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PRELIMINARY REPORT

GROUNDAND WATER

NORTHEASTERN BLAINE

ON THE GEOLOGY

OF

C OUNTY,

MONTANA

By

Everett  A.  Zimmerman

ABSTRACT

The geology and ground-water resources of  northeastern Blaine
County were invest igated under a cooperat ive program between t ,he
U. S. Geological  Survey and the Montana Bureau of  Mines and Geology.
The area includes rocks ranging in age from Late Cretaceous to Recent.

Limited suppl ies of  ground water can be obtained from the Judi th
River,  Fox Hi11s, and Hel l  Creek format ions of  Cretaceous age and
deposi ts of  Pleistocene and Recent age. Large suppl ies of  water of
good qual i ty are avai lable f rom the Flaxvi l le format ion,  which under-
l ies the Big F1at.  The only source of  recharge to the aqui fer  is
precipi tat ion fa l l ing on the plateau which i t ,  under l ies.  I t  is  est , i -
mated that,5r000 acre-feet of  recharge is avai lable for  urse f rom the
F1axvi1le format ion.  Approximately 300r000 acre-feet of  ground water
is in storage and deplet ion of  the aqui fer  is not imminent under pre-
sent patterns of  water use.

INTRODUCTTON

Increasing water requirements for  i r r igat ion,  industry,  and
domest ic use in Mont,ana have necessi tated an evaluat ion of  i ts  water
resources. The total  water resources avai lable for  use by man are:
(1) surface water,  the water that  is  v is ib le in streams, lakes, and
reservoirs l  (Z) ground watere the water in the zone of  saturat ion
beneath the land surface; and ( : )  ra in and snow which are the ul t i -
mate source of  both surface water and ground water.  This report . ,  3s
a part  of  a prograrn for  the development,  conservat ion,  and use of  the
water resources of  Montana. summarizes the resul ts to date of  an



invest igat ion of  the ground-water resour.ces of  northeastern Blaine
County.  I t  is  based on studies made between June L957 and No-
vember 1959. Pending publ icat ion of  a f inal  report ,  progressively
more detai led informat i -on wi l l  become avai lable at  the of f ices of
the Montana State Bureau of  Mines at  Butte and the U. S. Geoloei-
cal  Survey in Bi l l ings.

The invest igat ion was made by bhe Geological  Survey in co-
operat ion wi th the Montana Bureau of  Mines and Geology. I t  is  one
of a ser ies of  invest igat j -ons begun since the 1955 Mont,ana State
Legis lature f i rst  appropr iated funds to the Montana Bureau of  Mines
and Geology for cooperat ion wi th the Geological  Survey to invest i -
gate the avai labi l i ty  and qual i ty of  the ground water of  the State.
(See f ig.  1.)  The Federal  Government and the State of  Montana
share equal ly t ,he cost of  these cooperat ive invest igat ions.

The general  purpose of  th is invest igat ion is to appraise the
ground-water resources of  northeastern Blaine County.  The ob-
ject ives were to determine (1) the character and extent of  the
wat,er-bear ing rocks t  (2)  tne mode of  occurrence, direct ion of  move-
ment,  and the avai labi l i ty  of  ground water. ;  (3)  t t re annual ,  season-
a1, and long-term f luctuat ions j -n the amount of  water in storage
underground; (+) the chemical  qual i t ,y of  the water;  and (5) the
areas from which substant ia l  suppl ies of  ground water of  good
qual i ty can be obtained.

The we11s ci ted in th is report  are numbered according to their
locat ion wi th in the U. S. Bureau of  Land Managementrs survey of  the
area. (See f ig.  2)  As al l  wel ls l ie wj- th in the northeast quadrant
of  the Mont,ana Pr incipal  Meridian and Base Line system, the pref ix
let ter  A is omit ted for  convenience. The f i rst  numeral  of  the wel l
number denotes the township,  the second the range, and the thi rd
the sect ion in which the wel l  is  located. Lowercase let ters af ter
the sect ion number indicate the locat ion of  the wel l  wi- th in the
quarter sect ion and t ,he quarter-quarter sect ion,  respect ively.  The
lowercase let , ters are assigned in a counterclockwise direct ion,
beginning in the northeast quadrant.  I f  two or more wel ls are
located within the same quarter-quarter sect ion,  suf f ix  ser ia l
nu.mbers assigned in the order that  the wel ls were inventor i -ed are
added to the wel l  numbers.  Spr ings and surface-water sampl ing
point ,s are numbered in the same manner.

Appreciat ion is expressed to the resident,s of  northeastern
Blaine County and to t ,he organizat ions and agencies that  contr i -
buted to th is invest igat ion.  Special  thanks are given to residents
who freely suppl ied informat ion and permit ted access to their  we1ls
and land.
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PREVIOUS INVESTIGATTONS

The geology of  part  of  northeastern Blaine County was f i rst
descr ibed by L.  J.  Pepperberg (1908) in his report  on the Mi lk
River coal  f ie ld.  A.  J.  Col l ier  and W, J.  Thom, Jr .  prepared a
report  (L9L7) ent i t led t tThe F1axvi l1e gravel  and i ts relat ion to
other terrace gravels of  the northern Great Plainsrr  in which th is
as wel l  as several  other areas were discussed. Northeastern Bl-aine
County is included in several  studies of  larger areas such as F.  H.
Calhounrs t tThe Montana lobe of  the Keewat in ice sheetr t  (1906) and
W. C. Aldents t?Physiography and glacial  geology of  eastern Montana
and adjacent areastt  (L932).  In addi t ion to these publ ished papers
the wri t ,er  was permit ted the use of  an unpubl ished map by Roger
Colton based on photogeologic reconnaissance of  the glacial  geology
of eastern Montana.

GEOGRAPHY

The 830 square mi les of  northeastern Blaine County,  covered in
this report ,  l ie in the glaciated part  of  the Great Plains.
Boundar ies for  th is study are the township l j -ne between Ts. 22 and
23 E. on the west,  the Mi lk River on the south,  the Blaine-Phi1l ips
County l ine on the east,  and the U. S. Canadian boundary on the
north.  (See f ig.  1 and pl .  I . )

The populat ion of  Blaine County was 8r516 in 1950. Wit ,h in the
study area are the towns of  Har lem with a populat ion of  Lr I07,
Turner wi th 17 5,  and Hogeland with I25.

The cl imate of  northeastern Blaine County is character ized by
cold winters,  hot  summers,  moderate wind, and l ight  precipi tat ion.
Large dai ly and seasonal  temperature f luctuat ions are conmon.

CLIMATIC DATA FOR HARLEM

Average annual  temperature 42o F.
Highest recorded temperature 7O7o F.

(A.-rS .  L2,  1940)
Lowest recorded temperature -5Oo F.

(Feb. t5,  1936)
Average length of  growing season I24 days
Average date of  last  k i l l ing f rost  May 19
Average date of  f i rst  k i l l ing f rost  Sept.  20
Average annual  precipi tat ion L2.68 in.

The heaviest  precipi tat ion,  about 26% of tota1,
normal ly fa l ls  in May and June.

The lvt i lk  River drains the area studied. Approximately the
southern th i rd is drained by f ive smal l  ephemeral  streams f lowing
southeastward to the Mi lk River.  The remainder is drained to the
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north and east and thence to the Mi lk River.  Drainage has been
only part l .y restored since glaciat ion;  parts of  the area are charac-
ter ized by r-rndrained shal low depressi-ons.

Agr icul ture is the pr incipal  industry in northeastern Bl-aine
County.  I r r igat ion farming is conf ined to the Mi lk River va11ey
except for  the smal l  acreage present ly i r r igated by ground water.
The pr incipal  crops grown with i r r igat ion are forage crops, sugar
beets,  potatoes, and grains.  The rais ing of  l ivestock is important
in the economy of  the i r r igated port ions of  the area. The non-
i r r igated land is used for l ivestock pasture and smal l -grain farming.

Northeastern Blaine County may be div ided into four physiographic
sectors:  (a)  tne Mi lk River va11ey; (b) a gent ly rol l ing glaciated
plain to the north of  the Mi lk River va11ey; (c)  

"n 
elevat,ed plat ,eau;

and (d) an i r regular.  g laciated plain.  (See f ig"  3.  )  The Nl i lk  River
va1ley is a broad near ly 1evel  f lood plain along t ,he Mi lk River.
North of  the val ley a rol l ing glaciated plain r ises toward the north.
Thj-s plain is incised by a number of  t r ibutary streams occupying
trench- l ike val leys and by channels once occupied by streams of
glacial  meltwater but now dry except for  ephemeral  lakes and smal l
ephemeral  streams.

A broad, gent ly rol l ing plateau bounds the glaciated plain on
the north.  Glacial  deposi ts also cover the surface of  th is plateau
but their  topographic expression is st tbdued. Some ear ly workers
ca11ed this plateau The Boundary Plateau but local  usage terms i t
the t tBig FlaL.tr  Local  usage is fo l lowed in th is paper.

The Big Flat  is  bounded on the north by Woody Is land coulee
which is a broad incised val ley eroded by glacial  meltwater and now
occupied by one smal l  intermit tent  creek. North of  Woody Is land
coulee are glacial  deposi t ,s lef t  by stagnantr  f r€ l t , ing ice.  The topo-
graphic expression of  these deposi t ,s is a patternless assemtr lage of
hi l locks wi th sma11 wet-weat,her ponds occupying low places among
them. These hi l locks extend northward int ,o Canada.

GROUND WATER

Occurrence

Because water beneath the earthts surface is hidden, i t  is
of ten regarded as shrouded in mystery.  Many var ied and fanci fu l
explanat ions as to i t ,s source and occurrence have been advanced.
However,  scient i f ic  study shows that ground water is an important
part  of  the hydrologic cycle (see f ig.  4)  and obeys'certain physical
laws and pr inciples.  These laws and pr inciples are,  in general ,
s imple and easi ly understood, al though they may be complex in de-
tai1.

The rocks and u.nconsol idated overburden that form the outer
crust  of  the earth general ly cont,ain many voids or interst ices.
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Below a certain leve1 these voids are f i l led wi th water and form
vast underground reservoirs for  the storage and condui ts for  the
transmission of  water.  This reservoir  is  replenished by downward
percolat ion of  water f rom precipi tat ion and by seepage from irr i -
gat ion water,  streams, and canals.  'Tt  is  depleted by discharge to
the earthts surface through spr ings,  we11s, and ef f luent streams,
or to the atmosphere by evaporat ion and transpirat ion.

The water in an underground reservoir  may be under ei ther
artesian or water- table condi t ions.  A format ion,  group of  for-
mat ionsr or part  of  a format ion that may yield ground water in use-
fu1 quant i t ies is cal led an aqui fer .  Ground water that  r ises in a
wel l  above the point  at  which i t  is  f i rst  encountered in an aqui fer
is cal led artesian water.  I f  the hydrost ,at ic pressure in the aqui-
fer  is  suf f ic ient  to cause the water to f low at  the ground surface
the wel l  is  cal1ed a f lowing artesian we1l.  I f  ground water does
not r ise in wel ls above the level  at  which i t  is  encountered in
dr i -11ing i t  is  said to be under water- tab1e condi t ions.  Both ar-
tesi-an and water- table condi t ions occur in northeastern Blaine
County.

Hydrologic Propert ies of  Aqui fers

The hydrologic propert ies of  an aqui fer  are governed by the
size,  shape, and degree of  interconnect ion of  the voids,  and by the
conf inement or lack of  conf inement of  the aqui fer .  These propert ies
control  the movement of  ground water through the encompassing rock
mater ia l  f rom i ts point  or  area of  i -ntake to i ts point  or  area of
discharge and the abi l i ty  of  the aqui fer  to take water into and

\Y--N/( '
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re lease i t  f rom storage. In general ,  coarse size,  roundness, and
uni formity in s ize favor t ,he abi l i ty  of  a format ion to absorb and
transmit  water i f  the format ion is composed of  c last ic mater ia l .
In addi t ion to these factors are secondary voids such as cracks,
f issures,  and solut ion cavi t ies that  make any kind of  rock more
permeable.  The pr incipal  aqui- fers in northeastern Blaine County
are c last ic Sandstone, sand, and gravel  beds.

Recharge and Movement

The water table does not remain stat ionary but r ises and fa1ls
as does the water level  of  a surface reservoir .  A r is ing water
table indicates that the recharge, the addi t ion of  water to the
underground reservoir ,  is  greater than the discharge in that  area;
conversely,  a fa l l ing water table indicates that discharge is
greater than recharge. The water table f luctuates more by the
addi t ion or discharge of  a certain quant i ty of  water than does the
level  of  a surface reservoir  because ground water occupies only
part  of  the volume of  a ground-water reservoir .

Ground water general ly is moving, cont inuously but s lowly,
f rom places of  recharge to places of  d ischarge. Ground water moves
down a so-ca11ed hydraul ic gradient-- that  is  f rom an elevated point
in a water- table aqui fer  or a poi-nt  of  h igh pressure head in an
artesian aqui fer  to a point  of  low elevat ion or low pressure head.
Ground water in northeastern Blaine County moves downst,ream and
general ly toward the stream in the stream al luvium and pr incipal ly
toward the northeast in the Flaxvi l le format ion.  The rate of  move-
ment of  ground water is s low in comparison to the rate of  movement
of  water on the land surface. Under a gradient,  of  10 feet to the
mi1e, Lhe rate of  movement may range from less than 1 foot  per
year in c lay to about 4 mi les per year in c lean, coarse gravel .  In
contrast ,  a surface stream under the same gradient may move several
mi les per hour.

Storage and Discharge

Changes in water levels ref lect  changes in the amount of
ground water j -n storage. Fluctuat ions of  the water table in the
area were determined by per iodic measurements of  21 wel ls.  The
records of  these measurements are on f i le at  the U. S. Geological
Survey of f ice in Bi1l ings.

Ground water may be discharged from the zone of  saturat ion by
evaporat ion,  t ranspirat ionr or by hydraul ic discharge through
streams, drains,  spr ings,  seepsr or we11s. Discharge by evapo-
rat ion and transpirat ion is.relat ively great along stream courses
and in poor ly drained areas, such as those in the Mi lk River val ley.
At some placesr ds along Woody fs land coulee where water-bear ing
rocks have been exposed by erosion, water drains out in the form
of numerous seeps and spr ings.  Much of  th is water is lost  to evapo-
rat ion and transpirat ion by water- loving plants dur ing the warm
growing season between May and September.  In the fa l l  and winter
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when frost  and cool  weather have ki l led of f  p lants and reduced
evaporat ion,  there is an increase in the discharge of  the spr ings.
At,  present,  the amount of  water discharged by natural  means great-
ly exceeds that wi thdrawn by we1ls.  '  In any ground-rvater system
the amount of  water discharged must,  over a long per iod,  balance
the amount imbibed by the aqui fer .  I f  d ischarge by one means i -s
increased without a corresponding increase in recharge, the amount
discharged by the other means wi"1l  be reduced.

GEOLOGY AND TTS RELATIONSHTP TO GROUND WATER

Sedimentary rocks ranging in age from Cambrian to Recent
under l ie northeastern B1aine County.  Of these, only those of  Late
Cretaceous age and younger crop out in the study area. These are:
t ,he Montana group consist ing of  the Judi th 'River f  ormat ion,  t ,he
Bearpaw shale,  and the Fox Hi l ls  sandstone, and the Hel. l  Creek
format ion of  Late Cretaceou.s age; the F1axvi l le format ion of  Mio-
cene or Pl iocene age; the glacial  and glacio-f luvial  deposi ts of
Pleistocene age; and the al luvi-urn of  Recent age. The strat i -
graphic relat ions,  l i t ,hology, and water-bear ing propert ies of
these format ions are shown in table 1.  Their  re lat ion to the
topography is i l lustrated in f igure 5.

Rocks Older Than Late Cret ,aceous Age

Deeper unexposed format ions under ly ing northeastern Blaine
County have not yet  been developed as important sources of  ground
water.  I t  is ,  however,  probable that  j -n the future these for-
mat ions may be considered as water sources. One of  these unex-
posed format ions that has in many places displayed abi l i ty  to
produce large quant i t ies of  moderately minera1- i .zed water is the
Mission Canyon l imestone of  the Madison group. This whi te massive
l imestone of  Mississippian age has yielded copious f lows of  water
to numerous oi- l  tests in eastern Montana. On several  occasions
the f low proved di f f iculL to control .  The l imest,one i tsel f  is
near ly impermeable but the upper part  is  jo inted and cavernous.
These jo ints and caverns can transmit  water at  a high rate.  Thus,
i f  a hole happens to penetrate one of  the jo ints or caverns a
large amount of  water may be obtained; i f  no jo int  or  cavern is
penetrated, however,  l i t t le or no water wi l l  be found. No method
by which the locat ion of  these voids may be determined before
dr i l l ing is now known. The format ion is bur ied at  a depth of
f rom abourt  3r900 to 418OO feet below the study area. Thus, de-
velopment of  ground water f rom the Mission Canyon l imestone is
an expensive and r isky undertaking.

Upper Cretaceous Rocks

The Judi th River format j -on of  Late Cretaceous ager the
oldest format ion exposed in northeastern Blaine County,  consists
of  about 400 feet of  lent icular beds of  sandstone, shale,  c1ay,
and coal .  These beds are predominant ly l ight  in color but contain
many brown ferruginous concret ions and some beds are cemented with
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Table 1.--Strat igraphic uni ts and their  water-bear ing propert ies,  Noi theastern Blaine County,  l lontana

Sys tem Serie s Formation
lpprox.  max.
thicknes s

(feet)
Li thologic character Water supply

Quaternary

Recent
Al luvium,
1ake, and
pond
depos i ts

200

Unconsol idated gravel ,  sand, s i l t ,
and clay.  Al luvium under l ies
stream val leys.  Paludal  sediments
floor nur(erous undrained de-
press ions .

Al luvium in Mi lk River val ley local ly y ie lds
moderate suppl ies of  h ighly mineral ized water.
Al luvium in t r ibutary val leys is var iable in
i ts water-bear ing character ist ics but local ly
provides moderate suppl ies of  water of  fa i r
qual i ty.  Paludal  deposi t .s are too th in and
f ine-erained to be a source of  erorrnd water-

l Ie is tocene

Glacial  de-
posi ts (Ka-
mes, eskers
ice- contacl
depos i ts ,
and outwasi
depos i ts)

100
Unsorted c1ay, s i l t ,  sand, gravel ,
and boulders (glaciaI  t i11) and
strat i f ied deposi ts of  sand and
grave I .

Wel ls in glacial  t i11 y ie ld l i t t le \ , rater.
Saturated strat i f ied deposi ts rnay yield
moderate suopl ies.

Tert  iary Miocene or
P 1 iocene

Flaxvi l le
fortaat ion

Wel l - rounded, moderately wel l
sorted, general ly unconsol idated
beds of  sand and quartz i te and
argi l l i te pebbles and cobbles.

Yields moderate to large amounts of  water of
good qual i ty.

Cre taceous rT^* ^ e
UPPE !

Cre taceous

HeII  Creek
format ion

200
Interbedded tan and gray sandstone
and shale wi th a few thin l igni te
beds. Numerous brown concreLions
in places.

Yields smal l  to moderate amounts of  water of
f ,a i r  qual i ty.

t{

t-,

o

Fox H i l ls
s ands tcrre

100
Fine-grained, f r iable,  Bray sand-
stone containing a few marine
fossi ls.

Untested as an aqui fer  in the study area
but probably may yield smal1 quant i t les of
waEer.

Be arp aw
shale

1 ,000
Dark bluish-gray to brown, marine
shale containing numerous concre-
t ions and thin beds of  whi te or
gray bentoni te.

Essent ia l ly  non-water-bear ing,

Judirh
River
f ormation

400 Li8ht-colored cont inental  and
brackish-water deposi ts of
lent icular sandstone, shale,  and
clay,  wi th some l igni te.

Yields sma11 to moderate amounts of  water,
Water rather highly mineral ized but may be
used for stock and domest ic purposes.



brown ferruginous mater ia l , .  Approxi-
mately the upper 200 feet of  the
fr : rmat ion is exposecl  in t ,he south-
eastern part  of  the area. The
Judi th River format ion suppl ies
water to only a few wel ls in north--
eastern Blaine County and these
wel1s provide only enough water for
stock and domest ic use.

The Judi th River format ion is
over la in by approximately 1r000
feet of  b lue-black shale containing
numerous i ronstone concret ions and
bentoni te beds which const i tute t ,he
Bearpaw shale of  Late Cretaceous
age. This format ion,  which under-
1i-es most of  nor" theastern Blaine
County,  is  not a favorable source
of ground wat,er.

The Fox Hi" l ls  sandstone of
Late Cretaceous age over l ies the
Bearpaw shale.  The fornat ion has
a thickness of  about 100 feet but
is exposed onl .y in a few places
along Woody fs land coulee. The
format ion consists targely of  gray
f ine-grained fr iable marine sand-
stone with a few fossi ls.  The for-
mat ion has not been tapped as a
source of  ground water in north-
eastern Blajne County largely be-
cause i t  is  over la in by aqui fers
capable of  producing relat ively
abundant suppl ies of  water.  The
general  l i thology of  the format ion
suggests that  i t  may yield enough
water f  or  dornest ic and stock use.

Over ly ing the Fox Hi11s sand-
stone is the Hel1 Creek format ion,
also of  Late Cretaceous age. This
format ion,  l ike the Fox Hi l ls  sand-
stone, crops out discont inuously
in only a few places in the
western part  of  the Big F1at.
White;  l ight-br"own, and gray sand-
stone ,  c lay,  shale,  and a f  ew thi-n
coal  beds const i tute the fornat ion.
I t  may be dist inguished from the
under ly ing marine Fox l l i l ls  by the
brown color of  some of  i t ,s beds,
the presence of  coal  beds, and
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Iand plant remnants that  form the nu.cleus of  smal l  brown concret ions.
The format ion provides water to a few wel ls in the western part  of
the Big Flat .  The water is adequate both in quant i ty and qual i ty
for l imi ted domest ic use.

Tert iary Flaxvi l le Format ion

Overly ing the eroded surface of  the He11 Creek format ion,  the
Fox Hi l ls  sandstone, and the Bearpaw shale is a layer of  sand and
gravelr 'ds much as 75 feet th ick,  cal l -ed the Flaxvi l le format ion.
(Col ton, R, B.,  in press,  Geology of  the Otter Creek quadrangle,
Montana, U. S. Geol.  Survey Geologic Quadrangle Ser ies.)  The sand
and gravel  composing this format ion is general ly unconsol idated
and consists of  wel l - rounded quartz i te and argi l l i te pebbles and
cobbles in a matr ix of  medium-grained sand. The proport ion of
sand to gravel  d i f fers f rom place-to-p1ace within the format ion.
In some places, the format ion is part ia l ly  cemented by calc i te.

The gravel  const i tut ing the F1axvi l le is bel ieved to have been
der ived by the reworking of  the Cypress Hi l ls  beds of  Ol igocene age.r
which in turn were der ived from the erosion of  the Rocky Mountains.
The F1axvi l le format ion has been dated as Miocene or Pl iocene on
the basis of  a few widely scattered vertebrate fossi ls "

The Flaxvi l le format ion is the most product ive aqui fer  in
northeastern Blaine County.  I t  provides water for  domest ic and
stock use for many farms on the Big Flat .  Since L957 a number of
i r r igat ion we1ls wi th y ie lds up to Lr2O0 gpr (gal lons per minute)
have been dr i l led to tap the Flaxvi l le.  Because the Flaxvi l le
under l ies an elevated plateau, recharge to the format ion is en-
t i re ly der ived from precipi tat ion on the plat ,eau surface. This
precipi tat ion is l ight  and consequent ly recharge to the format ion
is smal l .  These facts have led to alarm among some residents
about the possible deplet ion of  the aqui fer  by heavy pumping for
i r r igat , ion.  This problem has been considered, al though danger of
th is happening does not appear imminent.

The Flaxvi l le format ion under l ies about 100r 000 acres on the
Big Flat .  The average annual  precipi tat ion is about LZ inches
and probably about i  percent of  th is j -nf i l t rates to the aqui fer .
Thus i t  is  est imated that about 51000 acre-feet ("r  acre foot
wi l l  cover 1 acre to a depth of  1 foot)  a year now recharges the
aqui fer  under the Big Flat .  This water is discharged by spr ings,
wel ls,  and transpirat ion by plants,  where the water is wi th in
reach of  the roots.  I f  the discharge by any one of  these is in-
creased, i t  must be at  the expense of  the othersr or water must
be withdrawn from storage.

Water has been accumulat ing for  many years in the ground-
water reservoir  under ly ing the Big F1at.  Before the advent of
man a state of  equi l ibr ium had been reached and the amount of
recharge was balanced by the amount of  d ischarge. Water use by
man, to date,  has done l i t t le to disturb th is equi l ibr ium because
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water use, unt i l  the advent of  the i r r igat ion *el1s in 1957, a-
mounted only to a f  ew acre*f  eet  a year at  most,

I f  an average saturated thickness of  15 feet,  of  gravel  under-
I j -es the Big t r1at  and has a porosi ty of  ZO percent,  then about
300r000 acre-feet of  water is in storage in the F. l -axvj- l1e for*
mat ion under the Big F1at.  Water is constant ly spi l l ing f rom
this storage to supply the numerous seeps and spr ings along Woody
Island coulee. After per iods of  above-normal precipi tat i -c.rn and
the accompanying increase in recharge, the discharge from t ,he
ground-water reservoir  through the seeps and spr ings also in-
creases, according to local  reports.

The growing season on the Big Flat  is  short  and this places
a l imi t  on the crops i t  is  possible to raise.  Rais ing of  smal1
grains by dry- land met,hods has been successful  in the area, f ,arms
are large and investments in farming equipment which would not be
sui table for  i r r igated crops are great.  These factors make i t
unl ikely that  any large increase in acreages i r r igated by wel l -s
wi l l  take place in the near future on the Big F1at.

With the 51000 acre-feet of  recharge each year i t  should be
possible to app15'  l ight  i rn igat ion for  at  least  7,  O0O acres of
land. Part  of  the water pumped frorn the i r r igat , ion wel ls may be
expected to percolate back into the ground-water reservoj-r .  With
the 300r000 acre-feet of  water i -n storage in the gravel  aqui fer
i t  would be possible to pump somewhat more water than the average
annual recharge for a long per iod before ser ious deplet ion of  the
aqui fer  would take p1ace.

The fact ,  t ,hat  t ,he Flaxvi l le format i_on is nowhere more than
7 5 feet  th ick wi l - l  serve to l imi t  the amount of  water that  can be
withdrawn by i r r igat ion wel ls.  Large-capaci ty wel ls develop
broad cones of  depression in th is aqui fer  when pumped cont inuously
for the i r r igat ion season. Because of  the local  lent icular i ty of
the F1axvi l le format ion,  large capaci ty we11s should be located
at least  1 mi le apart  to avoid major mutual  interference.

Post-F1axvi1le Format ion and Pre-Pleistocene fnterval

A per i -od of  erosion fol lowed the deposi t ion of  the Flaxvi l le
format ion.  The land surface was dissected-to leave the Flaxvi l le"
which was deposi ted as a broad f lood plain,  capping a plateau.
At some t ime dur ing th is interval  the Missour i  River establ ished
a course that is now, except for  minor deviat i_ons, fo l lowed by
the Mi lk River.  Dur ing the course of  erosion one or more minor
gravel  terraces were formed below the surface of  the Flaxvi l le
format ion and above the present r iver f lood p1ain.  subsequent
erosion has near ly destroyed al l  t races of  these minor terraces.

During the per iod t ,hat  the
val ley now occupied by the Mi lk
and si l t  which have since been
the Mi lk Rj-ver.  (See f  iS.  5.  )

Missour i  River f l -owed through the
River,  i t  deposi ted gravel ,  sand,

covered by f lood-plain deposi ts of
Several  we1ls and t ,est  holes
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dr i l led in the val ley have penetrated these deposi ts and some wel ls
obtain water f rom these bur ied Missour i -  River al luviaI  deposi ts.
Local ly the chemical  qual i ty of  the water makes i t  unsui table for
domest ic,  stock,  and i r r i -gat ion use.

Pleistocene Deposi ts

During several  stages of  the Pleistocene epoch, glaciers
moved south and southeastward from Canada across northeastern
Blaine County.  As the glaciers occupied the val ley of  the ancient
Missour i  River,  the r iver was forced to make a new channel  south
of the ice f ront.  Tntermixed with the ice of  the glacier was a
great amount of  rock mater ia l  p icked up and i -ncorporated in the
glacier as i t  moved. When the ice melted this mater ia l  was lef t
as a heterogeneous deposi t  up to 100 feet th ick.  This mater ia l ,
caI led glacial  t i l l ,  is  shown on plate 1 as ground moraine, eX-
cept in a few places where i t  forms recessional  moraines. Because
the mater i -a l  was not uni formly distr ibuted in the glacial  ice and
because the j -ce did not melt  evenly the surface of  the morai-ne was
very i r regular.  This i r regular i ty is character ist i -c of  the ground
moraine today.

The glacial  t i l l  is  general ly unfavorable as a source of
ground water,  a l though a few wel ls obtain smal l  amounts of  water
from i t .

Dur ing the melt ing of  the glaciers,  water drained over the
ice,  through tunnels under the ice,  and through channels melted
through the ice.  The melt-water streams were heavi ly loaded with
rock mater ia l  which had been suspended in the ice.  As i t  f lowed,
the water dropped the coarser f ract ions in the channels and car-
r ied the f iner part ic les away. Thus, moderately-sorted sand and
gravel  deposi ts were lef t  to mark the water courses. These de-
posi ts are shown on plate I  as ice-cont,act ,  outwash terrace, and
out,wash deposi ts.  The ice-contact  deposi ts also include esker
deposi ts,  i f  the deposi ts were la id down in channels on or under
the ice,  or  kames, i f  the deposi ts were formed by water f lowing
along or over the edge of  the ice.  The outwash or outwash ter-
race deposi ts were la id down in channels leading away from t ,he
ice.  Var iat ions in the rate of  melt ing and consequent var iat ions
in the carry ing capaci ty of  the melt-water streams are bel j -eved
to account for  the al ternate downcutt ing and deposi t ion t ,hat  re-
sul ted in the format ion of  a ser ies of  outwash terraces above
the present bottoms of  some outwash channels.  Melt-water de-
posi t ,s are general ly favorable sources of  ground water where they
are topographical ly low enough to extend below the water tabIe.
They are not now developed as ground-water sources in th is area.

Recent Deposi ts

Fol lowing the melt ing of  the last  g lacier the Mi lk Ri-ver
occupied the pre-glacial  channel  of  the Mj-ssour i  River and es-
tabl ished a t r ibutary system to drain the area. (See f ig.  5.)
Some of the t r ibutary streams occupied glacial  melt-water channels
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and others have eroded their  own channels."  The stream va1leys are
now f loored with stream deposi ts of  gravel ,  sand, c1ay, and si l t
which are mapped as al1uvium. The al luvium in the t r ibutary
val leys general ly contains a higher proport ion of  sand and gravel .
than that in the Mi lk River va11ey wtr ich has been la id down as a
f lood-plain deposi t .  Al luvium in the t r ibutary val leys y ie lds
enough water for  stock and domest ic purposes whereas that in the
Mi lk River val lev does not.

Because of  the i r regular i ty of  the surface of  the glacial
t i l1,  drainage has been establ ished s1ow1y and j -s yet  uncoordi-
nated. Much of  the water draining of f  the t i l l  f lows into smal1
usual ly ephemeral  ponds and 1akes. Clay and si l t  have been e-
roded from the t i l l  into these ponds and deposi- ted there.  The
deposi ts are ordinar i ly  too th in and too smal1 in area to map.
However a few such deposi ts are large enough and thj-ck enough to
map" These are shown on plate I  as Paludal  deposi ts.  They are
too impermeable to y ie ld water to we11s hence are of  no value as
aqr,r i f  ers.

Erosion on hi l ls ides resul l "s in the accumulat ion of  uncon-
sol idated rnater ia l  of  a very heterogeneous mater ia l  caI led col lu-
v ium at the foot of  h i l l  s lopes. This mater ia l  is  near ly ubiqui-
tous but has only been mapped on plate 1 where i t  is  widespread
and thick enough to obscure the under ly i -ng rocks.  Because of  i ts
heterogenei ty i t  is  general ly of  low permeabi l i ty  hence is not a
l ikely source of  water.

CHEMICAL QUALITY OF THE WATER

The extent to which water resources can be ut i l ized depends
on the qual i ty as wel l  as the quant i ty of  the avai lable water.
As part  of  the ground-water invest igat i -on,  a study was made to
determine the chemical  qual i ty of  the water and to evaluate the
sui tabi l i ty  of  the water for  agr icul tural ,  domest ic,  and industr i -
a1 uses. The resul t ,s of  the analyses of  13 ground-water and 2
surface-water samples col lected in October 1959 and of  J analyses
of ground water provided by residents of  the area are shown in
table 2.  The locat ion of  sampl ing point ,s is shown on plate 1.
The data pertain only to the dissolved mj-neral  substances in the
water and not to the sani tary condi t ion of  the water.

Ground.water in the report  area i -s moderately to highly
mineral ized. The content of  d issovled sol ids ranges from 293 ppm
(parts per mi1l i -on) to 41440 ppm i-n ground wat,er and 51930 ppm in
water f rom Alkal i  Laker af l  apt ly-named lake in the northwest part
of  the area. The highest concentrat ions of  d issolved sol ids in
ground water are i -n t ,he samples col lected from we11s tapping the
combined Missou.r i  and Mi lk River al luviums. The lowest concentra-
t ions were found in the samples col lected from wel1s in the Flax-
vi1le format ion.  Water f rom outwash gravel  is  s imi lar  to that  f rom
the Flaxvi l le,  Water f rom two wel1s in the Judi th River format ion
had dissolved sol ids of  1r560 and 21760 ppm. Water f rorn two wel1s
in the Hel l  Creek format ion is moderately mineral ized having 891
and 975 ppm of dissolved sol ids.
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Table 2.--Chemical  analyses of  ground and surface waters in northeastern Blaine County,  Montana

(Analyses in parts per mi l l ion,  except as indicated)
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The wat,er sampled in the repor l ,  area was generatr ly of  fhe
sodium sul fate bicarbonate type. The predomir lance of  sodium irr ,
the water is probably due to direct  solut ion of  sodinm sal ts in
the rocks and, in part ,  to cat ion-exchange t 'eact j -ons,  wheretry ca1-.
c ium and magnesium' in the water are exchanged for"  sodiurn f rom th.e
rocks.  In general ,  water f rom the Judi t ,h River,  I {e11 Creek, and
Flaxvi-1le format ions is highest in bicarbonate content and that
from al luvium is highest in sul fate content.

Ground water f rom the Flaxvi l le is wel l  sui ted for  i r r igat ion.
Ground water f rom al l  other format ions is poor ly sui ted for  i r r i -
gat ion because of  i ts  h igh mineral izaL:.on; sodium is the predomi-
nant cat ion,  and boron is present in excess of  opt imum amounts in
many samples.

The U. S. Publ ic Heal th Service has establ ished standards of
qr-ral i ty for  dr inking water used on j -nterstate carr iers.  Wat,er for
domest ic suppl ies i -n the area commonly i -s obtained f  rom the Fl  ax-
vi1le,  Ftrel1 Creek, and Judi th River format ions.  Of the waters
sampled, only that  f rom the Flaxvi l le meets Fubl ic Heal t ,h Serr . ice
standards.  Al though sorne of  the water used for domest ic purposes
is more mineral i -zed than Publ ic Heal th Service standards rec<lmmend
for dr i -nking water,  residents in the area have become accustomed
to the water and have suffered no apparent harm. Water f rom the
Judi th River format ion,  however,  contains f luor ide in high enough
concentrat ions to calrse mott l ing of  the teeth of  chi ldren. The
presence of  re lat ively high concentrat ions of  n i t rate in water f rom
we11s 35-25-27dd and 36-23-25ad suggests possible pol lut ion.

Water to be used by stock is subject  to l imi tat ions of  qual i ty
of  the same type as those relat ing to qual i ty of  dr inking water for
human consumption. However,  most animals are able to use water of
much higher mineral izat ion than would be considered sat isfactory
for humans. In generalr  dr  arbi t rary l imi t  of  51000 ppm of dis-
solved sol ids has been set for  water to be used for l ivestock.  A11
samples col lected, except that  f rom Alkal i  Lake, have concentrat ions
lower than this.  However,  because of  the predominance of  sodium,
magnesium, and sul fate,  water f rom the al luvium is considered a
rather poor water for  l ivestock.
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