, are exposed in the
mountains south of Helena. These sedimentary rocks have been metamorphosed
by intrusion of the adjacent Boulder batholith. Folded pre-Cambrian sedi-
mentary rocks form the other mountains that surround the area.

The principal water-bearing formations are the thick alluvial fans and
the underlying "lake beds."” The water in the alluvial fans generally is
under water-table conditions whereas the water in the "lake beds" in the
lower part of the wvalley is confined under artesian pressure and produces
large flows of good-gquality water in places. Wells drilled into the
deposits of coarse boulders, cobbles, and indurated tuffs of "lake beds"
along the southern mergin of the valley yield only meager supplies of water.
The Cretaceous, Paleozoic, and pre-Cambrian rocks yield onlv small quanti-
ties of water to wells and springs.

Approximately 8,500 acres of formerly productive farm land in the lower
part of the Helena Valley is waterlogged at the present time as a result of
the increased ground-water recharge caused by irrigation of the higher lands
in the valley. If more lands in the higher part of the valley are irrigated,
the extent of the waterlogged area will increase unless provision is made
either to prevent additional ground-water recharge or to recover and dispose
of the excess ground water. '

1



2 GEOLOGY AND GROUND-WATER RESOURCES OF THE HELENA VALLEY, MONTANA

Ground waters in the valley contain moderate amounts of dissolved
solids, the predominant ions being calcium, bicarbonate, and sulfate,
Little difference is discernible in the composition of waters in the Qua-
ternary and Tertiary deposits; the dilute nature of these waters indicates
that the valley £ill is derived from formations containing only small
amounts of soluble minerals.

The quality of the ground water appears to be little affected by re-
charge of the ground-water reservoir from return irrigation flows. Water-
logged areas may in time show an increase in mineralization as a result of
evaporation. .

Both ground and surface waters are classified as "excellent to good"
on the basis of Wilcox's criteria for irrigation waters. Boron, percent
sodium, and dissolved solids are relatively low. Waters used for drinking
or domestic purposes are generally considered satisfactory except, in some
instances, for hardness. . .

INTRODUCTION

Purpose and Scope of Investigation

The purpose of this investigation was to gather data on the occur-
rence, conditions, and potentialities of the ground water in the Helena
Valley. Special consideration was given to the source of the ground water,
to its direction of movement, to the fluctuations of water levels in wells,
to the depth to the water table below the land surface, to the available
supply, and to the present and potential extent of waterlogging and means
for alleviating it. This study was a part of the program of the Interior
Department for deévelopment of the Missouri River basin, and it is directly
related to the proposed Canyon Ferry project which calls for diversion of
water from the Missouri River into the Helena Valley to irrigate about
10,000 acres of land not now irrigated and to furnish additional water to
about 5,000 acres of land already irrigated.

This report is based principally on field work done by Howard W.
Lorenz between July and early November 1948. However, water-level measure-
ments made during April, May, and June, 1948, by the Bureau of Reclamation
are incorporated in this report. The geology of the area was mapped on
aerial photographs, and the field data were later transferred to a base mep
by use of a sketchmaster. An inventory was made of all wells in the area;
water levels in observation wells were measured periodically; and a water-
table contour map was constructed from instrumentally determined altitudes
of water levels in wells.

The field investigation was under the general supervision of A. N.
Sayre, chief of the Ground Water Branch of the Federal Geological Survey,
and G. H. Taylor, regional engineer in charge of ground-water investigations
in the Missouri River basin. F. A. Swenson district .:olc .st was in
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immediate charge of the field studies and collaborated in the preparation
of this report.

The quality-of-water study was under the general direction of S. K.
Love, chief of the Quality of Water Branch, and under the immediate super-
vision of P. C. Benedict, regional engineer in charge of quality-of-water
investigations, Missouri River basin. Analyses of samples completed for
this report were made by M. B. Florin, R. H. Langford, and R. P. Orth.

Location and Extent of Area

The Helena Valley lies in the southeastern part of Lewis and Clark
County in west-central Montana. (See fig. 1.) The area studied is 9 miles
wide and 15 miles long and is completely surrounded by hills and mountains
except for a narrow canyon that connects Helena Valley on the northeast with
the valley of the Missouri River. It is bordered on the west by the main
range of the Rocky Mountains and on the east by the Spokane Hills. Helens,
the capital city of Montana, lies in the southwest corner of the valley, and
East Helena, the second largest city in the valley, is 5 miles east of Helena.

Previous Investigations

The geology of the Helena mining district is described in detail in
reports by Knopf and by Pardee and Schrader. These reports, and other
publications consulted by the authors, are listed at the end of this report.

Acknowledgments
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study and in the preparation of this report. A. H. Tuttle, district
engineer, Surface Water Branch, United States Geological Survey, rendered
many services to the writers during the field season. ¥F. V. Munro and
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had gathered in beginning a drainage study in the Helena Valley. F. E.
Buck, state engineer, supplied information concerning irrigetion, and H. B.
Foote, director, Division of Sanitary Engineering, Montana State Board of
Health, furnished well logs. Walter Riddock, local well driller, and the
Porter Brothers Mining Co. furnished detailed information about wells and_
test holes they had drilled. Many farmers furnished data concerning their
wells and gave permission for periodic measurement of the water level in
them. '
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History of the Areg

Arrowheads and tomahawks carved from stones of local origin indicate
that the Helena Valley was at one time inhebited or visited by Indian
tribes. '

. .Members of the Lewis and Clark Expedition were undoubtedly the first
white men to see the valley. On July 19, 1805, Lewis and his party passed
through the narrow gorge cut by the Missouri River through the folded
structure of the Big Belt Mountains 15 miles northeast of Helena. Clark.
(Thwaites, 1904, vol. 2, pt. 2, pp. 248-251) described the rocks of this
‘region in his journmal and he named the narrow canyon the descriptive and
now well-known "Gates of the Mountains.” In the same journal Captain Clark
described the Jjourney he and his scouting party made through a beautiful
valley of great extent and across which a beautiful creek flowed. That
valley is believed to be the valley described in this report. Clark
mentions having pulled 17 prickly pear thorns from his bruised feet that
evening and it may have been from that circumstance that PricKly Pear Creek
in Helena Valley received its name.

In 1864 a group of miners under the leadership of John Cowan (Campbell,
1915, p. 123) and known as the Georgians were prospecting in this area.
Their search for gold had proved fruitless, but before returning to the east
they decided to take one last chance in a small gulch that previously had
been bypassed. It was here on July 14 that gold was discovered, and imme-
diately the small valley became known as Last Chance Gulch. Word of the
strike spread rapidly, and soon mining cabins were clustered along the
slopes of the gulch. Tailings from the sluice boxes, which washed down the
gulch, formed the roadbed of the wagon trail that later became Main Street
of Helena. The same year the name of the small settlement was changed from
Last Chance to Helena, in honor of Helena, Minn., the home of a prominent
miner.

With continued discoveries of gold, silver, and lead bodies in the
mountains to the south, Helena in 1875 became the capital and most important
town in the territory. By 1888 it was well known as a great mining center
and, being credited with some fifty millionaires (Montana State Guide Book,
1939, p. 161) was said to be one of the richest ¢ities per capita in the
United States. The Northern Pacific Railway was completed to Helena in
- 1883, and the first train crossed the Continental Divide west of Helena on
August T of that year. The Helena & Jefferson Railroad, now part of the
Great Falls-Butte branch of the Great Northern Railway, was completed during
the latter part of the same year. Ten years later, however, a drop in
silver prices brought an end to the thriving prosperity.

Development of this region by the building of Hauser, Holter, and
Canyon Ferry Dams on the Missouri River between 1900 and 1910 brought
another period of temporary prosperity, and work now being done on the
Canyon Ferry dam site has again brought prosperity to this area.
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Well Numbering System

In this report, wells are numbered according to their location within
the General Land Office system of land subdivision. The component parts of
a well number are the township number, the range number, the section number,
and the two lower-case letters which indicate, respectively, the quarter
section and the quarter-quarter section in which the well 1s located. The
lower-case letters are assigned in counter-clockwise order beginning with
a in the northeast quarter or quarter-quarter section. Serial numbers are
appended to the location number if two or more wells located within the
same quarter-quarter section are to be distinguished from each other.

This system of numbering wells according to their location is illus-
trated in the figure below. )

R. 4 W. R. 3 W. R.2W.

11 N.

T.

T. 10 N.

T. 9 N.

10-3-22da

Section

R. 3 W.
6|5 |4

3
718 91(*\1112

. |
=118 17|16 15\ 14| 13 !
(=
- | | o]
19
B 9| 20 2122!23 2k E ib | o
30|29-|28|27 |26 | 25 e a____
|
a

31|32 | 3334|3536

Figure 2.--Sketch showing well-numbering system used in this report.
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10 GEOLOGY AND GROUND-WATER RESOURCES OF THE HELENA VALLEY, MONTANA

wvhich drain the mountainous slopes to the west of Helena Valley. Spokane
Creek drains the hilly area at the southeastern end of the valley and flows
directly into the Migsouri River.

Prickly Pear Creek splits into several distributaries on entering the
valley near East Helena. The principal distributary flows northwestward
to its confluence with Tenmile Creek about a mile southwest of Lake Helena,
but the water in the other distributaries is used principally for irriga-
tion in the area between East Helena and Lake Helena. Sevenmile Creek
Joins Tenmile Creek about 3 miles northwest of Helena, but Silver Creek,
which is joined by a stream draining the northwestern end of the valley,
flows directly into Lake Helena.

The Geological Survey maintains a gaging station on Tenmile Creek
near Broadwater. The discharge figures for this station for the 10-year
period 1936 to 1945 are given in table 1. Discharge measurements, made
October 25, 194k at two points, are the only stream-flow records available
for Prickly Pear Creek. (See table 2.)

Table 2.--Discharge measurements at two points on Prickly Pear Creek,
October 25, 19u4k

Location Tt
SELSEi+ sec. 36, T. 10 N., R. 3 W., 1 mile upstream from
East Helena, MONtaNna..oceceoecoccscsscrssscsssonsssons hi.7
NELNEL sec. 36, T. 10 N., R. 3 W., 500 feet downstream
from highway bridge in East Helena, Montana.......... a 33.9
DQQ:.--«»..-n-o»-..e;-..o.a...oooo.-o.a.oo»-ooooo. 36.2

a Difference in flow due to change in diversions upstream.

Climate

The climate of the Helena Valley is characterized by low precipita-~
tion and a wide temperature range. The low relative humidity tempers the
discomfort that might otherwise be caused by the temperature extremes. In
the winter occasional warm northwest winds, known as chinooks, usually pre-
vent the accumulation of a persistent snow cover. The summer days are
sunny and warm and the nights are cool. All in all the climate is pleasant
and invigorating.

The average annual precipitation recorded by the U. S. Weather Bureau
station at the Helena airport for a 65-year period, 188k-1948, is 12.61
inches. (See fig. 4.) About 33 percent of the annual precipitation occurs
during the months of May and June. June is the wettest month, receiving on
the average, 18 percent of the annual precipitation. February is the driest
month receiving, on the average, only 5 percent of the annual precipitation.
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12 GEOLOGY AND GROUND-WATER RESOURCES OF THE HELENA VALLEY, MONTARA

Local, dashing showers characterize much of the spring end summer rainfall.
Occasionally these showers are accompanied by hail that is very damaging
to farm crops, especially vhen whipped by high winds.

Since 1884 the annual precipitation has ranged from 6.28 to 19.63
inches. The rainfall often is very spotty in occurrence; several exceed-
ingly dry months are sometimes followed by months of excessive rainfall--a
fact not indicated in annual rainfall totals. If all the wettest months in
this 65-year period were to occur in any onme year, a total of 41.68 inches
would be received. In like fashion, if the driest months in this period
were to occur in any single year, the total annual precipitation would be
only 0.82 inch.

Pardee (1925, p. 12) studied precipitation data recorded at Helena
and noted a marked cyclic recurrence of dry and wet periods from 1881 to
1922. The cycles were approximately O years long. However, records of
more recent years do not show such a cycle. Since 1927 the annual rainfall
has frequently been below the pre-1927 average and the average yearly pre-
cipitation has declined from 13.77 to 12.61 inches. The graph showing the
cumulative departures from average precipitation indicates that the period
between 1890 and 1917 was characterized by excess precipitation and that
the period from 1917 to 1948 has been cheracterized by generally deficient
precipitation. (See fig. 4.)

The mean annual temperature at Helena is 43.8° F. The lowest recorded
midwinter temperature was -42° on January 31, 1893, and the highest re-
corded midsummer temperature was 103° F. on August 21, 1940. January is
the coldest month with an average temperature of 20.5° F. and July is the
wvarmest with an average of 67.8° F. The normal frost-free period is from
May 3 to October 1, an average growing season of 151 days. Small grains are
usually seeded during the last part of April or early in May and are rarely
injured by late spring frosts, but occasional early fall frosts damage irri-
gated crops in the lower parts of the valley.

Brisk westerly and northwesterly winds occasionally sweep across this
areca, especially during late winter and early spring. During dry periods
the winds accelerate the evaporation of needed soil moisture and damage
newly seeded fields by whipping and drifting the loose soil. The warm
chinook winds during the winter are very beneficial to both the farmer and
the rancher, melting burdensome snow and keeping open watering holes and
springs from which stock may drink. Because of the irregularity of the
winds, windmills and electric windchargers are lacking in the Helena Valley.

Agriculture and Vegetation

The Helena Valley, because of its low mean annual precipitation and
temperate growing season, is best suited for the raising of small grain
crops and of livestock. Winter wheat is the principal small grain crop and
is grown extensively on the higher, rolling land at the eastern end of the
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valley. Small acreages of barley and oats are sown each year in the valley.
The subnormal rainfall of the last 21 years has prompted farmers to summer-
fallow and use other dry-land farming methods where supplemental water sup-
plies are unavailable. Approximately half the land under cultivation in
this area is farmed by dry-land methods.

Lowlands in the central part of the valley, which have a high ground-
vater level, are used for hay production and pasture land. Other lowland
areas, if irrigated, produce high yields when planted with potatoes, forage
crops, and certain small grains. The farmers of the valley have a good
market for their poultry, eggs, and dairy products at Helena and East Helena;
often the demand exceeds the supply of some farm products and their import
from neighboring regions is necessary. Many farmers of the valley have range
land in the mountains for summer grazing. During the winter the herds are
brought down and wintered in the valley. Large herds of cattle and sheep are
raised in this area.

Yellow pine and Douglas fir cover a large part of the mountain slopes
in the southern and western parts of the area; there is an especially heavy
growvth of these trees on the highly weathered surface of the Boulder batho-
lith near Unionville. The lower mountain slopes and the rough mountains
north of the valley support a sparse growth of pine, cedar, juniper, some
tall grasses, and various shrubs. Cottonwood and willow trees and service-
berry shrubs grow along the streams of the valley and on favorable canyon
slopes. Quaking aspen is confined to the seeped (waterlogged) and poorly
drained areas.

Tall grasses, such as the bunch wheat grass and the fescues, predomi-
nate on the higher table lands and lower mountain slopes. The short grass,
such as grama grass and its associated species, grow better on the lower
valley ground. Sedges, wire grass, and slough grass make up a large part
of the vegetation on the wet bottom lands, and greasewood, salt bush, and
salt sage thrive in the more poorly drained and saline soils. A few lark-
spur and locoweed, plants poisonous to livestock, grow in the lower valley
areas.

History of Irrigation

During the early agricultural development of the Helena Valley, farm-
ers began diverting water from the perennial streams to irrigate their
crops. At the present time, approximately 10,000 acres are irrigated from
waters of Prickly Pear Creek and several thousand acres more from Tenmile
and Sevenmile Creeks (Gieseker, 1947, p. 27). In 1912 the Montana Reservoir
and Irrigation Co. was organized, contracting to supply the farmers with
irrigation water for a 30-year period. Two pumping plants were built along
Lake Helena, the source of the water for the project. The North Pumping
Station is designed to pump water to three canals at successively higher
altitudes, with an average 1lift of 112 feet. During recent years, only the
two lower 1ifts and canals have been in operation. This station supplies
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water for the area north and west of Lake Helena. The South Pumping Sta-
tion has a single 162-foot 1ift supplying water to the area south and east
of Iske Helena. The water is raised from the lake to the higher levels by
a series of large electrically driven centrifugal pumps. The efficiency
rate between water pumped and that delivered to the farmers is moderately
high; at times only 20 to 25 percent of the water pumped is lost through
canal seepage. Information received from the State Engineer's Office at
Helena indicates that an even smaller loss of water through canal seepage
occurs in the southern unit where the canals are in fine clay materials.
Approximately 10,000 acres of farm land are irrigated by the two units.
Since the recent fulfillment and termination of the long-term contract by
the Montana Reservoir and Irrigation Co. the project has been operated by
the Montana State Water Conservation Board. According to present plans,
the Bureau of Reclamation will supply irrigation water to approximately
10,000 acres of now unusable land in the Helena Valley and will furnish
supplementary water to about 5,000 acres more by pumping from the reser-
voir to be created by the proposed Canyon Ferry Dam on the Missouri River
15 miles east of Helena.

Mining

The chief minerals mined in the Helena district are gold, silver and
lead and a small smount of copper. The discovery of placer gold in Last -
Chance Gulch began & rich mining industry in this region. Soon afterward
lode gold was found and mined in the mountains to the south, mainly from
the rich Whitlatch-Union gold vein. The Last Chance placer deposit
yielded about $16,000,000 worth of gold, most of it before 1868 (Knopf,
1913, p. 15). The total value of ores mined in the area south of Helena
before 1928 emounted to nearly $130,000,000 (Pardee and Schrader, 1933,

p. 185). The estimated value of gold and silver produced from mines in
the Scratchgravel Hills was $1,000,000. These mines closed shortly after
World War I, but placer mining has been continued intermittently in the
auriferous deposits of Prickly Pear and Silver Creeks and in Holmes Gulch.

In 1935 placer mining in this area was revived on a large scale with
mining equipment of modern design. During the latter part of that year,
Porter Brothers Mining Co. began dredging the gravels at the lower end of
Last Chance Gulch. From August 1943 to July 1945 the dredge was idle be-
cause of the war, but has been in constant operation since. Fine gold
produced from 1935 to 19%5 is valued at $2,500,000 (Lyden, 1948, pp. 56-
57). Eldorado and French Bars along the Missouri have also been dredged
for gold in recent years. These gravels have also yielded many sapphires,
which were used chiefly for precision instruments during World War II.
Small deposits of copper ore occur in the area north of the Spokane Hills.

Many smelters were erected during the early mining period, but only
the smelter and reduction plants at East Helena are now in operation.
Smelting and refining are still one of the largest industries of the
Helena Valley. The American Smelting and Refining Company is principally
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a lead smelter and the Anaconda Company is & zinc recovery plant. Ores of
both local and regional origins are processed.

Transportation

The Helena Valley is served by branch lines of both the Northerm
Pacific and Great Northern Railways.

U. S. Highway 10N crosses this area, leading south to Three Forks ard
west to Missoula. U. S. Highway 91 leads north to Great Falls and south to

Butte. Both roads are hard-surfaced and are used by & large number of
tourists in the summer.

GEOLOGY

Stratigraphy

The oldest rocks of the region comsist of limestone and shale beds of
the Belt series of pre-Cambrian age. Of the eight formations recognized by
Walcott (1899, p. 204) only the upper five are present in the Helena Valley.
In ascending order, they are the Greyson shale, Spokane shale, Empire shale,
Helena limestone, and Marsh shale, in places measuring 3,300 feet in thick-
ness, of which 2,400 feet is Helena limestone. These five formations were
. mapped as a unit for this report. (See pl. 1.)

Paleozoic rocks constitute the main mass of folded sedimentary rocks
south of Helena and consist chiefly of limestone, with some interbedded
shale and quartzite. The Flathead quartzite of Middle Cambrian age, the
oldest Paleozoic formation, rests unconformably upon the Marsh shale in
most places. It is a vitreous coarse-grained light-to reddish-brown
quartzite characteristically forming low ridges in the southern part of
this region. The Wolsey shale, Meagher limestone, Park shale, Pilgrim lime-~
stone and Dry Creek shale, all of Cambriasn age, lie above the Flathead
quartzite and crop out in this area. The total Cambrian section is nearly
2,000 feet thick.

"No recognizable rocks of Ordovician or Silurian age are present in
this region. The Jefferson limestone of Upper Devonian age, which lies
disconformably upon the Dry Creek shale, is about 240 feet thick at Helena,
and is composed chiefly of dark granular limestone mottled with light-
colored patches. The Three Forks shale, also of Upper Devonian age, over-
lies the Jefferson limestone. It is 270 feet thick and consists of alter-
nate beds of black shale and limestone. Overlying the Three Forks shale is
the Madison limestone of Mississippian age. The lower part of the formation
is locally cheracterized by a bluish thin-bedded limestone containing small
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black crystals of tourmaline, and the upper part of the formation has been
metamorphosed into marble in some parts of the area. The Madison limestone
has & total thickmess of 2,600 feet. The Quadrant quartzite forms the
upper part of the Paleozoic section. It is predominantly a light-colored
guartzite in the Helena area with a small amount of interbedded limestone,
and its average thickmess is 300 feet.

The rocks between the Quadrant gquartzite and the intrusive granitic
mass in the southern part of the area are considered Cretaceous in age by
Knopf (1913, p. 93) because of their stratigraphic position, although
possibly rocks of Jurassic age may be included. They are chiefly metamor-
phosed shale and sandstone.

A large part of the floor of the Helena Valley is underlain by Ter-
tiary "lake=-bed" deposits. These deposits are composed meinly of light-
colored clay with interbedded sand and gravel, the texture and character of
these beds varying in different parts of the valley. Along the gentle
valley slope between Helena and East Helena they comsist chiefly of fine-
grained volcanic ash which has weathered to indurated tuff. An exposure of
these beds can be seen in 8 deep road cut half a mile west of East Helena
along U. S. Highway 10.

About a mile west of Hauser Lake in the SE} sec. 28, T. 11 N., R. 2 W.,
a thick section of these deposits is exposed in a ravine. (See fig. 5, A.)
The lower part of the section comsists chiefly of olive-gray clay in which
are embedded light-colored fragments of quartz and feldspar. The clay becomes
light gray upon exposure to weathering. It appears to contain a considerable
amount of bentonite, which expands when wet and causes the weathered surface
to develop numerous small cracks and fractures. ©Small crystals of selenite
are present on the weathered surface; these probably are the result of chemi-
cal interaction between the small amount of lime and the sulfides present in
the material. Vertebrate fossils of Oligocene age were collected from these
beds, but a detailed study of them has not been made.

Avove the bentonitic clay are reddish-brown shale and olive-gray, yellow-
streaked clay. The material of these beds appears to be chiefly fine- to
medium-grained volcanic ash containing various asmounts of iron oxides.

In the upper part of this section is & prominent siliceous, glassy
layer 6 to 8 inches in thickness; in places it has been altered to lavender-
gray opal which fractures very easily. Above this are many thin layers of
lignite interbedded with dark-brown shale and gray clay. The lignite is
light brown where weathered but much*darker when freshly exposed. The lig-
nite beds have & maximum thickness of 8 inches and are protected in many
places by a thin overlying layer of indurated siliceous volcanic ash.

In this exposure the beds dip southeastward as & result of crustal move-
ments during late Tertiary time. Lithologically these beds resemble the
"Poston beds" (Pardee, 1925, pp. 22, 23) exposed in the southern part of
Townsend Valley, northeast of Toston, and to other Oligocene deposits in the
northern part of the valley. However, the coal deposits of the "Toston beds"”
are thicker and are of subbituminous rank.
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fairly uniform for a long period to have permitted the deposition of about
2,600 feet of limestone of more or less uniform lithology. At the end of
Mississippian time conditions changed abruptly and sand was deposited in
this area to form the Quadrant quartzite of Pennsylvanian age. Apparently
these were the first coarse clastic materials deposited in this area since
the coarse sands forming the Flathead quartzite were deposited in Cambrian
time.

; After the deposition of materials now forming the Quadrant quartzite
there is a long gap in the recorded geologic history of the immediate re-
gion. About 2 miles south of Helena, however, there is a thick section of
metamorphosed shale, sandstone, and limestone which has been referred, by
Previous workers, to the Cretaceous period. The metamorphosed condition
of these beds at present prevents a more certain age determination, but
these beds may include rocks of several periods. They are bordered by the
intrusive late Cretaceous or early Tertiary Boulder batholith that probably
was the major cause of the metamorphism.

Shortly before or during the intrusion of the Boulder batholith this
region was subjected to major diastrophism. The sedimentary rocks were
folded and faulted along northwest trending axes, resulting in the distinct
grain to the topography developed later by erosion. The Boulder batholith
lies largely south and west of the Helena Valley but several stocks and
dikes connected with this large intrusive mass are within the area covered
by this report. The mineralization of the region is closely related to
this intrusion.

A long period of erosion followed this major diastrophism and again
the area was reduced to nearly mature topography.

In Tertiary time crustal movements again caused warping and faulting
and the formation of broad intermontane basins in which were deposited
great thicknesses of volcanic ash with interbedded sand and gravel. Fold-
ing and faulting, which continued through late Tertlary time, warped the
basin sediments ("lake beds") and formed the present mountains. Probably,
the present cycle of erosion began in Pliocene time.

Igneous Rocks

The coarse-grained quartz monzonite of late Cretaceous or early
Tertiary age, which makes up a large part of the high rugged mountains
south of Helena, is the northern extension of the Boulder batholith.
According to Knopf (1913, p. 97), & part of this granitic mass extends
northward under the sedimentary Paleozoic and pre-Cambrian rocks and has
been exposed by erosion in several places. Among the prominent granitic
exposures sre those south of Broadwater and those in the Scratchgravel
Hills to the north.
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Near Montana City extrusive rocks, probably of Tertiary age, are ex-
posed. These consist of volcanic breccia and some rhyolite flows, and
probably are closely related to the volcanic-ash deposits that form the
major part of the "lake beds.”

Structure

Knopf (1913, p. 97) has described the Helena Valley as follows:

The Helena district lies on the south side of a great dome-
shaped uplift some 25 miles in diameter, whose center lies north
of the Scratchgravel Hills. This dome extends from the mountain
ridge west of Marysville eastward to York, on the west side of
the Belt Mountains. The city of Helena and the mountains south
of it lie on the south side of the dome. Although the general
structure is that of a simple anticline, the dome is not per-
fectly regular but shows secondary crumpling. Within the Helena
district the dome shape is well shown. Subsequent to the fold-
ing which formed this great dome, the granitic rocks broke
through and faulted the south flank of this anticline.

Broadly considered, Prickly Pear Valley (here called Helena
Valley) is a basin deeply eroded in the dome-shaped uplift noted
above, an arch whose summit has been worn away and cut down into
the soft shales of the Belt series that form its nucleus, so
that the sheets of white limestone and other rocks that once
covered it are now only seen on Mount Helena and the hills south
of the city, in the Spokane Hills to the east, and the flanks of
the Belt mountains north of the district. This broad arch in-
volved the entire sedimentary series of the region from Algonkian
to Cretaceous. The simplicity of structure has been, however,
modified by the granite intrusion and faulting.

Faults and Earthquakes

The numerous faults in the Helena area appear to be associated with
adjustments of the rocks resulting from granitic intrusion. These faults
cut across the sedimentary rocks south and east of Helena and are nearly
normal to the strike. The shear zones are less resistant to erosion and
stream valleys have been cut along several of them.,

A conspicuous fault extends along the city's west side and up Oro
Fino Gulch to the south (Knopf, 1913, p. 98). The upthrow is on the east
with 290 feet of vertical displacement, and 500 feet of offset. A long
northeast-southwest fault, with the upthrow on the west side, passes through
the east side of Helena. Two other great faults lie southeast of Helena:
the Mount Ascension fault, which has an offset of 850 feet, and half a mile
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to the east a second fault, of nearly the same magnitude. The two faults
bound & wedge block or graben that dropped 765 feet, forming a low structural
trough that extends from Mount Ascenmsion northward into the valley. (See fig.
3, B.) It is believed that there are many other faults covered by the mantle
of Tertiary and Quaternary sediments. Movement along these faults i1s believed
by some to be the cause of the numerous earthquakes in the Helena Valley
during recent years.

The Helena Valley is in an active seismic area. Between 1903 and 1935
more than 60 minor earthquakes were recorded. Beginning on October 3, 1935,
more than 1,200 earthquakes were recorded in 80 days. The first destructive
shock occurred October 12. It lasted 7 seconds and was followed by 60 minor
tremors over the next 6 days (Scott, 1936). Then the most violent of the
earthquakes occurred: it had an intensity rating of 9 (Rossi-Forel scale)
and lasted 30 to 40 seconds. Thirteen days later, October 31, after 505
aftershocks, Helena experienced another severe quake which resulted in addi-
tional property damage, loss of life, and suffering. Two persons lost theilr
lives on each day of the two major shocks. Property damage estimated at
$3,500,000 was caused &t Helena by the October 18 shock, damage being great-
est to buildings on alluviel fill. Rumerous minor tremors have since been
felt in this area, two during the 1948 field season.

GEOLOGIC FORMATIONS ARD THEIR WATER-BEARING PROPERTIES

The thick stratigraphic section exposed in the Helena area contains a
nunber of water-bearing beds that yield fairly prolifically, but some of the
strata are comparatively dense and yield water only from open fissures or
solution chennels. Generalized data on the lithology and water-beering
possibilities of the complete stratigraphic section are presented in the
colummar section on the following page (table 3).

Pre-Tertiary Rocks

The older sedimentary rocks, pre-Cambrian to Cretaceous in age, in
general have been metamorphosed by igneous intrusions. Some shale beds
have been changed to argillite and some of the limestone has been recrystal-
lized to fine-grained merble. The rocks are not very porous, but deforma-
tion has caused considerable fracturing in some formations, and these
fractures contain water. Solution of the fracture walls has somewhat in-
creased the capacity of the ground-water reservoir.
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Table 3.--Sedimentary rocks of the Helena Valley and their water-bearing properties
Thick-
Age Formation ness Lithologic character Water supply
(feet)
Send and gravel deposited in broad coa- He;"st:c“;“““e Supplics for domestic
lescing fans along the southern and anc s purposes except in areas
vhere very thin and fine-grained; in
Quaternary Alluvium western slopes of the valley, thinning 1 1ds are sufficient fo
and grading into finer materials toward some places yields s n T
the central part of the valley irrigation. Water is highly mineral-
* ized in places.
Local deposits of locally derived boul-
ders, cobbles, gravel, and sand; com-
Auriferous| ‘posed mainly of andesite, vein quartz, Yield moderate supply of water to a few
gravels and granite fragments near Montana wells.
City; of quartz monzonite and limestone
fragments in Last Chance Gulch.

Tertiary Mainly fine-grained light-colored clay Lower beds in central part of valley
of volcanic origin interbedded with contain water under artesian pressure
sand and gravel and some lignite; and will yield large supplies to wells.

"Lake indurated tuffs present in south part Yields sufficient for domestic and
beds" of area between Helena and East stock use in sreas where beds are com-
Helena. Broad exposures in southeast posed of clay and interbedded sand.
part of valley; mantled by alluvium Indurated tuffs yield only very small
elsewhere. quantities of water to wells.
Originally sandstone, and shale but
Cretacecue later altered by 1n1,:ense metamorphism. Not vater bearing.
8
La)
§ Quadrant Quartzite, sendstone, and some inter- Yields small supplies, but not important
+ | quartzite 150-190| bedded white limestone; altered by con- as source of water.
g \ tact metamorphism.
&
The upper part is very massive light-
Carb colored limestone that has been altered
arbon= a to white marble in the vicinity of
iferous 8 Helena. The middle part consists of
& light- to dark-gray limestone beds sep-
| Medison 2,600 arated by shale partings; much of the Not an important source of water in this
a limestone limestone is cherty. The lower part is aree. .
a thin-bedded impure blue limestone con-
be] taining crinoid stems and other fossil
fragments. A persistent bed near the
base contains needles of black tourma-
line.
Composed essentially of black shale and
beds of limestone. A 15-foot bed of
Three black carbonaceous shale at the top of
Forks 270-282| the formation rests on light-colored Gex;::algr eitl;ern;ot water bearixixg or
shale calcareous shale that grades downward productive of only meager supplies.
into earthy shale with interbedded
b quartzite.
Devonian | &
=)
Dark-colored limestone with some light-
colored beds. The dark beds have &
Jefferson 2k3 granulaer structure, are commonly mot- Yields water to small springs from
limestone tled by light-colored patches of meta- Joints and solution passages.
morphosed corals, and produce a fetid
odor when struck with a hammer.
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Table 3.--Sedimentary rocks of the Helena Valley and their water-bearing properties--~Continued

Thick-
Age Formation ness Lithologic character Water supply
(feet)
Light~colored thin-bedded limestone
with crinkled bands of jasper; in
Dry Creek places the rock is composed of lime-
:hale 175-490 | stone pebbles held in a glauconitic Yields very little water.
matrix. Basal 40 feet consist of
" brovnish-yellow, red, and pink shale
g and calcareous sandstone.
2 -
5
Massive blue to dark-gray limestone.
Pilgrim The upper bed is a light-gray lime- Yields water for small springs from
1imestone 317 stone. The lowest bed is a dark joints, vedding planes, and solution
crystalline rock mottled with yellow channels.
and dark-gray spots.
Park Earthy and micaceous dark-gray to green
shale 150 or purple shales, not well indurated. Not water bearing.
Cambrian Z
Light-gray to blue limestone and shale.
Mesagher u Thin-bedded fossiliferous limestone at
limestone 00 top grades downward into massive lime- Not water bearing.
stone that becomes shaly near the base.
o | Wolsey Micaceous and calcareous gray to green
5 shale 420 shale with small concretions of limestone.| Not water bearing.
2 .
Hard fine-grained massive quartzite to
gray and yellow sandstone. In upper
part are thin beds of gray, brown, and
green micaceous shale. The lovest
Flathead Yields water to small springs from
quartzite 300 stretum 1s pebbly in places, grading numerous cracks and fractures.
into a conglomerate at the base. The
pebbles in the basal beds consist
chiefly of material derived from the
underlying rocks.
Marsh - Red and yellowish-green shale and thin-
shele T5-300 bedded sandstone. May yield small supplies locally.
Impure blue to gray noncrystalline lime-
stone occurring in beds 1 to 6 feet
Helena 2.400 thick separated by thin bands of shale. Yields small supplies to shallow wells
limestone ’ The limestone is blue on fresh fracture and springs.
but has a characteristic buff velvety-~
appearing surface on weathering.
]
3
¢ | Empire Shale and greenish-gray slate with char-
Pre- ] 600 Yields small supplies to springs.
Cenbrisn |4 shale acteristic purple spots.
&
Spokane 1,500 Massive and thin-bedded siliceous shale, Yields small supplies to numerous
shale ’ commonly deep-red. springs.
Shale, dark-gray, weathering to rusty
brown. Dark-gray shale with inter-
Greyson bedded quartzitic layers near middle
shale 3,000 of formation is underlain bty a consid- Not water bearing.

erable thickness of fissile light-gray
to pale-buff shale.
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Springs

In the mountains south of Helena and in the Spokane Hills to the east,
springs issuing from these older rocks maintain perennial flow in some of
the small streams. In many instances the streams furnish both domestic and
stock supplies to farmers and ranchers. Both Helena and East Helena obtain
municipal supplies from these spring-fed streanms.

Numerous springs issue from the Empire shale along a small tributary of
Prickly Pear Creék near the eastern edge of sec. 27, T. 10 N., R. 3 W.
These springs furnish the water supply for several farmers living nearby who
have developed the springs and pump the water to storage tanks for both
domestic and stock use.

On the west slopes of the Spokane Hills, numerous small springs issue
from the Spokane shale where it is exposed along the gulches cut by tribu-
taries of Spokane Creek. These springs have considerable importance be-
cause they are the chief source of domestic and stock water for ranchers in
the area. The supply is limited and in no instance is it sufficient for
irrigation.

A few small springs are present in the Scratchgravel Hills but are not
large enough to maintain perennial streams.

The Helena Hot Springs, 1 mile southwest of Broadwater, a short dis-
tance west of U. S. Highway 10, have a flow of about 30 gallons per minute
(Stearns, Stearns, and Waring, 1937, p. 152). The water, vhich has a tem-
perature between 1220 and 141° F., flows from several small fissures or
openings in the coarse-grained quartz monzonite. During the prosperous
mining days, this hot spring water was utilized by a popular health resort,
the Broadwater Natatorium. At the present time a small amount of the water
is used to heat one of the homes near the spring and plans have been made
to rebuild and revive the health resort.

Wells

Few wells have been drilled into the pre-Tertiary rocks. The small
yield from most of these formations is unimportant but a few of the lime-
stone formations may yield large quantities of water from fractures and
solution passages. A shallow well (10-3-30cal), drilled in 194k for the
Dairyland Confectionary, is reported to have penetrated 152 feet of Helena
limestone and produces 25 gallons per minute of good-quality water from a
sandstone lens. Another well (10-3-30ca2), reported to have been drilled
in 1941 for the Eddy Bekery, passed through nearly 127 feet of the Marsh
shale. It was reported to have yielded 15 gallons per minute when first
drilled, but has gone dry in recent years.

During the active mining days ground water was reported at a depth of
120 feet below the surface of the granitic mass of the Scratchgravel Hills
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(Pardee and Schrader, 1933, p. 35). Rather large quentities of water were

pumped from several mine shafts that penetrated more than 400 feet of this
rock. The granite, however, is not considered a good source of water.

Tertiary "Lake Beds"

The "lake beds" underlie the entire Helena Valley and form the floor
of the southeastern part of the valley. They are important not only as a
source of water but because of their relation to the now waterlogged areas
in the valley.

Several wells in the lower part of the valley are definitely known to
obtain water from the Tertiary "lake beds,"” but as the ordinary driller's
log does not distinguish between the "lake beds" material and the overlying
alluvial deposits, which they resemble in this part of the valley, it is
not always possible to determine whether a well obtains its water from ome
or the other or from both. Test holes drilled near the southern edge of
Lake Helena indicate that the "lake beds" are fairly close to the surface
near the center of the valley. (See fig. 6.)

One of the wells that is most likely drawing water from these "lake
beds" is 11-3-21cd2 at the Masonic Home. This well, the deepest known near
the center of the valley, obtained a flow of about 125 gallons per minute
from sand and gravel interbedded with clay. The driller's log of this well
is presented below.

/Driller's log of well 11-3-21cd2, obtained from Masonic Home/

Depth

(feet)
SaNA-Zravelcceeeeecsecscsassossscssssssoossssasssasasssssssss 0 - 50
SANA-Cla Y ccocscerrencacssssssssssosssscsrsossasssssasoscasnse 50 - 108
Gravel strata; strong FloW.e..cceeessescccsscscosscssossssons 108 - 114
SBNA=CLAY . ceeesoerccsccssossesscsessossesssosssssossansssases 114 - 182
Gravel; Strong F£loW...coeeesossceccsssseosoossoosesssssscasos 182 - 185
Clayeeeeosncosassensccsanseosasscossonsessosossvacsssssssssnss 185 - 272
Fine sand; small £loW..eeeoeesosvecscsnsssansncocsncasassnscsss 272 - 273
Very sticky clay; would make water for drilling....coccceooe. 273 - ko7
? teceeescecasoseseesoenesooessesrosceossoenenenoo0s Lo7 - LOB
SBNA~CLAY e roscsssecascscoonsosccsasssasersssasssssasscssassse LoB - L1k
SMAL]l PlOWeseececesossnsssssnsessssssssasnssosssosssacsscssaaca hik - K16
Clayeeeceesnsesessseosascssosennseoscsssensnsocsasonsoassasss 416 - 426
Sand; Strong FloOW..eeeeescesacesssoessasessscsacsossscssscasas k26 - 430

Clay; Small flOW....--.-.o.....o--.;......-.o..n-oo.a.o..o--; 2“‘30"’4‘50
Cla-y; Small flOW..o..-......e.....-.........‘...‘.‘-...-..-o.‘ hSO‘ll-s’-}
c}.ay-o--o‘oq’oQ..ct‘b.nooco.otocno.coo.o.o.o....c--.oco.o.otn l‘sb’-h‘&
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Well 11-3-3hcc, at the Montana State Vocational School, was drilled toi
a depth of 340 feet and obtained a flow of about 25 gallons per minute.

. Well 10-4-23ba, at the Montana Club, was drilled to a depth.of 510 feet.

It was started in alluvial gravel and was reported by the driller to have |
penetrated about 40O feet of "lake beds.” However, only a small yield of |
water was obtained. The city of Helena has put down a number of test holes
into the "lake beds" but has not obtained much water.

Several wells drilled into the "lake beds" in the hill lands in the
east part of the valley yield supplies of water adequate for domestic and
limited stock needs. The water 1s under hydrostatic pressure but must be
pumped .

Probably some of the irrigation wells, used as stand-by supplies when
water is not available in the ditches, draw water from these beds. Some of
these wells are in places where the alluviasl mantle is believed to be rela-
tively thin and fairly fine textured.

Quaternary Deposits

Many wells in the Helena Valley obtain adequate supplies of water for
domestic and stock needs from the Quaternary deposits that mantle the
greater part of the floor of the Helena Valley. As noted in the discussion
of the water-bearing properties of the "lake beds,” the difficulty of recog-
nizing the contact between the Quaternary and Tertiary deposits in well
samples prevents the accurate determination of the source of water in many
of the wells, but some of the irrigation wells are known to obtain water
exclusively from these deposits. On the alluvial fan of Prickly Pear, morth
of East Helena, large plts are dug in the unconsolidated sand and gravel by
power shovels. These plts, as much as 100 feet across and 40 to 50 feet
deep, serve as stand-by irrigation wells. During the summer of 1948 nome of
these pits was being pumped and no determinations of yield could be made.

In other areas irrigation wells have been dug by hand and are supported by
wooden or masonry cribbing. According to reports most of these wells have
capacities of 150 to 300 gallons per minute.

SOURCE OF GROUND-WATER RECHARGE

Tertiary "lake Beds"

Tertiary "lake beds" are exposed on the flanks of the highlands that
border the valley on the south and east. Since their deposition the "lake
beds" have been deformed by differential subsidence and, in general, they
dip toward the center of the valley. Water, derived from precipitation and
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streams flowing over the permeable beds, moves down the dip where it becomes
confined under less permeable beds. Wells drilled through these less perme-
able beds encounter the water under artesian pressure in the sand and gravel
zones. In some wells in the lower part of the valley the water is under
sufficient artesian head to flow at the surface, as do the wells at the
Masonic Home (11-3-21cd2) and at the Montana State Vocational School ,
(11-3-34cc). In higher parts of the valley the water rises within the casing
above the level at which it was encountered but it will not flow at the sur-
face. Some water may enter the permeable heds where they underlie the uncon-
solidated materials of Quaternsry age; in general the hydrostatic pressure in -’
beds obtaining recharge by this means will be less than that in beds exposed
higher on the valley edges.

Quaternary Deposits

A study of water-table fluctuations in wells indicates that the prin-
cipal recharge to the ground-water reservoir contained in the Quaternary
unconsoclidated materials is derived from irrigation. In nonirrigated areas
the water table normally is highest in the spring months, shortly after the
accumulated winter snow has melted, and is lowest in late summer. In the
Helena Valley much of the winter's snow has melted by early April. The peak
flow of Tenmile and Prickly Pear Creeks normally comes in May and June, the
months of maximum precipitation but the water level in most wells is lowest
in April and is highest at the peak of the irrigation season in August.

(See figs. 7, 8, and 9 and table 5, p. 43. Some recharge is derived
directly from precipitation and some from influent seepage of streams cross-
ing the valley. A study of the ground-water contour mep (pl. 3) indicates
that Tenmile Creek is influent throughout most of its course after leaving
the mountains. Prickly Pear Creek, however, is effluent in its course below
East Helena. This condition results mainly from the fact that much of the
water has been diverted for irrigation of the gravelly alluvial fan lying
east of the creek. This land is somewhat higher than the shallow channel
occupied by the strean.

FLUCTUATIONS OF WATER LEVELS

Monthly measurements were made of the water level in approximately 130
observation wells in the Helena Valley. (See tabulated measurements in
table 5, p. 43, and records of wells in table 6, p. 63.) Hydrographs of the
measurements in 19 representative wells are shown in figures 7, 8, and 9.
The hydrographs reveal that the water-level fluctuations in different parts
of the valley display different characteristics.

The water level in the wells in the lower part of the valley shows the
least amount of fluctuation, several wells having only 0.5 foot difference
between their high and low stages; these wells penetrate fine alluvisl
materials.
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Figure 7.— Hydrographs of shallow observation wells in fine-grained material
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Figure 9.—Hydrographs of shallow observation wells in coarse-grained material
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The water level in wells located in the higher, coarser alluvial
materials shows the largest amount of fluctuation. A difference of 25.13
feet between high and low water-level readings was recorded in well 10-3-2kcb.
This well and other wells near Tenmile and Prickly Pear Creek are influenced
by seepage from these streams and have their highest water level in June
when the streams have their greatest discharge.

In general, the wells in the lower parts of the valley and in the
waterlogged lands along Tenmile and Prickly Pear Creeks alsoc have their high-
est water levels in June. In & narrow belt surrounding the area represented
by these wells the water level is higher in July. In the higher parts of the
valley the water level in the observation wells reaches its highest stage in
August or later in the fall. In most wells the water level is highest during
August.

Changes of water level during the June-to-September period in five wells
on the south slope of the valley floor are shown in the profile section.
(See pl. 2.) The water level in the well at the lower end of the section is
highest in June whereas the water level in the well at the upper end is high-
est in September. The water level in the intermediate wells is highest at
some time between June and September.

EFFECTS OF EARTHQUAKES ON GROUND WATER

The severe earthquakes of 1935 had noticeable effects on the ground
water (Scott, 1936). Many springs and some wells had marked changes in the
amount of flow. New springs issued and the flow of others increased; this
caused a large increase in the flow of some of the mountain: streams. The
flow of Prickly Pear Creek increased about one-third within 12 hours after
the October 18 shock. Several of the mines in the region reported an in-
crease in ground-water flow.

CHEMICAL QUALITY OF WATER IN THE HELENA VALLEY

By Herbert A. Swenson

Introduction

During September 1948, 17 water samples were collected from wells in the
area for chemical analysis. Of this number, 15 were collected from wells in
the Quaternary deposits that mantle the greater part of the floor of the val-
ley and 2 were obtained from wells believed to be reaching the underlying
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Tertiary "lake beds. Samples of the water in Tenmile and Prickly Pear
Creeks and in Lake Helena were analyzed also. The location of sampling
points is shown on plate k4.

The study of the quality of the water in the Helena Valley is signifi-
cant for several reasons. The analyses reveal the present chemical char-
acteristics of the ground waters, and give some indication of the composi-
tion of surface waters. The water quality reflects the amourits of soluble
materials present in the water-bearing beds. Furthermore, hydrologic
interpretation of the chemical data, when correlated with water-table fluc-
‘tuations in wells, alds in the determination of the principal sources of
ground ~water recharge. Finally, the use of the water for irrigation or do-
mestic purposes is governed largely by its chemical content. '

Mineral Character of the Ground Water

All ground waters sampled in the study are of moderate mineral confent:
most of them contain less than 300 parts per million of dissolved s6lids.
Well 10-3-3bal, dug 8.2 feet deep and lying in the center of the valley edst
of Prickly Pear Creek, yields a water that contains 514 parts per milliom of
solids, the maximum concentration found among the samples analyzed. Much of
the dissolved material in the waters is calcium bicarbonate and hardness
ranges from 90 to 336 parts per million as CaCO3 (calcium carbonate); in
more than half of the samples 1t was less than 200 parts per million. Re-
sults of chemical analyses are given in table k4.

Quaternary Deposits

The Quaternary alluvium is an important water-bearing formation and
yields waters with an average salinity of 298 parts per million and the
following average percentage composition, based on 15 samples analyzed:

Composition in percent of anhydrous residue .

S1licB.cevcaccce 8.9
Ironeecececesecss
Calciumcecooceoooo
Magneslum.cceo..
SodiuMeeccocoses
Potassiumeccooce
Carbonate..c.....
Sulfate.cceococe
Chloride.ccoeoee
Fluoride.ccccoae
Nitrate.oocceecon

-
O\ F O
¢ ] L] °

w

N w
[ wmnNn
° o

o

@

30 W OV ] B

100.0



GEOLOGY AND GROUND-WATER RESOURCES OF THE HELENA VALLEY, MONTANA

61| 6£ | ote| 20€] 00° | 1*2 | &° 21| 9 | goe| o°e| €2 91| @6 | 20 |92 egn| LL| *cc°| BUSTSH 3ayel

Lt| LG | o4T| 922 %0 | 6° 4 | 0°€ log | TOT| 21| €1 0°6 | TH | €O | 12| €€ | #°L]| | H32XD IB3]
. _ Lxotad

12| Lt | L2t} ote| o0* | O° #° | 02 | € | RET | 4 | 9T G°Q | LE | 00" | TE| g62| QL e 331D

ST Tuus],
SIajeM 3dvjJING

ST| 62 | Th2| #2E|{ 00" | w2 | 9° €T 66 | 882 9°1] 6T QI| L9 | et | Le| Lis| 2L} 28 2apae-

£T| 6 81| 022| Lo* | 1°€ | 1 | %6 | G2 | ote| g |ar|' €1| 16| 09° | QT ICE|@°L gow| TPITe-

L1 68 | 2€2| g9€ ] 10° | 2°6 | % 22| 20T| wlrl et e g2l L6 | 70 | €1 246 | y° L £9 PBET-£-T1

61 w2 | got| 9L1| %O" | 2° 9° | 0" | | 20T| 9Tl ar| €L | 1€ o'2| €E| 662 1°L]| 2% 220€~

€2| 0 06 | 481 LOo° | 9*T | 6 | 09 |2T oLt |4 | LT|€G | L | o | 2E 192| 1L 0§ qQré1-2-1T

12t &6 | l9e| gge | oo° 1| 2 12| 9L | gsc| 8 | et TE| 96 | 06 | 81| @19 | L*L| # 0T qeqe-

w! O ETT| 2€2} 00* | O° 6° | 0°9 | #€ | @81 | 9°T| LE| 26 | OE | 0€- | QT| 94E | L L 018 2q€2-4-01

6T| g8 | G4T| QEc{ 90 | 6°€ | € | O°€E [oL | OfT |2 T|9T| L6 |2 | 40 | €2| LsE|o°g] 2°9¢ 2eege-

02| 911{ x62| gxt [ 0O° #E| 6°1 Lyl 66 | Lte| w4 | 4t cEl 69 | #0* | gT| L69 [ 0'8 LT 12902~

71| 66 | L@3| 9gt | #o° | g-2 | & 12| 4L jgle|ot| 12| Se | L | OT" | €3] Q09| e'g| 8°4S oqLT-

7T} o2 | 161| 912| 00° | 22 | % | O° Ly 1 09T | w°n| 21| €6 | 6 | 00° | L3] 62E | &L | 2°61 2BagT-

1] G2 | 2we] 2L | 00" | L2 @ | 06 |65 | S92 n | @I L] 69 9 1l 22| 016 ¢°L 06 pag-

#T] 4T | @41 2t | 00° | 92 | % | 0°¢ (o | 9LT| 91| 2T 11| 6% w02l 99¢ !l 94 pes-

LT 28 | 95€ 4161 Q0" | T-% | €° 0T | 9#T| O1E | 0°2 | 2¢& T2| cot| wo* | €2| GSL | 6°L)| 28 12q¢-£-01

€T| 06 | TLT| 62| 00° | L°T |'9° | 0% | L9 | gnt| e €| at OT| 26 | o2 | g1 16£|T°L 6% T1oP0t-

02| 6 | 06T | £62 | €0 | 6°€ | 6T 0°2 | Q9 | GET | #* | LT[ L6 |y | %O° | 18| 6SE | 0°L| 664 qo6T1~

€2l 62 | 96 | 29T | 00°0| €0 | €°0| e |64 |98 |2E| 41|69 | g2 | 00°0| 6T w42 | w°8} 6°8E 239-2-01

mhumS punon

5l c5 2| 2| 8| 2| 2| 8| 2| B 9|2 F 1 ¢l 519 9= ¥

al 83| | & s | & 5 o | | 8| 5| & B 51 8§ EEE o ~e

S| &8 | 2| 7| & dl 2 &l 2 2| Bl 2| E| =~ | 8665 o

ct 1 < — o [o ] [« @ (e} e et m ] e ] i o O

® 2| 21 ~ ® "l | Bl EBE|Z| E| =| & | BEs"° & | Uotieoot Jo

g 2l = s |8l s| 2|8 2|3 S § | equu Trom

od o w ~ s + ~ = ~ SRS, -1 [

El¢ &~ ~ e s N & o =

Q0®B) s®B o Q ans
ssoupasg | @ & e

34

mﬂoHHHﬂE xad wuhﬁmw

£3TT8A BUST3H dY3} UT SI23BA JO sjuamsanseam TedfsAyd pajeTax pus sssdlsuz TBOTWAYD--*4 STQB]



CHEMICAL QUALITY OF WATER 35

The composition of waters in the Quaternary alluvium is also shown graphi-
cally in figure 10 where principal constituents are plotted in equlivalents
per million. Diagrams for waters of maximum and minimum concentrations are
shown as well as the analysis of the average of 15 waters in the alluvium.
It is seen that calcium and bicarbonate characterize these waters, although
some sulfate 1s present.

The moderate amounts of solids in solution indicate that here the val-
ley £111 is derived largely from rock materials containing only moderate
amounts of soluble constituents. For example, the water in well 10-3-6bd,
sunk 90 feet into the valley alluvium, contains only 332 parts per million
of dissolved solids, indicating that the sands and gravels apparently con-
tain relatively little soluble material. Furthermore, because the material
is unconsolidated, water moves through the sands and gravels with compara-
tive rapidity, affording little opportunity for solution of the rock materi-
als.

Tertiary "Lake Beds"”

Two wells, 10-4-23ba and 11-3-21cdl (see table 4), are thought to be
tapping the Tertiary beds. Analyses of waters from these wells show little
difference in mineral character from waters in the Quaternary deposits. As
it is difficult in many places to recognize the contact between the Quater-
nary and Tertiary deposits, discussion of the "lake bed" (?) waters is
limited to presentation of the basic data. GCraphical expression of the
analyses for two waters probably of "lake-bed” origin is shown in figure 10.

Mineral Character of the Surface Water

Single analyses of Prickly Pear and Tenmile Creek waters and Lske
Helena water are shown in table 4 and graphically in figure 10. Although
spot samples of surface waters are seldom reliable guides to the average
composition of the waters, the analyses of the creek waters are probably
typical of low~-flow conditions, whereas values for the Lake Helena water may
be fairly representative. The analysis of the Tenmile Creek water showing
210 parts per million dissolved solids reflects low-water stage, at which
time the maximum concentration is generally found. Some minor recharge to
the ground-water reservoir is the result of influent seepage from Tenmile
Creek.
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Relation of Quality of Water to Recharge

Return irrigation flows constitute the principal recharge to the ground-
water reservoirs in the Quaternary deposits; however, no evidence is avail-
able from quality-of-water data as to increased concentrations resulting
from use and reuse of irrigation waters. The distributary of Prickly Pear
Creek flowing due north from East Helena to Lake Helema drains a small valley
in which four wells yield waters (in south to north order) containing 25k,
25k, 162, and 176 parts per million of dissolved solids, respectively. Here
decreage in salt content is noted downstream. The usual increase in concen-
tration from the reuse of irrigation waters is not apparent from the samples
collected for analysis during the time of this study.

Effects of Waterlogging on the 1lity of the Ground Water

No information is avallable on the effects of waterlogging in areas in
the lower part of the Helena Valley on the quality of the ground water. The
analyses do not indicate any great alteration in the chemical character of
ground waters as a result of this condition; well 10-3-3bal, for exampile, in
the waterlogged area, yields a water that contains only 514 parts per million
of dissolved solids and has 17 percent sodium. However, continual evapora-
tion of ground water that reaches the surface will eventually result in local
"alkali" patches, higher and possibly harmful concentration of salts in the
ground waters, and damage to cultivated lands.

Relation of Quality of Water to Use

Of 17 ground waters analyzed, 6 are used for irrigation, 9 are used for
domestic or stock purposes, and 2 are unused. On the basis of the classifi-
cation of Wilcox (1948, pp. 25-27) all ground waters sampled would be classi-
fied as "excellent to good" for irrigation purposes. Boron is insignificant
and the percent sodium, low. Figure 11 shows the classification of both
ground and surface waters sampled in the Helena Valley.

None of the ground waters sampled would be obJjectionable for domestic
use on the basis of mineral content. Most of the waters are somewhat harder
than usually considered desirable. The well waters used for drinking would
meet Public Health Service standards (U. S. Public Health Service, 1946,

Pp. 371-384) insofar as chemical constituents are concerned.
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Summary of the Quality of Water

The waters in the Helena Valley are characterized by moderate concen-
trations of dissolved solids composed principally of calcium, bicarbonate,
and sulfate. The fact that the ground waters are on the whole rather dilute
indicates that the valley fill is derived largely from rock materials con-
taining small amounts of soluble minerals.

The analytical data do not indicate substantial alteration in mineral
character of the ground water as a result of recharge of the ground-water
reservoir from return irrigation flows. Future effects of waterlogging on
the quality of the ground water cannot be predicted, but it seems reasonable
to believe that the mineral content of the ground water would increase as a
result of evaporation.

Both ground and surface waters ssmpled can be clasgified as "excellent
to good" for irrigation. Boron, percent sodium, and dissolved solids meet
requirements for this classification. Waters for drinking and general
domestic use are satisfactory, although some are harder than generally con-
sidered desirable.

WATERIOGGING IN THE HELENA VALLEY

Present Conditions

The extent of waterlogged lends in the Helena Valley was mapped from
field observations and aerial photographs. (See pl. 3.) More than 8,000
acres of land either are unproductive at the present time or their produc-
tivity has been greatly decreased as a result of the high water table.
Nearly the entire waterlogged area was formerly productive farm land, but
nov only parts of the area are suitable even for grazing. A small rise of
the water table will probably take out of production even those lands now
under marginal cultivation.

The rise of the water table has been caused by ground-water recharge
resulting from irrigation on the higher lands in the valley. Seepage from
the irrigation canals and laterals and from water spread on the irrigated
fields moves downward to the water table and then down the hydraulic gradi-
ent toward the lower part of the valley. The alluvial deposits, through
which the water is moving, are progressively finer grained, less permeable,
and thinner toward the lower part of the valley. Consequently the ground
water, in excess of that which the materials in the lower part of the valley
are able to transmit, is forced to the surface. The water does not issue at
the surface in individual springs but over a fairly continucus area in the
lower part of the valley. The relationship of the water table to the land
surface is shown in the generalized cross section (fig. 6, p. 26).
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Probable Future Conditions

Marked changes in the ground-water regimen of the Helena Valley will
take place if additional large areas are irrigated and if supplemental water
is applied to much of the already irrigated land. Nearly all the land pro-
posed for new irrigation is on the flanks of the valley above the presently
irrigated land. The soil of this new land 1s relatively thin and underlain
by very permeable gravel; if these lands are irrigated, large quantities of
irrigation water will percolate downward as ground-water recharge. Supple-
mental water provided for presently irrigated land will also increase the
existing ground-water recharge from irrigation seepage. Considerable addi-
tional ground-water recharge will result from seepage losses of irrigation
canals excavated in permeable gravel unless the canals are lined adequately.

Over a considerable area the alluvium in the Helena Valley is now
saturated and unable to transmit the quantity of ground water now available
for recharge. This condition will be aggravated if additional ground water
becomes available for recharge. Unless provision can be made to prevent
additional ground-water recharge or to recover and dispose of the excess
ground water, the area of waterlogged lend will increase. Careful and de-
talled investigations are needed to determine whether this problem can be
solved. If an adequate solution is not found, any considerable increase to
ground-water recharge will result in the ruin of much of the remaining good
agricultural land in the valley.

SUMMARY AND RECOMMENDATIORS

In parts of the valley underlain by alluvium, adequate water supplies
for domestic and stock uses generally can be obtained from wells drilled to
relatively shallow depths. In areas where the alluvium is thin or of low
permeability more adequate supplies can be obtained by drilling into the
underlying "lake beds.” Adequate water supplies gemerally can be obtained
from the "lake beds” where they are at or near the surface. In some places,
however, the "lake beds" have a high clay content or consist of volcanic
tuff and yield only a small amount of water.

Ground water is not so readily obtained in the area that surrounds
Helena Valley and that 1s underlain by older rocks. Shallow wells, dug in
narrow alluvial deposits along streams, and springs are the principal sources
of water for domestic and stock needs in this area. Drilled wells may be
feasible in places, but the choice of each drilling site would require indi-
vidual consideration.

The geologic and ground-water studies made to date indicate that a
large ground-water reservoir may exist under the valley, and it is possible
that much, if not all, of the land now irrigated with surface-water supplies
could be irrigated with ground water pumped from this aquifer.
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Use of ground water instead of surface water for irrigation of presently
irrigated lands would allow use of the surface water for the irrigation of
new lands. If use of ground water for irrigation is proved feasible, elec-
tric power for operation of the pumps could be obtained from the Canyon Ferry
Dam, when completed. The economics of the use of water already in the valley
should be studied exhaustively before decision is made to import additional
water. This is especially true because it appears that the use of imported
water will aggravate existing waterlogging conditions over a considerable part
of the valley. The development of pump irrigation also would aid materially
in the solution of the waterlogging problem which now exists in the valley
and is likely to be aggravated if additional lands in the valley are irri-
gated.

If water is brought into the valley, provision must be made to prevent
any appreciable rise of the water table under presently irrigated land.
Drains that have a maximum depth of about 4 feet serve only to remove excess
surface water and may do more damage than good. At the height of the irriga-
tion season water may move slowly across the marshy ground surface, removing
salt precipitated from irrigation water previously applied. During the re-
mainder of the year, although the water table remains below the ground sur-
face, the capillary fringe above the water table may extend up to the surface
most of the time. As water evaporates from the ground surface, additional
water will move upward from the water table by capillary action and the
soluble salts in the water will be concentrated in the upper part of the soil
mentle. White saline deposits, commonly called alkali, may cover the land
near such drainage ditches and only salt-tolerant vegetation will grow. Half-
wvay drainage measures can not be wholly successful. Waterlogged lands can be
rendered productive again only by lowering the water table to a depth below
the land surface greater than the height of the capillary fringe and main-
taining it at that depth for the greater part of each year. In parts of the
valley where the soil materials are very fine grained the depth to the water
table should be 10 to 12 feet below the land surface. Subsurface (open or
tile) drains of this depth may not be economically feasible in the Helena
Valley because in addition to the great lnitial cost of comstruction the
drains may require frequent and expensive maintenance and would take much
land out of cultivation. Probably much of this land can be drained adequately
by pumping wells, which will lower the water.table and prevent the capillary
fringe from extending to the land surface.

The relative economics of the use of the water already in the valley
should be exhaustively studied before decision is made to import additional
water. If the economic studies indicate the desirability of use of ground
wvater as a major source of supply then it is recommended that quantitative
ground-water studies be carried out in the Helena Valley. The investigation
should include the drilling of test holes and the construction of test wells.
Detailed geologic sections based on the test drilling should be prepared and
pumping tests should be made of the wells to determine with reasonable
accuracy the quantity of water available for supplemental irrigation sup-
plies. The effect of well pumping on the water table should be measured. An
adequately planned study made by qualified investigators will also provide
basic data needed for the proper design, location, and construction of re-
quired drainage works. It is believed that the benefits derived from such &
study would greatly exceed the costs of the study.
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Table 5.--Records of water levels in wells in Helena Valley, Mont.

10-2-6ba.
‘ Depth Depth Depth
to water to water to water
Dage level Dete level Date level
(feet) (feet) (feet)
Mey 10, 1948 5.33 Aug. 2k, 1948 4.73 Jan. 8, 1949 5.43
20 5.53 Sept.22 5.15 Jq Feb. 9 5.75
June 2k .73 Oct. 21 5.06 Mar. 9 5.35
July 26 4,71 Dec. 21 5.10
10-2-6bb.
May 10, 1948 5.3k July 26, 1948 3.78 Sept.22, 1948 k.19
20 4.5k Aug. 24 3.68 Oct. 21 k.12
June 24 3.94
10-2-6be.
May 10, 1948 11.11 || July 26, 1948 10.27 Sept.22, 1948 9.66
20 11.21 Aug. 25 8.93 Oct. 22 10.09
June 24 10.21
10-2-6ca.
May 10, 1948 11.60 July 26, 1948 9.85 Sept.22, 1948 10.10
20 11.70 Aug. 24 9.45 Oct. 22 9.59
June 24 9.70
10-2-~6cc.
May 11, 1948 22.67 July 26, 1948 15.81 | Sept.22, 1948 14.81
20 17.76 Aug. 25 14.52 Oct. 22 15.34
June 24 17.06 |
10-2-1Tca.
May 10, 1948 65 .50 Aug. 25, 1948 64.15 Jan. 8, 1949 63.88
20 65 .90 Sept.22 64.35 Feb. 9 63.96
June 2k 66.50 Oct. 22 64 .07 Apr. 9 64.00
July 26 65.62 Dec. L 63.85




ki Table 5.--Records of water levels in wells in Helena Valley, Mont.--Con.

10-2-30dc.
Depth Depth Depth
to water to water to water
Date level Date level Date level
(feet) (feet) (feet)
May 10, 1948 43,62 Aug. 25, 1948 2Lk .37 Jan. 8, 1949 32.92
20 43.72 Sept.22 21.1% Feb. 9 33.32
June 24 30.42 Oct. 22 24h.12 Mar. 9 34.86
July 26 25.12 || Dec. X 29.62
10-3-2bb.
May 6, 1948 3.50 July 23, 1948 3.98 Sept.22, 1948 4,31
19 3.60 Aug. 24 4. 24 Oct. 21 3.29
June 24 3.30
10~-3=2cd.
Mey 6, 1948 | 10.70 || Aug. 23, 1948 3.59 || Jan. 7, 1949 | 10.13
19 9.90 Sept.22 h.11 Feb. 8 11.55
June 24 T.30 Oct. 21 6.84 Mar. 9 12.18
July 23 5.67 Dec. 3 8.51
10-3-2dbl.
May 6, 1948 5.70 || Aug. 2%, 1948 3.21 || Jan. 7, 1949 7.15
19 5.80 Sept.22 3.85 Feb. 8 8.8
June 2k 5.40 Oct. 21 k.90 Mar. 9 8.66
July 23 L .26 Dec. 3 5.73
10-3-2db2.
May 6, 1948 5.90 July 23, 1948 3.72 Oct. 21, 1948 3.6h4
19 5.70 Aug. 23 a .00 Dec. 3 4,56
June 24 4.30 || Sept.22 2.91
10-3-3bal.
May 4, 1948 3.70 Aug. 24, 1948 k.99 Jan. 7, 1949 4,53
18 3.20 Sept.22 5.28 Feb. 9 h.Th
June 23 2.80 Oct. 21 4,52 Mar. 9 4.10
July 22 4.19 Dec. 3 4,23

a2 Flooded with irrigation water.



Table 5.--Records of water levels in wells in Helena Valley, Mont.--Con. 45

10-3-3ba”.
Depth Depth Depth
to water to water to water
Date level Date level Date level
(feet) (feet) (feegl_
May 4, 1948 5.90 Aug. 2k, 1948 5.06 Jan. T, 1949 5.82
18 6.00 Oct. 20 5.65 Feb. 9 5.95
June 23 3.50 Dec. 3 5.37 Mar. 9 4.87
July 22 k.59
10-3-3bc.
May 4, 1948 4 45 Aug. 24, 1948 5.56 Jan. 7, 19h9 bt
18 3.25 Sept .22 5.65 Feb. 8 2.85
June 23 3.05 Oct. 21 5.10 Mar. 9 4.80
July 22 5.08 Dec. 3 5.40
10-3-3cc.
May 4, 1948 3.20 || Aug. 24, 1948 k.30 Jan. 7T, 1949 3.61
18 2.80 Sept.22 4.ho Feb. 8 2.57
June 23 2.20 Oct. 21 3.6k Mar. 9 3.25
July 22 3.36 Dec. 3 347
10-3-Lab.
May L4, 1948 2.80 || Aug. 24, 1948 h.21 Jan. 9, 1949 (v)
18 2.50 Sept .22 4.33 Feb. 9 (b)
June 23 2.20 Oct. 21 3.83 Mar. 9 3.06
July 22 3.32 Dec. 3 3.50
10-3-4ba.
May L, 1948 k.30 Aug. 24, 1948 5.74 Jan. T, 1949 5.63
18 3.30 Sept.22 5.74 Feb. 9 (e)
June 23 3.10 Oct. 21 5.35 Mar. 9 5.05
July 22 k.05 Dec. 3 5.18
10-3-5aa.
May L4, 1948 L.60 Aug. 23, 1948 3.3k Jan. 7, 1949 3.57
18 2.60 Sept.22 k.10 Feb. 9 (b)
June 23 2.20 Oct. 21 3.52 Mar. 9 2.80
July 22 2.6k Dec. 3 3.08

b Frozen over.
¢ Well could not be reached.



46 Table 5.--Records of water levels in wells in Helena Valley, Mont.--Con.

10-3-5ad.
Depth Depth Depth
to water to water to water
Date level Date level Date level
(feet) (feet) (feet)
May 4, 1948 | ..6.70 Aug. 23, 1948 12.88 Dec. 3, 1948 6.86
18 6.30 24 7.25 Jan. 7, 1949 7.36
June 22 5.60 Sept.21 8.33 Feb. 9 8.42
July 22 5.93 Oct. 20 7.05 Mar. 9 6.25
10-3-5ba.
Apr. 28, 1948 9.90 Aug. 21, 1948 8.59 Jan. 6, 1949 9.68
May 17 9.60 Sept .20 9.51 Feb. 8 10.06
June 22 8.20 Oct. 19 9.71 Mar. 9 9.67
July 21 8.35 Dec. 2 9.55
10-3-5¢hb.
Apr. 28, 1948 17.00 |[ July 21, 1948 13.50 Oct. 19, 1948 [ 1L.68
May 17 16.90 Aug. 21 13.15 Dec. 2 14.61
June 22 14.50 Sept.20 14.32
10-3-5ddl.
Apr. 28, 1948 h.3h H Aug. 21, 1948 3.36 || Dec. 2, 1948 4.26
May 17 3.84 Sept.20 5.66 Jan. 6, 1949 k.19
June 22 3.1k Oct. 19 L. k6 Feb. T 5.11
July 21 2.64
10-3-5d4d2.
Apr. 28, 1948 4.05 Aug. 21, 1948 3.75 Dec. 2, 1948 3.92
May 17 3.65 Sept.20 5.8k Jan. 6, 1949 4.35
June 22 2.95 Oct. 19 4,33 Feb. 7 5.60
July 21 2.53
10-3-6ac.
Apr. 27, 1948 20.75 July 21, 1948 16.13 Sept.20, 1948 16.55
May 17 20.85 Aug. 21 15.63 Oct. 19 17.97
June 22 16.95




Table 5.--Records of water levels in wells in Helena Valley,

Mont Ll -COn. 1"7

10-3-6bd.
Depth ' Depth Depth
to water to water to water
Date level Date level Date level
- (feet) (feet) (feet)
Apr. 27, 1948 22.76 Aug. 21, 1948 |4 23.kk Jan. 5, 1949 19.73
May 17 20.86 Sept.20 18.29 Feb. 7 20.31
June 22 17.36 Oct. 19 18.67 Mar. 9 20.42
July 27 17.13 Dec. 1 19.31
10-3-6ca.
Apr. 27, 1948 23.20 ‘July 21, 1948 18.49 Oct. 19, 1948 20.26
May 17 22.40 Aug. 21 18.64 Dec. 1 20.85
June 22 18.60 Sept .20 19.80
10-3-6dal.
Apr. 28, 1948 17.52 Aug. 21, 1948 13.65 Jan. 6, 1949 15.17
May 17 17.82 Sept.20 14.25 Feb. 8 15.57
June 22 14.82 Oct. 19 14.80 Mar. 9 14.82
July 21 13.85 Dec. 2 14.86
10-3-6da2.
Apr. 28, 1948 15.11 Aug. 21, 1948 10.67 Dec. 2, 1948 12.16
May 17 15.81 Sept.20 11.99 Jan. 1, 1949 12.46
June 22 12.21 Oct. 19 12.0k4 Feb. 8 12.71
July 21 11.27
10-3~-64d.
Apr. 28, 1948 13.70 Aug. 21, 1948 9.1k Dec. 2, 1948 10.47
May 17 13.50 Sept .20 10.12 Jan. 6, 1949 10.73
June 22 11.10 Oct. 19 10.56 Feb. T (e)
July 21 9.59
10-3-Taal.
Apr. 28, 1948 12.90 July 21, 1948 7.52 Sept.20, 1948 9.19
May 17 12.70 Aug. 21 7.49 Oct. 19 8.75
June 22 10.60 ‘

d Well pumped recentiy.
e Well covered for the winter.



48 Table 5.--Records of water levels in wells in Helena Valley, Mont.--Con.

10-3-Taa2.
Depth Depth Depth
Date of water Date to water Date to water
level level level
(feet) (feet) (feet)
Apr. 28, 1948 18.57 Aug. 21, 1948 11.59 Jan. 6, 1949 13.29
May 17 18.13 Sept.20 12.36 Feb. 7 13.24
June 22 14.13 Oct. 19 13.0k Mar. 9 12.27
July 21 12.33 || Dec. 2 13.79
10-3=-Tac.
Apr. 27, 1948 14.65 Aug. 21, 1948 T.67 Jan. 5, 1949 8.57
May 17 13.65 Sept .20 8.60 Feb. T 8.02
June 22 8.35 Oct. 19 8.71 Mar. 9 7.70
July 21 7.83 Dec. 2 8.40
10-3-Tadl.
Apr. 27, 1948 9.80 || Aug. 21, 1048 %.91 || Dec. 2, 1948 5.23
May 17 7.80 Sept .20 5.6k Jan. 6, 1949 3.45
June 22 k.00 Oct. 19 5.30 Feb. 7 (£)
July 21 4,55
10-3-Tad2.
Apr. 27, 1948 11.50 Aug. 21, 1948 5.92 Dec. 2, 1948 6.54
May 17 10.40 Sept.20 6.72 Jan. 6, 1949 5.31
June 22 6.20 Oct. 19 6.68 Feb. T (v)
July 21 5.94
10-3-Tcd.
Apr. 27, 1948 9.94 Aug. 21, 1948 b,62 Jan. 5, 1949 5.79
May 17 7.34 Sept.20 5.43 Feb. 7 5.84
June 22 L.oh Oct. 19 5.49 Mar. 9 5.25
July 21 3.39 Dec, 2 5.6k
10-3~-Tdc.
Apr. 27, 1948 16.00 Aug. 21, 1948 10.01 Dec. 2, 1948 10.98
May 17 13.80 Sept.20 10.80 Jan. 5, 1949 11.05
June 22 10.20 Oct. 19 10.93 Feb. 7 11.42
July 21 9.98

b Frozen over.
f Flooded over.




Table 5.--Records of water levels in wells in Helena Valley, Mont.--Con. 49
10-3-8aa.
Depth Depth Depth
to water to water to water
Date level Date level Date level
(feet) (feet) || (feet)
Apr. 30, 1948 3.40 || Aug. 21, 1948 2.12 || Dec. 2, 1948 2.95
May 17 3.h0 Sept.20 2.72 Jan. 1, 1949 2.92
June 22 1.90 Oct. 19 3.15 Feb. T | .eee.
July 21 1.99
10-3-8bc.
Apr. 27, 1948 8.78 || Aug. 21, 1948 5.00 Dec. 2, 1948 ' 5.23
May 17 7.68 Sept.20 7.26 Jan. 6, 1949 L.81L
June 22 4.48 || ‘Oct. 19 5.39 Feb. T (£)
July 21 L .45
10-3-8¢hb.
Apr. 27, 1948 10.70 Aug. 21, 1948 5.42 Jan. 1, 19&9' 5.92
May 17 8.40 Sept.20 7.29 Feb. 7 3.35.
June 22 5.00 Oct. 19 6.73 Mar. 9 5.39
July 21 6.07 Dec. 2 6.85
10-3-8cc.
Apr. 27, 19h8' 21.23 Aug. 21, 1948 12.95 Jan. 6, 1949 | 16.57
May 17 20.93 .|| Sept.20 15.49 Feb. 7 15.98
June 22 16.53 Oct. 19 16.52 Mar. 9 15.44
July 21 16.25 Dec. 2 16.57
10-3-8ad.
Apr. 27, 1948 6.66 Aug. 21, 1948 h.52 Jan. 6, 1949 [ 5.52
May 17 6.86 Sept.20 4,93 Feb. T | «eeen
June 22 L.66 Oct. 19 k.98 Mar. 9 4.16
July 21 5.28 Dec. 2 5.06
10-3-9da.
May 3, 1948 1.10 || Aug. 23, 19&8 1.35 Dec. '3, 1948 0.85
18 1.10 Sept.21 1.36 Jan. T, 1949 (p)
June 23 .60 Oct. 20 1.10 || Feb. 8 (b)
July 22 1.15 ||

b Frozen over.
f Flooded over.



50 Table 5.--Records of water levels in wells in Helena Valley, Mont.--Con.

10-3-9dd.
Depth Depth Depth
to water to water to water
Date level Date level Date level
| (feet) (feet) (feet)
May 3, 1948 4.10 Aug. 23, 1948 4.60 || Jan. 7, 1949 4.35
18 3.10 Sept.21 4.10 Feb. 8 4.33
June 23 2.80 Oct. 20 h.21 Mar. 9 4.15
July 22 4.17 || Dec. 3 4.10 u
10-3-10bb.
May L4, 1948 6.12 July 22, 1948 6.54 Oct. 21, 1948 6.25
18 6.52 Aug. 24 - 6.96 Dec. 3 6.32
June 28 5.82 || Sept.22 7.0k Jen. T, 1949 1.73
10-3~-10cc.
May 3, 1948 k.10 Aug. 23, 1948 L.75 Jan. 7, 1949 L. 75
18 3.60 Sept.21 k.ol Feb. 8 5.00
June 24 2.90 Oct. 20 k. ko Mar. 10 k.70
July 22 4.27 Dec. 3 4.37 )
10-3-1044.
May 3, 1948 | 12.3% || Aug. 23, 1948 3.59 || Jan. 7, 1949 8.87
18 10.64 Sept.21 4,46 Feb. 8 (b)
June 23 T.74 Oct. 20 5.84 Mar. 10 10.34
July 22 3.84 Dec. 3 7.29
1o-§-1lab1.
May 6, 1948 17.52 Aug. 23, 1948 8.72 Jan. T, 1949 15.05
19 17.07 Sept.22 9.30 Feb. 8 16.57
June 24 14.82 Oct. 21 11.4%0 || Mar. 10 17.47
July 23 11.69 || Dec. 3 12.89 -
10-3-11ab2.
— )
May 6, 1948 18.48 Aug. 24, 1948 10.24 Jan. T, 1949 15 .64
19 17.68 Sept.22 10.66 Feb. 8 17.35
June 24 16.58 Oct. 21 12.08 Mar. 10 17.90
July 23 13.73 Dec. 3 13.55

b Frozen over.



\

Table 5.--Records of water levels in wells in Helena Vallgy) Mont.--Con. 51
10-3-11lba.
Depth Depth Depth
to water to water to water
Date level Date level Date level
(feet) (feet) (feet)
May 5, 1948 15.80 Aug. 24, 1948 6.39 Jan. T, 1949 13.00
19 15.00 Sept.21 6.96 Feb. 8 1k.55
June 24 12.00 Oct. 20 9.40 Mar. 10 15.43
July 23 8.71 Dec. 5 11.16
10-3-1lcc.
May 3, 1948 15.90 Aug. 23, 1948 3.57 Jan. T, 1949 11.84
18 14.50 Sept.2l 4 .57 Feb. 8 13.27
June 23 8.50 Oct. 20 8.05 Mar. 10 14.05
July 22 4.67 |l Dec. 3 9.97
10-3-1kcb.
May 3, 1948 23.98 || Aug. 23, 1948 9.81 Jan. T, 1949 (g)
18 23.98 Sept .21 11.45 Feb. 8 (g)
June 2k 16.88 Oct. 20 12.37 Mar. 10 18.77
July 22 9.26 {| Dec. 3 15.06
10-3-1kdb.
May 3, 1948 29.40 Aug. 23, 1948 14.60 Jan. T, 1949 22.85
18 28.30 Sept.21 16.19 Feb. 8 24 .62
June 24 24.20 Oct. 20 18.25 Mar. 10 25.85
July 22 18.88 Dec. 3 20.51
10-3-15abl.
May 3, 1948 7.40 Aug. 23, 1948 3.70 Jan. T, 1949 6.15
18 7.00 Sept.21 3.95 Feb. 8 6.35
June 23 3.20 Oct. 20 4.30 Mar. 10 6.80
July 22 3.01 Dec. 3 5.33
10-3-15ab2.
May 3, 1948 7.50 July 22, 1948 1.92 Oct. 20, 1948 3.66
18 6.40 Aug. 23 3.00 Dec. 3 4.5k
June 23 2.90 Sept.21 3.05

g Road closed.




52 Table 5.--Records of water levels in wells in Helena Valley, Mont.--Con.

10-3-15ac.
Depth Depth Depth
to water to water to water
Date level Date level Date level
(feet) (feet) (feet)
May 3, 1948 | * 7.80 Aug. 23, 1948 1.65 Jan. T, 1949 4 .27
18 6.70 Sept.21 2.66 Feb. 8 k.75
June 2k 4.60 Oct. 20 3.21 Mar. 10 4.89
July 22 3.91 Dec. 3 3.86
10-3-15ba.
Mey 3, 1948 2.80 Aug. 23, 1948 3.05 Jan. T, 1949 4 .85
18 3.80 Sept.21 3.41 Feb. 8 5.22
June 23 2.40 Oct. 20 2.99 Mar. 10 h.72
July 22 2.6k Dec. 3 4,03
10-3-15bd .
Apr. 30, 1948 L.40 Aug. 23, 1948 4 b5 Jan. 7, 1949 k.70
May 18 3.80 Sept.21 4.85 Feb. 8 %.70
June 23 3.60 Oct. 20 h.6h Mar. 10 L.66
July 22 4,53 Dec. 3 4,61
10-3-16ac.
Apr. 30, 1948 14.30 Aug. 23, 1948 11.39 Jan. T, 1949 13.69
May 18 14.30 Sept.21 13.11 Feb. 8 13.80
June 23 12.90 Oct. 20 13.12 Mar. 9 13.33
July 22 12.29 Dec. 2 13.35
10-3-16bc.
Apr. 30, 1948 27.26 Aug. 21, 1948 22,34 Jan. T, 1949 24.81
May 18 27.26 Sept.21 2247 Feb. 8 25.46
June 23 24.36 Oct. 20 23.00 Mar. 10 25.36
July 21 22.65 Dec. 2 24 .26
10-3-16da.
Apr. 30, 1948 3.90 || Aug. 23, 1948 3.20 || Jden. 7, 1949 3.96
May 18 3.90 Sept.21 3.25 Feb. 8 k.00
June 23 2.40 Oct. 20 3.55 Mar. 10 3.42
July 22 3.10 Dec. 3 3.80




Table 5.--Records of water levels in wells in Helena Valley, Mont.--Con. 53
10-3-1Tbc.
Depth Depth Depth
: to water to water . to water
Date level Date level Date level
(feet) (feet) (feet)
Apr. 27, 1948 42,30 Aug. 21, 1948 37.87 Jan. 1, 1949 3%.30
May 17 42 .40 Sept.20 36.72 Feb. T 33.55
June 22 40.50 Oct. 19 35.64 Mar. 9 32.97
July 21 h 44.09 || Dec. 2 3h.63
Itg3 -18ac.
Apr. 27, 1948 37.57 Aug. 21, 1948 34.02 Jan. 5, 1949 34.62
May 17 37.37 Sept.20 34.77 Feb. 7T 34.59
June 22 33.37 Oct. 19 33.84 Mar. 9 33.94
July 21 34.34 Dec. 2 34.07
10-3-18ad.
Apr. 27, 1948 40.30 Aug. 21, 1948 34.58 Jan. 6, 1949 31.92
May 17 40.10 Sept .20 33.78 Feb. 7 30.75
June 22 38.00 Oct. 19 33.55 Mar. 9 30.44
July 21 36.36 Dec. 2 32.56
10-3-22aal.
May 3, 1948 15.48 Aug. 23, 1948 6.18 || Jan. 7, 1949 7.64
18 1 14.48 Sept.21 6.43 Feb. 8 7.70
June 23 T7.18 Oct. 20 6.13 Mar. 9 9.54
July 22 7.32 Dec. 3 8.45 ‘
10-3-22aa2.
May 3, 1948 7.30 Aug. 23, 1948 6.50 Jan. 7, 1949 9.12
18 6.50 Sept.21 6.50 Feb. 8 9.20
June 24 9.00 Oct. 20 6.85 Mar. 10 10.75
July 22 8.40 Dec. 2 9.33
10-3-22ab.
May 3, 1948 13.74 Aug. 23, 1948 5.55 Jan. 9, 1949 T7.27
.18 13.04 Sept.21 6.29 Feb. 8 7.00
June 24 6.4k Oct. 20 5.97 Mar. 10 8.83
July 22 7.01 Il Dec. 3 ° T.17

h Well pumping.



Sh Table 5.--Records of water levels in wells in Helena Valley, Mont.--Con.

10-3-22ba.
Depth Depth . Depth
to water to water to water
Date level Date level Date level
(feet) df (feet) (feet)
May 3, 1948 36.20 Aug. 23, 1948 31.80 Jan. T, 1949 33.11
18 35.70 Sept.21 31.75 Feb. 8 33.72
June 16 33.90 Oct. 20 30.40 Mar. 10 33.86
July 22 32.90 Dec. 2 31.93
AN
10-3-22da.
May 5, 1948 | 67.25 || Aug. 23, 1948 | 57.20 || Jan. 2, 19%9 (g)
18 64.65 Sept.21 55.11 Feb. T (g)
June 24 61.15 Oct. 20 56.55 Mar. 10 63.75
July 22 57.65 Dec. 2 59.65
10-3-2kchb.
May 7, 1948 k2,00 Aug. 25, 1948 21.35 Jan. 8, 1949 32.28
20 40.80 Sept.22 24 .54 Feb. 9 35.17
June 23 25.20 Oct. 22 27.25 Mar. 10 36.59
July 23 16.87 Dec. L __29.50
10-3-24dc.
May 5, 1948 17.95 Aug. 25, 1948 12.42 Jan. 8, 1949 28.33
20 15.45 Sept.22 19.15 Feb. 9 31.71
June 24 7.95 Oct. 21 18.52 Mar. 11 16.45
July 23 8.36 Dec. k4 25.50
10-4-124da.
Apr. 27, 1948 | 11.5%4 || Aug. 21, 1948 L.00 || Jan. 5, 1949 6.55
May 17 8.74 Sept.20 LIRIT Feb. T 6.71
June 22 4. oh Oct. 19 5.37 Mar. 9 6.56
July 21 3.33 Dec. 1 5.75
10-4-124d4.
Apr. 27, 1948 8.33 | July 21, 1948 2.26 || Sept.20, 1948 5.33
May 17 6.33 Aug. 21 5.15 Oct. 19 5.79
June 22 3.53

g Road closed.



'Table 5.--Records of water levels in wells in Helena Valley, Mont.--Con. 55

10-4-13ab.
Depth Depth " Depth
to water to water to water
Date level Date level Date level
(feet) (feet) (feet)
Apr. 27, 1948 9.21 July 21, 1948 4.16 Oct. 19, 1948 7.87
May 17 T.01 Aug. 21 i 6.92 Dec. 1 7.93
June 22 1.21 Sept .20 8.26
10-4-13da.
Apr. 27, 1948 8.43 Aug. 21, 1948 | 6.80 Jan. 5, 1949 8.52
May 17 6.33 Sept .20 8.46 Feb. 7T 8.55
June 22 5.63 Oct. 19 8.37 Mar. 9 8.47
July 21 5.81 Dec. 1 7.89
11-2-19db.
May 11, 1948 20.03 July 23, 1948 19.29 Oct. 21, 1948 19.85
20 20.13 Aug. 2k 19.48 Dec. & 19.96
June 2k 20.53 Sept .22 20.17 Jan. 8, 1949 | 20.08
11-2-3lac.
May 10, 1948 8.09 Aug. 23, 1948 7.29 Dec. 4, 19048 8.11
20 8.59 Sept .23 8.14 Jan. 8, 1949 8.44
June 24 6.49 Oct. 21 8.08 Feb. 9 9.10
July 23 7.19
11-2-31bc.
May 10, 1948 1.40 Aug. 2k, 1948 2.70 || Jan. 8, 1949 2.58
20 1.90 Sept .22 2.66 Feb. 9 2.79
June 24 2.00 Oct. 21 2.12 Mar. 9 2.02
July 26 2.34h Dec. k4 1.81
11-2-31cc.
May 10, 1948 %.10 Aug. 2k, 1948 k.05 Jan. 8, 1949 L .5k
20 k.50 Sept.22 4,32 Feb. 9 (b)
June 24 3.80 Oct. 21 hoit Mar. 11 4. 49
July 26 4,03 Dec. 4 4,17

b Frozen over.



56 Table 5.--Records of water levels in wells in Helena Valley, Mont.--Con.

11-2-31cdl.
Depth Depth Depth
Date to water Date to water Date to water
level level level
(feet) (feet) (feet)
May 10, 1948 | '..5.20 Aug. 24, 1948 5.95 Jsn. 8, 1949 6.37
20 5.40 Sept.22 6.19 Feb. 9 6.59
June 24 5.30 Oct. 21 6.10 Mar. 11 6.32
July 26 k.70 Dec. k4 6.06
11-2-31cd2.
May 10, 1948 2.50 July 26, 1948 1.63 Sept.22, 1948 1.72
20 2.60 Aug. 24 1.65 Oct. 21 1.69
June 24 2.40
11-2-31db.
May 10, 1948 20.65 Aug. 24, 1948 19.40 Jan. 8, 1949 20.53
20 20.75 Sept.22 20.11 Feb. 9 21.05
June 24 20.75 Oct. 21 20.08 Mar. 11 20.82
July 23 19.55 Dec. L 20.1h
11-3-13cb.
Mey 5, 1948 24 .83 Aug. 23, 1948 20.61 Jan. 6, 1949 23.68
20 24.83 Sept.21 21.97 Feb. 9 25.22
June 23 24 .43 Oct. 20 22.45 Mar. 10 25.45
July 23 21.64 Dec. 3 22.89
11-3-13dd.
May 5, 1948 5.80 July 23, 1948 3.77 Oct. 20, 1948 k.11
20 6.60 Aug. 23 2.32 Dec. 2 L. 42
June 23 4.30 Sept.21 4.05
11-3-14bb.
May 5, 1948 60.70 Aug. 23, 1948 58.08 Jan. 6, 1949 58.86
20 62.80 Sept.21 57.92 Feb. 8 60.50
June 23 62.30 Oct. 20 58.22 Mar. 11 61.07
July 23 58.84 Dec. 3 58.99 :




Table 5.--Records of water levels in wells in Helena Valley, Mont.--Con.

5T

11-3-15bc.
Depth Depth Depth
Date to water Date to water Date to water
level level level
(feet) (feet) (feet)
May 5, 1948 16.50 || Aug. 23, 1948 9.26 Jan. 6, 1949 13.68
20 15.70 Sept.21 11.17 Feb. 8 14.70
June 23 10.50 Oct. 20 12.94 Mar. 10 14.68
July 23 8.42 || Dec. 2 13.40
11-3-15cb.
May 5, 1948 | 8.90 July 22, 1948 6.01 Sept.21, 1948 6.90
20 8.40 Aug. 23 6.02 Oct. 20 8.65
June 23 6.30
11-3-15dd. °
May 5, 1948 10.96 Aug. 23, 1948 8.56 Jan. 6, 1949 10.32
20 10.66 Sept.2l 9.48 Feb. 8 : 11.26
June 23 10.56 Oct. 20 9.5h Mar. 10 11.11
July 23 8.67 Dec. 2 9.68
11-3~16bc.
Apr. 30, 1948 32.30 June 22, 1948 29.40 Aug. 23, 1948 25 .45
May 18 32.90 July 21 27.50 Sept .21 25.66
11-3~-16¢h.
Apr. 30, 1948 | 21.86 | Aug. 23, 1948 12.42 Jan. 6, 1949 18.88
May 18 21.96 Sept.21 13.47 Feb. 8 19.91
June 22 17.64 Oct. 20 16.13 Mar. 9 20.51
July 21 10.8% || Dec. 2 17.90
11-3-16d4d.
Mey 5, 1948 7.07 Aug. 23, 1948 6.01 Jan. 6, 1949 7.22
20 6.67 Sept.2l 7.02 Feb. 8 7.49
June 22 T7.07 Oct. 20 6.37 Mar. 10 T.92
July 22 6.21 Dec, 2 6.48




H

58 Table 5.--Records of water levels in wells in Helena Valley, Mont.--Con.

11-3-17cd.
Depth Depth Depth
to water to water to water
Date level Date level Date level
(feet) (feet) (feet)
Apr. 30, 1948 25.4%0 || Aug. 23, 1948 16.54 Jan. 6, 1949 19.97
May 18 25.60 Sept.2l 17.88 Feb. 8 21.71
June 22 17.80 Oct. 20 19.27 Mar. 9 21.55
July 21 13.78 || Dec. 2 20.40
11-3-1844.
Apr. 30, 1948 38.44 Aug. 23, 1948 33.77 Jan. 6, 1949 35.27
May 18 38.6k4 Sept.21 33.76 Feb. 8 35.73
June 22 36.94 Oct. 20 34.29 Mar. 9 36.17
July 21 34 .97 Dec. 2 34 .65
11-3-1%ad.
Apr. 30, 1948 3L.73 Aug. 21, 1948 28.34 Jan. 6, 1949 31.35
May 18 34.83 Sept.21 30.49 Feb. 8 31.94
June 22 30.43 Oct. 20 30.15 Mar. 9 32.46
July 21 28.19 Dec. 2 30.49
11-3-21ab.
May 5, 1948 1.00 July 22, 1948 1.10 Sept.21, 1948 1.39
20 1.20 Aug. 2k 1.30 Oct. 20 45
dune 22 1.00
11-3-21cd.
May 5, 1948 7.91 Aug. 23, 1948 6.33 Jan. 6, 1949 |  8.59
19 9.11 Sept.21 7.02 Feb. T 9.31
June 23 8.4 Oct. 20 T7.26 Mar. 9 7.61
July 22 5.6k Dec. 2 8.22
11-3-21dcl.

May 5, 1948 8.49 Aug. 24, 1948 L .56 Jan. 1, 1949 8.05

19 8.29 Sept.21 5.78 Feb. 8 8.1k
June 23 5.31 Oct. 20 T.06 Mar. 9 6.99
July 23 6.06 Dec. 2 7.51




Table 5.--Records of water levels in wells in Helena Valley, Mont:.--Cdn.. 59
11-3-21dc2.

' Depth Depth Depth
to water to water to . water:

Date level Date level Date level
(feet) A (feet) I (feet)

Mey 5, 1948 | 10.15 || July 23, 1948 9.58 || Oct. 20, 1948 9.97
19 10.45 Aug. 23 9.41 Dec. 2 10.16

June 23 10.35 Sept.21 _10.05 ...
11-3-214d.

May -5, 19048 780 || Jume 23, 1068 | 6.90 || Aug. 23, 1048 T.12
19 7.80 July 23 _7.87 |l Sept.21 5.27
11-3-22cb.

May 5, 1048 | 5.30 || July 23, 1048 |  5.55 || Oct. 20, 1988 |  6.00
19 4.20 {| Aug. 23 6.15 || Dec. 2 5.22

June 23 4.50 || Sept.21. 6.30
11-3-22cc.

Mey 5, 1948 750 | Aug. 23, 1048 8.55 || Jdan. 8, 1049 8.20
19 7.10 Sept.21 9.12 Feb. 8 8.45

June 23 7.60 Oct. 20 8.76 Mar. 9 7.75

July 23 8.10 Dec. 3 .. 8.25
11-3-23bb.

Mey 5, 1948 5.70 || June 23, 1958 L.50 || Aug. 23, 1948 |  3.91
20 5.40 July 23 3.12 || Sept.2l h.17
11-3-25dc.

May 10, 1048 | 5.70 || July 26, 1968 | 6.20 || Oct. 21, 1948 |  6.50
20 6.10 Aug. 24 7.28 Dec. &4 6.04

June 2k 6.20 Sept.22 7.22_ || Mar. 11, 1949 5.47
11-3-264d.

May 6, 1948 1.19 July 23, 1948 1.69 Sept.22, 1948 3.40
19 1.19 || Aug. 24 2,69 Oct. 21 3.12

June 24 1.49




60 Table 5.--Records of water levels in wells in Helena Valley, Mont.--Con.

11-3-28ac.
Depth Depth Depth
to water to water to water
Date level Date " 1evel Date level
(feet) (feet) (feet)
May 5, 1948 0.03 July 23, 1948 0.53 Oct. 20, 1948 1.52
19 .23 1.23 Dec. 2 1.46
June 23 .1 2.11
11-3-30adl.
Apr. 29, 1948 9.60 Aug. 21, 1948 5.25 Dec. 2, 1948 7.30
May 17 8.80 Sept.21 5.88 Jan. 6, 1949 (v)
June 22 3.90 Oct. 19 8.87 Feb. 8 (v)
July 21 4,19
11-3-30ad2.
Apr. 29, 1948 8.60 || Aug. 21, 1948 5.47 Jan. 6, 1949 7.00
May 17 8.60 Sept.20 5.78 Feb. 8 T7.69
June 22 4 .40 Oct. 19 6.33 Mar. 9 7.02
July 21 L.0b || Dec. 2 6.50
11~3-30cc.
Apr. 29, 1048 26.30 || Aug. 23, 1948 18.43 Jan. 9, 1949 23.36
May 17 25,20 Sept.21 19.00 Febp 8 2h.21
June 22 18.20 Oct. 20 20.02 Mar. 9 24 .80
July 21 17.02 Dec. 2 22.49
ll -3 '30&& .
Apr. 29, 1948 5.90 || Aug. 21, 1948 %.66 || Dec. 2, 1948 |- 5.1%
May 17 5.60 Sept.20 5.32 Jan. 6, 1949 5.44
June 22 4.20 Oct. 19 5.39 Feb. 8 (b
July 21 3.5k
11-3-31bb.
Apr. 29, 1948 10.20 Aug. 23, 1948 5.80 Jan. 6, 1949 7.55
~May 17 5.50 Sept.21 6.18 Feb., 8 8.20
June 22 5.60 Oct. 20 6.38 Mar. 9 8.2k
July 21 k.00 Dec. 2 6.94

b Frozen over.




Table 5.--Records of water levels in wells in Helena Valley, Mont.--Con. 61
11-3-31cc.
Depth Depth Depth
to water : to water to water
Date level Date level Date level
(feet) || (feet) : (feet)
Apr. 29, 1948 | 11.07 Aug. 23, 1948 | 8.17 }| Jen. 6, 1949 9.35
May 17 10.87 Sept.21 8.52 Feb. 8 9.78
June 22 9.37 Oct. 20 8.82 Mar. 9 9.84
July 21 8.62 Dec. 2 9.04
11-3-31da.
Apr. 29, 1948 7.00 Aug. 21, 1948 5.82 Jan. 6, 1949 6.81
May 17 6.60 Sept.20 6.60 Feb. 8 7.21
June 22 k.60 Oct. 19 6.58 Mar. 9 6.37
July 21 L, sk Dec. 2 6. 4L
11-3-32ccl.
Apr. 29, 1948 11.40 Aug. 21, 1948 9.00 Dec. 2, 1948 10.35
May 17 10.90 Sept.20 10.06 Jan. 9, 19k9 10.56
June 22 7.70 Oct. 19 10.38 Feb. 8 (e)
July 21 8.75
11-3-32¢cc2.
Apr. 28, 1948 11.20 Aug. 21, 1948 9.12 Dec. 2, 1948 10.30
May 17 10.70 Sept .20 10.08 Jan. 6, 1949 9.40
June 22 8.60 Oct. 19 10.38 Feb. 8 (v)
July 21 9.07
11-3-32dbl.
Apr. 28, 1948 3.10 || Aug. 21, 1948 2.65 Dec. 2, 1948 3.66
May 17 3.30 Sept.20 h.4o Jan. 6, 1949 (b)
June 22 2.80 Oct. 19 4.06 Feb. 8 (v)
July 21 2.62 -
11-3-32db2.
Apr. 28, 1948 2.10 Aug. 21, 1948 2.77 Dec. 2, 1948 2.40
May 17 2.40 Sept .20 3.18 Jan. 6, 1949 (b)
June 22 2.00 Oct. 19 2.66 Feb. 8 (v)
July 21 2.20
b Frozen over.
e Well covered for winter.



{

62 Table 5.--Records of water levels in wells in Helena Valley, Mont.--Con.

11-3-32dc.
Depth Depth Depth
to water to water to water
Date level Date level Date level
_ _ | (feet) (feet) ' (feet)
Apr. 28, 1948 .6.03 n Aug. 21, 1948 6.43 Jen. 6, 1949 7.17
May 17 6.23 Sept.20 T.41 Feb. 8 T.64
June 22 5.53 Oct. 19 T.34 Mar. 9 6.90
July 21 4.43 || Dec. 2 6.97
11-3-33cc.
May &, 1948 3.00 || Aug. 24, 1048 3.92 || Jan. 7, 1949 3.87
18 2.90 Sept.22 4.25 Feb. 9 (v)
June 23 2.50 Oct. 21 3.61 Mar. 9 2.82
July 22 3.30 Dec. 3 3.29
11-3-3kbe.
May &, 1048 3.50 || July 22, 1948 %.10 || Sept.22, 1948 k.75
18 3.00 || Aug. 2k 4.61 Oct. 21 414
June 23 2.80
11-3-35ac.
May 6, 1948 1.00 July 23, 1948 2.50 Sept.22, 1948 1.53
19 1.80 || Aug. 24 1.53 Oct. 21 .85
June 24 1.40
11-3-36cd.
May 5, 1948 2.70 || Aug. 25, 1948 2.87 || Dec. L, 1048 2.57
19 2.90 Sept.22 3.05 Jan. 7, 1949 3.21
June 24 2.60 Oct. 21 2.54% Mar. 9 2.5
July 23 3.00

b Frozen

over.
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