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SEASONAL VARIATIONS IN THE COMPOSITION
OF THE RED RIVER.

BY G. WARD, B.Sc.

THE, GEGGR&PHXC LOCATION OF THE REE RIVER SYSTEM,
g
Tha R@m River fﬁrm@rly known as the Red River of the ﬁarth,

l% farm@d bj the union ef two hramch&s, the Qtt@?t&ll River which

| fi@%& ﬁram a smell lake in Mxmn@aat@, &md the Bols deg Sioux River,

the outlet of L&Ke Traverse, on the boundary line between Minrnesots
and North Daskota, The two streams unite at Breckenridge, Minn,, and
from that point the Red Rlze§ flows northward and enters Lake Winnipeg
The various tributaries as @ne &e&cem@g the river have, for the
moat p&r%, & drainage basin of from 40 to 75 miles in l@ngthgsxceptimg
the Red Lake, the Sheyenne, the Pembina, end the Assiniboine. The
ﬁr&iﬁag@ basgins of th@a@‘faux rivar& are of considerable ex%@nt and
the character of the Watéw caxriad exerts o decided influence upon
the Red River. In summer droughts, several of these tributaries
excepting the four mentioned, are dr?aﬁ up along the greater part of
their course. ®"The gtage of rivers ﬁ)wheth@r in partial flood or ot
the level of %éasams of drought decides to a large extent wh@%haf the
digsolved ingredients are little or much, The amount of fine pand or
clayey mud borne along mechanically suspended in the water of the
rivers is vastly incremed by their rise and stronger currents in time

of ﬁlaéd, but dissolved matter is mueh less at

Clarke,F.We, Prof. Paper, U.§. Geol. Surv,., No.135, 1924

« Upham, Warren The Glacial Lake Agessiz, U.8. Geol, Burv., 1895,

?Q& Uﬁsm G‘@Qla 8'&1“9’@,} 1895.,
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flood time? Such i&,ﬁa be exyé@%@@ and must be borne in mind when
congidering the influence of the vériaﬁs tributaries,
In connexion with this W@rkkth@ geology of the Red River Valley

ghould first be desgcribed, k

"The lowest portions of this Valley{é}csﬁsi%t of gtony clay
with much gravel al the base and boulders and stones scattered thru-
outs The %tsneg are from vearious formations, but abm#t’7§% geems
to belong to the Winnipeg limestone; the rest are grenitie. This
vast clayey deposit of unmodified drift rises to the surface avound
the margin of the valley and spreads out in extensive flats on both
gides of the river, It is essentially and typically a giaciex deposit,
its verious aspects being due to the agency of water, present at the
time of deposition, and either running with congidersble current so
es to wash out the clay and mske gitratified gravels and sands within
the mass; or 1ln the form of staending water, by which the clayey paris
were retained end the whole spread out with a smooth upper a&rfac@,
without much modification of stiructure,®

In brief, the drift a@mtaina‘mﬁch carbonate and sulphate of
caleium and magnesium derived from Cretaceous str&ﬁa, which covered
tki& ares and was ploughed up by the ice-gheet, mixed with much drift
from the region of gr&ﬂiia$ gneiss and crystalline schist on the
northeast and deposited as till, |

"After this drift clay was deposited there was for a long
period of time, a large body of fresh water, {(Loke Agassiz), standing

over the whole valley, which had an outlet toward the south by way of

{4) Winchell, N,H., The Water Supply of the Red River Valley.

Annugl Repert, University of Mimnesota, for the year 1878,
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the Minnesota Valley and the Misgissippi River. The fine deposits
whiteh it spread widely during the time of its higher stages were
withdrswn by the receding beach-line during times of its shrinkage
and partial discharge n&rthWarﬁg' |

Eﬁ was the water of this l&ka; during the period of agitation
and instability that produced the next noteworthy member of the
drift deposits in the Red River Valley. This ig a layer of sand

and gravel sometimes gontaining ffesh water shells in sbundance,

which ﬁ%&?ly @vergwhere underlies the 1aeustrine clay and af¢@rﬂ@
water., Tais 1is samﬁtlm%s several feet thick, Xt lies alr@aﬁly on
the upper surface of tre boulder clay, but it does not extend

gerierally over that surface where the lacustrine clay is wanting.
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(7) Uphom,Warren, Glacisl Lake Agassiz, U.S¥Geol., Surv,1895
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The lacustrine clay is horizontally stratified and contains
no stones (at least none have been seen}), nor gravel., It is fine ‘
and cloge, of yellowish color and at considersble depths is bluish,
It containg less %glkali® than‘the‘drift clay. Its special locsation
ig along the river covering a b@lt on éither side and wid@nimg‘@aét
and west up ﬁh@ tributary v&lley%ﬁa

Plelstocene clays in Minnesotsa anﬁ‘ﬁarth ﬁ&kqta overlie th?
?aﬁ&agéic limestone to an eXt@ﬁt of from 125 feet ﬁo:saﬁ faét{$§
W ereas in Manitobs iﬂﬁtk@ vicinity of Winnipeg the thickness is =
approximately 60 fé@t\m :, The drift clays ineresse in thickness
as one goes south and the lacustrine clays decfeas®,

From o study of the water derived from the various strats it is
learned that the drift olay affords s water that is strongly
alkaline,w@il@,tka lacustrine @l&y produces a water that is slightly

alkaline or non-alkaline,

_IME CLIMATE OF THL RED RIVER VALLEY,

The climate of the basin ia~£hat,af the northern half of the
temperate zmone, with cold winters and walm summers; and th&~&lt&rw
nation of freezing and thawing helps to disintegrate the roek and
s0il rendering them more ea&ilyﬁﬁecam@&se@ by percolating waters,
The snowfzll ever the area is medium, that is , an average of two
feet over the entire valley, and the freShété‘éﬁe to the spring
thaws carry away much of the watler aa.mﬁxe‘aurfaae run-off, Which

hag teken up a little saline matter,

(5) Upham, Warren, The Glacisl Loke Agassiz, UsS. Geol. Surv,,1895,
(60 Wellace,R.C., The Geological Formations of Manitoba, The

Natural Hid ory Soclety of Manitoba,
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THE GOLIEGTION OF SAMPLES,

o0

)

One winchester was sent to each of the various points of
collection,with a request that they be filled at the end of each
month, The following poinits complied with this request.

(1) Wahpeton,NeDe, collected through the courtesy of LeH.Dominick,
Superintendent of Schools, | |

(2)Grand Forks,NeDe, Professors A«G.Leonard and E.F.Chandler
espisted at this point,

(3) Red Leke River at Grand Forks,N.D., also collected through the
‘céartegy*@f Professors A.Geleonard and B.F.Chandler,

(4) Pembina River st Pembine,NeDe, C.DeCurtis, Superintendent of
Bchools, collected and forwarded the sampless

(5) Emerson,Men,, obtained through #hﬁ-kiﬁdneaa of GeWhite Super-
intendent of 8chools, |

(6)River Park, Man., collected by G.Worde

(7) Kildonen Park, " s o

(8)Mouth of the Assiniboine River,Winnipeg, collected by G.Ward,

(9) La Selle River, St.Norbert,Man,, - .  ® " w o

(10) Selkirk,Man,, ’ Colleoct through the courtesy

{(11) Mouth of the Red River,Man,, of Mr.J.W.S8impson, of the

(lz)xﬁaur Miles out in Lake Winnipeg,Man., Northern Fish Co.,

(13) Black Igland, Lake Winnipeg,Man., | Selkirk, Man,,

(14) Assiniboine River al Portage la Praivie,Man., Samples from

hﬁfﬁ‘W@r@ gcollected and forwaxﬁed by HeMsDunham, of the Board of Tr

Trade, Poriage la Prairie.

(15) Roseau River at Dominion CGity, Man., Mr. W@aééié@, Principal

ﬁﬂth@ High 8chool snd Mr. Lawson of the Bank of Montresl gave

their services here,
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ﬁhléa% otherwise stated lhe samples obilalned were of the Red
River, MWJ

The Wehpeton sample r&pr@aﬁntﬁnthe Junetion of the Ottertail
and the Bold des 8Silcux riV@rs. &ﬁ Grand Porks the sample was taken,
of the Red River, well sbove the confluence of the Red Leke Hiver,
and most sewage, Professor Chandler of the University of North
Dakota writes, "The points of collection were approximaetely the same
os used by Professor Leonsrd. Namely, The Red River, at the
Minnesota &venue bridge, asbout 200 yards sbove the confluence of
the Red Lake ®iver, 4 sewer, the Hlm Avenue sewer, enters the
stresam én the left hend side, about one~tenth mile farther upstreamnm;
But this is not = large sewer, and I took the sample from the
gastern portion of the chahnel, flow baing,&@&riy straight here, so
that I think none of the gewer outflow could have reached the point
of collection., The Eighth Avenue sewer, which ae&ves a population
of 2000, enters sbout three-guatters of o mile farther up; there was
no convenient method of getting a good sample above that point, bdbut
in the three-fourths mile it will be well distributed, so that the
sample is presumably normal®,

The Red Lake River sample was obtained sbout 200 yards above
ity mouth, as was the case with all the tributaries. The sample
of the Red River, at River Park, Winnipeg, was taken sbove all
gsewage; whereas the sample atl Kildonan Park was teken below all
sewage outlets of the City of Winnipeg., The samples of Assiniboine
water from Portage la Prairie were uncomtaminated by sewage, but
the ssmples from near the mouth contain considersble sewsge from

Winnipeg.
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CORRECINESS OF ANALYSIS.

ALl the anslysés &bﬁ?@ mentioned have %éan subjected to
8
H,B8tablers, "reaction coefficients®,and the basic radicles balanced
satisfactorily against the acid radicles, thus signifying amccuracy

of analyeis,

THE MONTHLY VARIATION IN COMPOSITION,

In the month of June, éaéium g¢hloride and sodium sulphate,for
the river as a whole, sccumulate rapidly as far sg Imerson. This
is the result of the confluence of such streams zms the Forest, the
Park and the Pembine, in particular. Calcium carbonste ahmw& a
br@dual increase and the carbonate radicle appesrs to have come in
with eastern waters, such as the Red Lsake Hiver. Then due Lo the
influx of water bearing less saline matier o rapid decrease iz -
apparent from Emerson to the eity, The influence of the Assiniboine
River and the pollution by sewage is evident in the sample from
Kildonen Park., The slight increase to Selkirk may be due to the
close proximity of sewage to the point of a&mple teking, The die-
persal of the river in the lake can resdily be observed from a study
of the grephs.

For the mid-gummer months,of July and August, the various
ingredientsiin the river, onee again show & general incresse to
Emerson, with the sodium and chlorvine peaking at this point. The
behaviour between Emerson snd Winnipeg (River Park), is the result
of the Roseau, the Rat and the Ls Salle rivers. The dig icharge in
cubic Teet per second of these three rivers (see table of anslysés)
hos decreased, but = somewhat rapid inﬁréas@ in total solids,

particulerly in the La Balle tends to offset the lose of water,

8, Dole,R.B., Water Bupply Peaper 236, U.S, CGeol. Survey.
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The varistions in the remainder of the curves sre but relative, The
sample taken at the mouth shows undoubted lake contemination.

The fall months of Sépt@mbex and Oclober, produce sn expected
regularity; the effect of the spring floods has passed; the summer
months have done their Warkvané gones, Appaxéntly September is the
month when greatest regularity iﬁkhdev Thé @@&k%yat Grand Forks,
for October are explainsble from a consideration of the analyses of
the 3@& Liake Biver an%thé Eeﬁbiﬂa, for the twe rivers although entep=-
ing below ﬁranﬂ Forks gre typical éf the aaé% and west tributaries.
The r&s&mblan¢e between the so@ium and the chlorine a&rves for the
period studied leads to the conclusion thet sodium chloride is enter-
ing above Emerson, In fact it was feared that the %&Mples had been
taken before the two rivers had properly mixed snd that the pesks at
Bmerson were caused by too nmuch E@mbiéa River ﬁa%er@ this in the .
Light of recent inguiries does not seem feasible, The behsaviour of
the curves between Emerson and River Eark$ for these two months dg
the result of tﬁ@'advanaad geasonal changes in the tribut&fias be-
tween these points. It is somewhat difficult to separate the
resulis of the confluence of the Assiniboine River, vhose salinity
has gréatly increased, from the effects produced by.hum&n contamine-
ation. MHowever the combined influence is seen when the curves from
River Park to Kildonan Park have been considered,

The composition of the river between Winnipeg and Selkirk, for
September is similar to its composition for July. That is all the
ingredienis decrease butl ealcium and sulphate, and these show &
glight incresse. In August the sodium snd the sulphate increased to
& slight extent snd the balance has swung in fevor of an increase in

caloium for September. Apparvently the low rainfall for September and



and Optober 1s the cause of o decresse in underground seepe

glue the viver level les %@@ys%ﬁ belov the formations 1% hes been

 dn the eprlisy §&w§ of the year. UThe reguloxity of dee
aresse in all constituenis, between these pointe in Januery,silds
%ﬁ dher theoxy but seems %o Levor ithe wnderground eeepage more thon
the lesehing hypethesis.

1% wap not found ﬁﬁméﬁwgw to oblain wintey ssmples for sll

monthe, w0 the declelion wen syrrived ot, that

danuary

to be token as dn s mespure rerv

L

regantetive of the peried

vhidoh the river ip coversd by ilce,

For Jenvery, all the elements inoresse to Orend Forks,WN.8.,
and the carboneie ourve sxbibits » ditinet pesk, If the riverp
from the esest poosesy os mich corbovate s the Red leke Rdver whieh

gnters =v Orand Forks, then o

this point in

apporents The ohlorine iney the oarbonsie

rodiele dn the Hmersen sowple; sud the sodium showe » piee thet le

in keeping with that of the ohlorine. The

alewents must be relative o thin inove in sodiuw okloride, &

noticeable festure of thiw 4 m*ﬁ%$ i the repld plie ol Lhe sudpha
suiPe. Qan 34 be possible thet pinee the soudium curve i&@rwau@gQ
et aodivm &uﬁaﬁ&%& iw belng fed to the river by saline springs
between Bmerson and Wimnipeg? If such ip &&@ opue the added cone
stituents must be megnesium sulphate and sodium sulphate as only
thewe two beses show an ivevesse, The bebawiour of the other curves
is dependent upon the smeonts of podium, negnesinm and sulphsie
present. Vassing the olty nothing need be said as st this point the
senfivencs of the Assinibeins i%ﬁgﬁ&y paline) and the enirence of
sewage arve self-evident. The general tendency of ire curven to

remain borigontel is es would be expeoted. The
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emount of sodium sulphate present indicates a reduction of this
salt after @&&sing Wﬁamip@gw This can possibly be put down to the
iﬁ&f@&&@ in carbaﬂata radicle. Referring back to the horizontal
charscter of %ﬁ@ éurves between Winnipeg and Selkirk, it is obvious
that the freezing of the ground prevents any addition to the river
between these poinits and puts an end to leaching. MALL the curves
fall away to glve the apprarent campﬂﬁitiam'cf Leke Winnipeg at
Black Island, .&slin@icat@é in the asnelyses and on the graphs the
samples at the momﬁh‘gf %h@‘R@ﬁ River and four miles out in the Iake
could not be ebtained.
SUMMTARY -
Qa&aium;g)ﬁax the period of time involved the caslcium ghows a congte
ant increase to Grand Forks, N.D., This is followed by a slight
incx@as& to Bumerson and sn increase to River Park, on the oulskirte
of Winnipeg; in foct so small is the varistion between Grand ?arka
and Winnipeg that the curves could almost be gald to be constant,
The behaviour upon passing the ciﬁy to Kildoﬂan,ﬁark,5iﬁ a result
of the dncoming Assiniboine River and the city a@wagé;‘.ﬁt Selkirk
the c@laium\amrvaé ghow by their increase for the early summer
months evidence of leaching due to high water or else a strong
influx of underground water between Winnipeg and thisg point, The
decrease in the late summer months and the fall and winter; favérs
either of these assumptions. It appears that the amount of this
element in the viver increases gradually from spring to winter, at
each point, Magnesiumi This graph indicates for the consbtituent
under aanai&ermtigm,‘ﬁx@l&natiaﬂs %hat are similar to those given
for calcium, Thé iné:a&s& and decreage of the two elements mppears
to be subject to the same primary influence. That is although the
magnesium is ‘

9, Bee comparison graphs.
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much less in smount, than the calcium, iis curves are practicslly

the exact counterpart of those of the calcium,.

Sodiums For the périad from late spring to late fall the curves ag
far as Bmerson behave in & aimilay manner. It is iﬁterpretﬁd from
these graphs thet the smount of sodium in the river rises as the
water approaches Emerson, with the greatest concentrstion in Septe
ambar#r early fall and the lowest aeneeﬁﬁratién in October or late
fell, An even lower concentration aqﬁmersam, is shown in the winter
months as depleted by the January lineﬁ The flattening out of the
January curve above Grand Forks ie due to the freezing of certain
small fresh water streams thatl drein swamps existing in the upper
reaches of ih@ valley, The percentage of ssaline material in the
LaBalle increases very rapldly ss the summer wanes and as o result
it is found that the late fall and winter curves Tlatten out, on
their a@gﬁﬂa&h to Winnipeg, to give &'gfadual incresse in sodium,

at River Park, as the year progresses. No comment is necessary in
f@gax& to the curves as they pass the city., Al Selkirk the decrease
in July or the increase in ithe month of June is unexplainsble from
the curves alone. At sll points, with the exception of CGrand Forks

for Jenuery, a progressive increase in sodium is worthy of note.

Carbonates: The river behaves as o carbonate river as far as
Tmerson, with the~exeeptiam of the October snd Janvery months, when
there 1s a tendency for tﬁe walter to become high in sulphstes, The
drop in thege two months is yrobgﬁly'the result of the low dig~
cherge values for the esstern rivers., A fair reinfall in the wes-
tern part of the valley would increase the sulphate and chlorine

radicals thus producing a decreapse in carbonates. The spring
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floods are well pictured in the months of June snd July at River

Park:

Chlorides: Little need be written about this element in the Red
River, except to draw attention to the extreme regularity of its
behaviour. The pesks al Bmerson owe their origin uﬁdaubte@ly to
the Pembina River and its potent tributary, the Tongue River. Also,
at this point, the early summer months show & much lower concen-
tration of chlorine then do the late summer and winter months. The

behaviour of the remaining curves do not warrant further explanation.

Sulphatew: The general trend of the curves as far as Winnipeg is
mncﬁkthe same and can be best explained by premiging high spring
floods and low fall water, The January ssmple expresses well the
lack of leaching in the frozen ground, The stertling increase from
Imerson te Winnipeg, for January, can only be accounted for by the
Pembins River, But why did not thig increase show in the analysis

of the sample taken at Bmerson, below the confluence? Is it pogsible
thal an underground spring or ilaw&ge of water between these two
points 18 repponsible for thzw repid rise? The vemminder of the
curve is as one would expect for o winter month, where the ground

freezes to a depth of six feet,

Total 8Salinity: All the Toregoing can be summed up by a consid-
eration of the salinity of the river. For the months of June, July,
Augudt and September, the graphs show a progressive increase in
dissolved solid matter with a high point at Emerson for June and
ueptemb@rg Th@ June peak could be acaeun%ed Tow rather readily

by leaching, In tha previous summer months, considersble
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efflorescent material (Mg80, and NasS0,) would be carried to the surQ
face by asc@nding water, Here depoSitiﬁn would take place and ag a
result & white efflorescence sppears in places upon the valley. This
m&%e@iél would be greatest where the glacial drift is thickest, that
is, on the southern side of the Internationsl Boundary., ILate summer
and eccasical fall rains would remove but little, The méltiﬁg of
the winters snow, however, would convey this material to the various
drainage basins and thus to the Red River, §This material hes attract—
2t attention in Minnesota and an analygis(l&)ba@ been made by
Professor J.ADodge, He took an alkali efflorescence from g till
surface in Minresmota and showed it to ke a hydrous sulphate of mag-
nesium with $1ight'txac&$-ef sodium, potassium and calcium. The pro=
portion of 80z ta~%g9’wara as in epsomite, but it had legs water of
crystallization., Again, the river passes omer limestone ridges and
certainly mﬁs{ roll along its bed, boulders from the tiil, 5% of
which are limés%ame,(s@@ above), Brisg coupled with the undoubted

- greater velocity in the upper reaches would tend to glve at wome
point, in its earlyfcaurse, & peak in the salinity curve, Later
dilution by tribmtaries, where the speed of the river has laésamaﬁ§
because of & 3m&iler decresse in level, would decresse this aaliniéy'
Than‘, again, underground seepage, of which there is certainly a . =
large volume, when one considers the low,flat valley, must convey
water of a much higher salinity to the river below the Internatiosl
Boundary, where the drift sbounds, than is brought to the sfream\in
its lower reasches, Considering now deafease in veolume of Waterlwith»
the change in season, and the effect of such upon the above, a S&?i&&
of curves as determined for the variooms months is ebtaiﬁéé,

(10)Geol, and Nat., Hist.Survey of Minn,, 10th annual Report 1881,
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One would expect more or lesg, thatl one month would sghow & peak,

such as is indicated by September at Lmerson, (see salinity graph).

This would represent a time, or a month, when all the tributaries

of any length, were carrying thelr maximum los in stream,
Following such & curve & gradusl flattening Qut‘ey rather o ccnat&ntw
1y increasing s&liniﬁy should be expected, Thig is, in fact, well~
shown by the month of October. Here the tributaries have decressed
dn size and number and the amount of waler of low salinity added is

at a minimum, For the winter months one can account for the greater

salinity by the vemoval of water through freezing,

ST LAVRENCEH AND H;E D RIVELRE CONTRASIED,

”Mnah(il)ef the terfxtmry drained by the 8t. Lawrwﬁce River is
‘either forested or fertile and the soillis therefore rich in or-
ganic matter, Yhe decay of such substences generates sbundant
cerbonic acid, which tends to convert the dissolved inorgenic matter
into c&rbénaﬁes, mainly of lime and magnesis, and therefore the watex

Lo the system is to be classed as a carbonate water",

8t. Lewrence River Red River aﬁ
at Ogdensburg, N. ¥,  Winnipeg, Man,
Ca. 31,0 6244
Mg 7ol 29,9
Ye. Bed 55,8
K. | 6.7
$i00. | 6,6 19.6
(41,%¢) 0z, 0,05 6.8
o3, 118,9 144,1
cl. Tl 4043
504, 12,0

92,
{11) Clarke,F.W., Prof. Paper U.5.Geols Surv.,NO 135,194,



(18)

The total salinity of the St. Lawrencw River am@ﬁ&h& Red River
is repectively 134 and 458. The analysis of the 9t. Lawrence River
was obtained from F.W.Clarke's paper "The Composition of the River
and Lake Waters of the United States® &ﬁé represents the mean of 1l
analyses, The Red Biver snaslysis is %h@‘maan of 6 made by G,Ward,
The analgsaa are reported in the customary parts per million;

& eg§iﬁ@yatiam of the above two snalyses shows the wide diffe
erences in the composition of the two rivers. A review of the
g@al@gy‘af the Red ftiver Valley (see above), clearly indicates that
differences such as appear would result. |

The material carried in solution by the St. Lewrence River as

it pesses Ogdenshurg, N.Y., amounts to 34$§6¢?36°t0ns for an snnual

: e . (1z) e
digcharge of 248518 cubic feet p&@wﬁéeﬂﬁd( )w The Red fiver on the
[ o Loy

other hand,carrvies 2$??§5}}? tons-per-ennuvm, with a discharge pess-
ing Winnipeg of appféxim&ﬁely @4{§§ﬁ§cubic feet per second., The
added selubiliﬁy of the old glacial lske sediments over the material
in the 8%, Lawrence Valley is well shown by the erosive action of -

the respective rivers,

CORRELATION WITH F,W,CLARKES, "RIVERS AND LAKR WATERS OF THE UNITED gﬁ&ﬁgi

MThe general ch&racter(lﬁ)cf most of the larger tributaries can
be deseribed thus, The tributaries from the westerh eide flow for some
distence in their upper courses, with not very high fall, thru the
rolling prairies; those from the esstern side thru & wooded glacisl
moraine lake rvegion ér swamp reglion, which also hes smgll slope, On
approaching the outermost boundaries of the former glacial lake
Agsssizg, each ﬁ%wéam hag a section of eomp&rativsly rapid descent,
down channels thru the glecial drift, until it resches the smooth

(12) Clarke,F,W., Prof, Paper,U,8.0.8. No,135, 1914,
(13) Chandler,B.F., Guarterly Jour. Univ. of North Dakote.
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surface of the old lake bottom; in these sections water-powers
are avellable, on such of the tributeries as have greatl enough
continuongflow to warrant development®,

Congidering now,kthe general character of the Red %iV@r, it
can be seen that the tendency of the stresm in its early stages,
gap up to Grand Forks, is that of a cerbonale water., However the
effect of passage omer limestone in its upper reaches &r@‘outw
balanced by the influx of sulphate tributaries; tributsries which
have passed thru the western drift area, and which abounds in
gypsum, as can be seen by references to well-water an&ly%@a(l@)@

The increase of sulphates observed in the lower reaches of the
Red River are due to city cantaminatiom, added to the sulphate
carrvied in, by the lengthy éasinibcige River, from the west., 1In
gspite of this the river remains of carbonate charvacter thruout its
extent. |

One of the mein sdditions to the river at Emerson, Man,, is
ghown by ?he large increase in the chlorine and the sodium contenty
The country in the drainsge basin of this vicinity contains weny salt
éprimgs, Thege springs contain large quantities of sodium chloride,
SPRING WAIER ANALYEES.

River Lot 765, LaSalle River Rosenfeld, Man.

{parts per million)

Ca. 4885,0 1419.8
Me. 200000 516.Y
‘Na. 523,1 14598.8
K, 140,0 208,9
810, - 12.6

(AL,Fe) 0z TRACE TRACE
G0, 2120.0 46,6
Cl, 4441 2356%7,.8
B0y 58l T ${89008,8

10453,¢ 432770

(14) Upham, Warren, The

Glocisl Lake Agissiz,n

UeSe Geol, Surv. 1895,
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“Yhe well at Rosenfeld is typleal of the weter derived fvom
the strate beiween Morris, Man, and the Boundary, wheress that
of Lot £66 is pepresentative of the water obteined between Morris
and the LeBalle Rivers

he aren of drainsge iz one of sedimentstion that is, the
meterial traversed by the river syutem ls the detritel metter lald
@%@m~§§ Lake Jdgeusiz, hence %&@ bepes are Yo some exitent derived

‘from igneous vocks periticulerily feldspars. On ithe whole, however,

&
B
Buto
&
3
5

- the dmmedinte scurce of thés moteria » gypeum, limestone snd
verious salt formutions, sbounding in this sres. Undoubledly
&%mﬁi%@?&%lﬁ gil&es wos %&i&‘&@%m aver the reglon snd ihe Hed River
is wt present carrying §&§%&wa$&§ o faly shere of thls ingredient,
To » certain extent the salinity igsaf o waler ig determined by its

N
g@%&@g@&&&lﬁm@ﬁﬁggﬁﬁ%, thet is, 4t depends upon the wolubility of
the vooks from which its disselved solids were derived. In e siresnm
igsuing from an ares of crystalline rocke the selinity is gencrelly
low, ususlly less than 100 parte per million, and the seme is true
of waters flowing from avese of shole or sandstone. Aﬁiimﬁﬁﬁﬁﬁ%
weter, on the other hend, is much higher in g&iimitys §&rr§ing o
pueh as 200 poris per million snd often wors. The woters of urid

“yegions are highest in salinity, for they are loaded with desert

s i
anile,

e

4 conglderation of the snalyses of the Red River and ite
teibutaries will show that the sres Grained is of @ém@k@m geolopgionl
gheveoter.  That ie, the verious woters come in contaot with many
foymetions, Pelaneomolc &imﬁgﬁﬁﬁ@,kﬁﬁﬁﬁaﬁﬁﬁﬁ% shale, detrital matter
from en lgneous asves asnd glacial clays. The region drained by the

rivey places the system in the sedimentery clase:

of Glorke.
g g ; e = -
hoGlarke ,FoW., Prof. Peper, U.:

ie Geol. Burv., ¥o,136, 1924,



The fellowing swelyses show the corpuriaon of the Red River with

vivers thet are pleged in this oless by Uleszvke.

DhaERg Fon OO

R

S

illinols Hivew Red River ot Tows Hiver st
neny Ladelle, Ili. Blver Park Winnipeg. Xowa Clty,low

ﬁ‘gs o {ﬁ‘ ; ?}*@o i? @'ﬁ @ E:%
2640 8%, 26,0
Hkol = B0 ~ &30
- 3»{}’ a ? 0"
Gl ided wlie G
ﬁ@ :§h\ ‘i‘é?ﬁ“@%@iﬁ
ABD D B74,0
il & 44,0
{’3{% aﬁg . ' ;\3 ® %}
$90.8 GhE 0

The tributeries of the Hed River can be divided into eastern
.@y anrbonete waters snd into weslern ov &ﬁ&@@mﬁ@ waters. The Hed
Lmke, the Rosesu and the Rat are typlesl of the eestern group; the
Sheyenhe and the sssiniboine represent the western tributsries. The
ﬁﬁ@&ﬁé%@iﬁ@ io of conplderable interest, and shows Lhe %ﬁﬁ@@% of
mopndering thry the glaciel oloyw. The sywlysis of this wealer st
Portepe lo Proivie cleerdy indicates the lesching of gypeum. As
would be expectsd from the composition of the Red River snd it
wedbutarios the bulk of the water sddition §§ from the wepte

In brief,the Red River thyuout its @ﬁ%i§$ gourse repregsente o
carvonate rivey. It shows well the influence of the verious tribute
aries and illustrates to o merked degree, in ite lower resches, the
effett of the contimunlly incressed addition of sulpbaie welerg.
These sulphate waters tehd fo ¢hange %ﬁ@ sarbonate chereober of
the slream to thet of o sulpbete river. The chlorides o ¢ large
gxtont cowe from the western tributeries but they sleo show the

effounts of buwan gonteminetion, particularly so below Winnipeg.
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SEDIMENTATION:

In the month of June there was cerried to Lake Winnipeg 629.8
paéta per nillion of &ﬁﬁ@éndédﬁ&%ﬁﬁra By the time this water
reached Blackklglaﬁﬁ,sém% fifty‘milﬁﬁ‘uy the lake,its suspended
matter had diminished to 6.5 parts per million, The following table
gives the verkation in these figures. | | |

Red River ~ Black Island Deposited

&t Belkirk. Leke Vinnipeg.
June . 2254 6.3 219.1
July 102.4 Bad Vi 94,6
August PR e ; . 18,0 , ; 104.0
September iil.2 : 31,0 : 80,2
{}(3 t@‘%}%g N R lt?gn 6 1 533 g : Cl . 35%@ ‘2; :
January A7.5 : 507 o 15,8

In addition theve is a difference in soluble matter as can be

seen by a comparision of the total salinity at various points.

Red River Black Island Difference
st Sellirik, } bake Winnipeg,

-~ June 425,7 160.,6 265,11
July 415,0 . 1568,9 : 256,11
August 504.8 o 169.8 535,0
September 559,86 ' 166,4 393,%
October 546,82 160.8 S80,.4

Januaxy ﬁgﬁgé 246,0 294, 4
| When the above diff&rémeaﬁ are multiplied by the monthly dig-
charges of the Red River,the amourt afrmat@rigi remaining innthe
lower end of the lake is found to be enormous. .
dnalyses of the m&térial carried in suspension,deposited on
the river bottom énd ﬁ@@&@ited in the lake &rekint@rﬁﬁtimg;aﬁ the

table on the next page will show,



SEDINENT ANALYSES,

River Suspended
Matter at River Park.

ﬁi Qg @ 5 4} xJ{«:&
(AL, 7e) .03 19.48
G&Q ?@l&
e 8,66
Nap0 5400
Ko0 1.9
Ignition Loss 113,97

59,68

817 OF PARTICLE,

¥ine Clay 16.12%
Coarse Gl@g 26,83
8ilt 42,12
Fine Sand 8,39
Coarse Sand 6,080

‘ 89, 51

(20)

River Bottom

at Rivex Porik.

49,499
118,10
6,47
8.66
5,*"‘&1‘
1,81
12,80
799,99

1R.36%
RE,T6
5% .82
4,93
1,86
99,78

Loke Bottom
4 MWMiles from Mouth.

41 .,68%
21,86
7.69
10.79
93‘2?‘{';'

2,03

11,69
99,98

37.06%
19 .87
36,00
4,01
281
99,85

The size of p%r%&al& was determined by &cxe%ﬁlﬂ&,e&ntflfu$1ng

(15)

snd elutriating .

:?hﬁ sample of river suspended matier was oblained during the

monthe of June and July by allowing bi-weekly samples tc settle,

until clear.
of the riv&r botlom was also

about three~guarters way

The water was

acrong

obtained sbove all sewsge, and the 5&m@lé

taken asbove the sewer outlets and

the river toward the fill side. The

A . | (o , - @pﬂd«wv .
sample from Leke Winniveg is probably,the edge of the Red River

delta,or may even be farther sut than the Limits of the delta proper.

eloses an interegting fact,

of sedimentation bands or"varves® .

A reference back to the first table under sedimentation,dis-

{16)

the "open" geason,i.e.sbsence of ice on the

system,

in the light of the recent investigations

It can be seen that thruout

thet the

suspended matter is carried to the leke and settles rather rapidly

or else is cleared by gquicker flowape during this season.

But for

the month of Januvary, there ig more suspended matter in the lake

Hblm@s Arthiur, Petr
( é An ﬁv39@¢, Memior l%gg

%Eggggxggtgggfaglca?aé

l@ﬂﬁn
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then there is in the other months, relative to the amount carried
down by the river,thst is to say,that the value in the right hand
column of the table is negaitive., 1s this material of finer arade
then the summer sediment,settling slowly snd thus conforming with
the winter band of Antevs “varves,or is it Jjust due to the
éiff&r&mee in sample taking? This increasse may be dbe to the presence
gﬁ ice. The average depth of the lower end of the lake is 15 feet
and the formation of two feet of ice would remove sufficient weter
to meke the increase in suspended metter relsgive., Then again,
weter has its grestest dengity at 490, and the temperature of the
shallow lake would be closer to this figure in the winter tham in
the warm "open® season. Add to this the increassed specifim gravity
caused by the increasse in dissolved solids and a veason for the

greater suspension in winter can perhaps be made clear,

CHEMICAL DENUDATION
‘ Meen Flow of Red Total Bolids Totel Buspended

River Below Winnipeg. Below Winnipeg. Matter Below Wpg.
June 18090sec-1t, : 3374 PEM, 170.8PPN,
July 8462 43589 170.4
August 1920 509 .8 | 72,4
September 1534 , - 530.0 49,8
October , 1@&3%%3 586.7 | 29,8
January o B3b} 618,0 3149

(1) Estimated for the past ten years ss the 1928 figures
were not availeble, A1l discharge values were obltained from the
Dominion Water Pewaribxamch st Winnipeg, |
Ey‘mﬁaﬁs of the sbove table the amount of susgend&d matter plus
mat%xiai in solution, being carried to the lake by the river can

be caloulated,The flow of the water will decrease from October to



FC
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April end the Nevember flow can be considered as sbout two=iiirds
of the October, The mamthﬁ‘@f,@@@amﬁér,ﬁabmawy and March may be
conglidered as similar in flow and meterial in solution and gugy@m@a
&iam:gg Janvary. Mareh Wi&l,was@mbl@ ﬁ@?@mb@@ and May is approzw-
imately double the October flow. These propesed figures are well
in agreement with the ﬁuﬂsff for the past ten or twelve years (17)3
Hence it is found that the m&t@ri&l carri@&‘méﬁthly to the lake is

ag follows,

: Honth @

Insoluble Materisl. Total.

Soluble Material,

June 896,844,000 498,470,000 1,495,414,000
July "%ﬁ,?ﬁv 720 210,118,000 805,899,720
Mugust 165,955, 380 20,134,000 184,067,380
Sepltember 1@1,?Q§‘$QQ 15 i08 000 144, 81% 000
October 165,387,250 8 533 700 1?3 935, 50
Hovember 110,260,000 5,699,000 115,959,000
December 42,990,000 2,&9@ 000 45,1@@,&@@
January 42, 99@ 000 2,200,000 45,190,000
Febuazy 40, @9@ 000 &,@Q& 000 4? Q%é 000
Maxrch &339§Q 000 2,200,000 Q& l@ﬁ 000
April 110,860,000 5,699,000 lia 959,000
Moy - 338 ?86 000 6,6@9,08& 5”?,3%0,@@@
Total : 8,774,117, 550108, ??6 964, ?G&lb$‘w,ﬁox 082,0501bs

S ’ (},& )

It hes been estimated that L0V pounds of load represents

ong cubic foot of rock and soil. Therefore there has been eroded
from the Valley of the Red River 33,187,683 cubic feet of materisl

in one yesr, The unit@§~é§aimaga area of the Vali@y is represented
(19
by 116,000 sqguare miles and this would be lowered one inch in

812 years or one foot in 9,744 years. It has been calculated hy

geologists that 8,000 years have passed since the recession of the

gloclers have @armiﬁted the streams to reoccupy their blockaded

) > t)
( @Oﬁmatw¢m AA)

{18) Water Supply Paper Véaplbé U«ﬁa@@@xc Surv,

e ﬁv /f«g,@wu 7 f\;v M«,{é LA v

(19) Baker,F«W.7 A Study.... Natural Waters, M.Sc. Thesis 1925,
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autl@té on the north, In this time approximately 0,82 of a fool

has veen eroded from the entire leke bottom by the Red River syst@m@
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Yiseherge Date - Dominion Water Power Branch, Winni
% Ualculated from Discherge Bols for Past Ten Years.

pegs

| 45
Red ndver at Wahpeton, N.D. 5 . %ﬁ
( parts per million ) g ag
~ | : R g | BN fafl e e
Date 510 505 Ca Mg Na K 0, 50, Gl 58 %g 38
g§§§‘z&;@ 0.8 48,4 (5040 16,6 7.5 137,85 39.4 9.5 29048 5L.0 =
July 12.9 141 42,4 28,8 1B.4 5.1 183.0 57.6 9ed 275.6 35,4 =
Mg Semple not ?@ﬁurm@ﬁ
‘%ﬁﬁﬁgﬁ&gﬁ Oed 47,9 24,6 13,1 5.9 128.2 32.9 4,8 271.3 11,6 =
Octe 15,4 1.9 5244 33,5 19,1 1,2 147.1 6048 3.9 327,68 17,3 =
Tame 14e4 2044 54,9 35,5 30,5 5.7 158,82 24.l 9.5 545.6 11.82 -
(me) ~
Red Rivey &%}§K&ﬁ§,§$3k$a Wolle
June 14,4 28,0 B2.6 8.9 46,3 B0 147.8 87.0 23,8 419.4 582,2 3080
July 19,4 0.4 66,1 £9.6 56,2 2,2 158.2 122.4 21.4 450,1 211,86 1590
Age 17,4 2.1 60,9 Bl.4 57,9 2,8 161.7 120,53 £0.6 478.0 100,7 255
Beptelle® 062 62,8 24.8 55,1 4,0 142.4 121,1 22,4 445.2 35.4 187
Octs 10,6 0,2 69,9 35,8 52.4 4.7 160.5 124.6 23,8 489,53 60.8 214
§$§5 22,8 19,0 80,0 8846 36,0 6.9 214.7 56.6 21,0 487.0 19,2 =
Red River at fmerson, Won.
June 15,4 08 5343 26,5 8Y.8 9,5 15147 96,1 47.6 ‘égéﬁﬁy@ﬁlw@ 10500
July 20s1 0.9 5449 24,5 87.6 2.9 147.1 100.5 44,9 479,35 426.5 3400
Auge 22,8 0o 60L7 25,7 88,4 4.2 158,2 108,8 48,5 520,0 554.4 619
ﬁ@gﬁ.ﬁx,ﬁ, 206 63,6 31,2 105.6 19.2 146,9 118,8 96.0 584,0 132.4 559
Octe 158 2.8 66,9 28,8 76,1 16,0 135.6 112,9 102,2 550,8 161.2 650
Jane 9.0 9.8 74,0 318 72,8 7.1 18048 B9e4 91,4 549,2 27,8 sook
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Red Rivér at River Park, Man. % %ﬁj
( Parts per million ) L8 '§§ ;’;fg‘
June 18,4 2,6 47.9 30,5 12,2 0.5 110.4 ggév 19,0 297.6 990,2 =
July 22,0 3.6 54.5 25,3 40.1 8.9 115.6 52,9 23,7 328.8 142.6 =
Mige 23,6 2,2 68.3 30,6 60,8 4.5 156.9 96,0 49.9 458,8 99,4 -
Septe 2048 5.8 65,2 2644 65,5 11,9 149,53 99,3 61,2 487.0 26,2 =
Oct, 11,1 6,1 76,7 27,9 80.l 10,7 165.3 151.2 64.6 570,0 35.9 =
Tens 1.6 22,8 62,0 35.8 76.2 4.8 166.9 130,1 33,2 561.0 12,6 -
Red River at Kildonsm Park, Men.
{ﬁ%ﬁ; 19.8 1.2 44,7 25,1 57,8 5,0 125,0 65,2 28,5 337.4 170.8 -
July 21,28 442 5944 26,1 58,3 7,9 132,7 69,6 6042 438, 170,4 =
Quge 942 042 72,9 52,5 58,5 10,2 146,9 108,2 7143 50948 vsﬁéjé
Bepte 19,6 2.2 agga‘ 3546 6743 446 146.9 12040 69,2 530,0 49,8 -
Octs 2042 5.4 74,6 36.7 78.9 7.2 160,1 128.6 80,3 586.7 29,8 -
Tan, 15,0 19,4 8l.1 43.8 81,9 5,5 172,35 153,5 66,6 618.0 31,9 -
(416
Red River at Selkirk, Man,.
June 14,8 144 65,1 38,7 46,5 6.5 155.6 97.6 32.8 425.7 225.4 ~
July 23.0 9.2 65,0 22,7 41,0 7,8 119.1 85.8 58,5 415.0 102,4 -
Auk. 28,8 0.6 69,1 29,4 60.6 6.1 126.9 121,6 52.3 504.8 1954 -
Sepls 36,0 1840 7042 29,56 65.6 4.5 139,6 125.8 62,0 559,6 111,2 -
Octs 1646 trace 67,5 51,6 ?5§1 7,8 135.6 135.2 85,6 54638 1§2¢@ o
Jatta 1206 1646 8040 4043 71.2 8.2 182.4 144,0 58,0 640.4 17.5 -

Qq 1)
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. il D 4t
Red River at its Mouth, Men, i gt
Parts per million ) il Bh a8
' | g7 gg 9o
Date Sig}gﬁggg Ca g ;x;& LK G0z 80, C1 28 5;;‘ g 58
i&n§ 740 6,8 47,5 27,0 63,8 97,0 113,0 109,9 38,0 409,9 629,48 =
N | ‘ : ; ,
July 43@5 7»)4 3?&@ 55@5 Eﬁgal 8&;% llgwg 115@3{‘3 2338 é‘%?!&g ‘7&3*8 ko d
Aug. 18.8 1,2 48.8 23.5 26,5 4,2 95,6 109,5 R3+8 543,28 64,0 -
S@@tg @gg OQQ \55&6 3038 2’?.}6 6@2 3.(}1%7 10235 gfiqg 3&’7@6 37»;0 e
Qctg 10,0 trace 56,9 34,7 44,5 6,7 124.3 070 69,9 437.0 12,4 =
Jang Sample not obtained,
(lat-t)
Loke Winnipeg,Man, Four miles out from Red River.
Jgns 1644 12,0 27,5 15,8 54,4 2.9 50,4 47,0 14,5 224,0 296,0 -
July 27,8 8,2 3644 14,4 13,0 2.8  43.9 49,4 29,0 2E83,8 81,8 =
Muge 5.4 1,4 25,4 16,6 18,3 3,6 9.1 34,7 20,9 189,6 117,2 -
Septe 9o4 0,2 26,1 10,8 11,6 3.8 56,5 21.2 14,5 156,4 36,4 =
ﬁct§ 840 0.8 26,8 14,3 17.7 4.2 6340 45,8 19,0 £200.2 26,2 =
Jan, Sample not obtained,
@u)
Lake Winnipeg at Black Igland,
iﬁm% 16,3 11,3 15,1 13%@ 1i,6 1,2 4843 3648 763 16046 = 6.3 =
iy ; ¢ Bos. : : ) . g ; ;
&1&.&3« lﬁa{) 3@@8 2005 15ﬁ§5 1?@;2 %,0 ‘@:532 31&3 ll@g 169338 18&(3’ bl
Septe 1.8 042 31,6 11,3 9.5 5,4 67,8 18,8 1646 166,4 31,0 =
Jene 29,8 17,2 32.6 18,3 64 1,1 90,4 16,4 ‘29*7 246,0 30,7 =



Nelson Rivé

~

./0 .

Date 8105 B0z  Ga Iz Mg

s0, €1

r ( Outlet of Lake Winnipeg )
( Parts per million )

Total
sclids

 5§$%éﬁ@8&

met

ygf
: =
Soc.2%t,

Vischar

in

Hﬁd:Lﬁke,aivﬁr;&t Grand Forks,

6,8 0.2 31,6 4,6 15,5 2.4 36,5 49,4

TRIBUTARIES TO THE RED RIVER,

NeDe

1443 1601

4,

o

3

une 16,0
fady .o
July 12,4
Augs 10.5
Bepts 6.8
Oct, 12.2

J SYle 1l né&

41,6
146

T8

‘Qggg
, 3.%353
16,8

'Eambiﬁ&

11,2

15,8
15,1

B4

8ol
Bed

River at‘@emhiﬂaf W.Ds

4.4 87.8
546 13142
| 2,3 145,97
1.8 101,7
Za4 14649
1,9 146,9

44,7 9.8 270,8
49.4 16,6 319,2
Ble3 15,2 355,0
51.8 4,8 251.4
67.6 4.8 528,2
5644 9.5  301.0

95,0
3944
2640

21.0 |
21,6

632.4 2690

580
180

300

.

13.6 61.8

Jale 372 27.2 106.2 57.3 122,

Semple not returned

Sample ﬁat;r@%ur@e& 

2567 61,9 1.8 138,2 112,9 44,3 484,0

Beptulds8 0,4 65,8 30,5 62,8 7.0 135,6 129,53 49,0 495.0

B 3846 300,35 211,09 42,8 047,6

496,0

1492,0
946 044 7424 20,2 47.8 5.6 128.2 138.2 53,2 486.5 495.8

Dded

253
112

19
64

L
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Rosesy River at Dominion City, len. = mﬁié
Parts per million ) o w
e By i
Date 5105 RgOz ©Ca Mg Na K G0, 80,  O1 2% g% ¥
f 5 595 &8 B
4§%§§)1%,@‘ led 57.5 21e4 21.3 2.6 1417 23,5 9.5 290.8 725.2 1710
July 25,0 19,0 48,2 26.4 25,6 0.5 150.1 trace 9.5 299.4 109.0 1580
Aug, 20,6 5.8 65.0 25,3 32,5 3.4 122.5 35,6 9.4 326.0 47.0 155
Septs10.3 1.6 5B.6 24,8 33.7 2.4 166.9 12.9 9.4 516.0 27.6 184
Octe 15.2 2.2 49,5 20.5 1948 0.6 154.5 20,0 11.9 271.8 B50.8 200
Togs 18,2 20,6 63,4 8.4 11.8 5.8 236.0 29.4 9.5 429.5 9.7 10
LlaSalle at St.Norbert, Man.
J%%ﬁllzfﬁ T4 3645 2.4 25,4 0.2 67.8 842 28,5 197.8 110.2 90
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