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1e Intrc&uctian-uﬁhe geegraphy and geology of the Red
River Valley.

‘2, The eclleetion of samples,

3f ﬁﬁtha&s of Analysis and the 1limits of srrar.

4, A,statement ef amalyaes of ﬁhe Red River from W&hpet-
on to lake Winnipeg and a diseuaaion thereef

5. in 1nve$tigation of the Miasiaaipyi, the St. Laweence,
and the Red, and their tributakies, ‘

6, A comparison-of the chemicalxaom@eaition of Lake ﬁinﬁi»

- peg with that of the Great Lakes anu the Red RiverQ

7, A aomparisoﬁfflewing through solid rock wmﬁh the Re&
River. ,
a, The leachiné ef ?leistéeeﬂe an& B@ul&er @laya, Creﬁaaeouﬁ
kShale and soil, p
9, The suspended matter 1ﬂ the waters of the Red Eiver,
13, Chemiecal denudation, ‘
“The &t&t@ of silica in natural waﬁera.
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On the east side of the Bed River, the imporiant
tributarien, from ﬁ@“%ﬁ,% crth, are %ﬁ% Buffale, Wild
Riee, ﬁagghs Sand Hill, Red Iake, Snoke, Tamarack, Two

Rivers, Jos, Eﬁ%%&ﬁs and Hat Hiversy and @ﬁ the @@%% the

\ﬂ&

Bois ﬁsg'biﬁux§’§ilé Riee, Sheyenne, Mim, Goose, ﬁmrﬁlﬁs

&

Forest, Park,Fembina, larsiis; Boyne, Ia Salle and Assine

fube
B
e

boine %i?%?ﬁg'§§kﬁM§i}“ﬁﬁgﬁﬁﬁ "Exeepbting the Red Luke,

gl

he Sheyenne, the Pewmbins snd Bhe Assinibeoime Rivers, all
of these are small, the $arx§ﬁwt point of %%@iy drainage:
being ﬁﬂé@y to geventy-five mil@& from the Red River, In
summer droughts Reve gal of them, ineluding the Bois des
Sgoux, are dried up slong the grealbr vart of their
courset ’

Referring %o the @%%&@“ﬁ%ﬁl dghnracter of the aysasg%
: : & d 2

drained by the Red &&ékﬁﬁ%iﬁi§§i§$ Rivers, Dr, G.M4.Dawson
says: "The Hed River, flowing from south te north, runs
probably for ite whole length over deposits of late awt&,

*

These are, either the fine silty material laid down in

the bed of the southward extension of I

%

previously ocoupied $hg vWEQ@gg or clays =nd sendy elays due

e %iﬁﬁlﬁﬁg; which

to the glaeial p@@i$@$ Long and i@@@?@ﬁﬁty%ﬁf&&mﬁg however,
‘Jodn the Hed River, both from the @»~* and the west, and the
ﬁkﬁf&ﬁ%@f of the river water is mvhﬁléw* due to the nature
of the eountry occupied by the %@?iﬁgﬁ and the souress of

these, rather than to the compo ion of the bed of the




4
maln stresm, with which the watﬁfa passing rapidly and in
1%%%@ volume cannot come very often or indimately in con-
tast, Probably more “‘;ﬁ Balf of the water of this river
is deriwed from the Bat, Rossou and Red Iake Rivers and
other sireams 11$w3wg from the wooded marshy eountry to
the %a&é,@,ggd,xﬁiﬁ country is &l&6’@QV@§§ﬂ with drift de-
‘posits of glaecial and post glacial age, and the streanms g6l
dom or never fl@@‘@?ar solid roek, The tributaries fram the |
west, ineluding the Sheyenne, the Pembina and ﬁumérﬁus smalleﬁ,
rivers, are f?@m & region which mey be regarded aé almmét
ﬁp@ﬁ prairie, and is ﬁubgeﬂﬁ Yo & rainfall considerably lgss
im amount than in ‘the east, These streams flow in part over
glacial and post glaeial ﬁ@y@%i%&a but in part alsc over
the uméa@lyiﬁg Cretaceous rocks, of which the @1&3& and
shales of the Fort Pierre gr@ﬁp cover the most extensive
araag,,,,Thﬁ Cretaceous gha 1@5 contain o considerable por-
tion of disseminated %gf?%@s, which latiter when exposed to -
atmoepheriec influences undergoes decomposition, ultimately
gliving rzﬁe, in the presence of the ealeium @%f@@ﬁﬁwa con=
tained in the “Q@k&, to the formation of gypsum, with which
mineral--generally in the f@ym of ﬁ@l@ﬁitgammaﬁy of the beds
are, in consequense, e&&§W@ég There are also on thlﬁ gide
of the Red River, several springs impregaated with common
salty these r@s@@ble those @? the Lake ﬁgx1%$§a aigiw &%,
and are probably, like th%mi derived from the underlying
Devonian rocks, Svrings of this charseter are knewn in the
salt River, south of the Pembina, and it was @f@viwuﬁly

Attemplted to ubtilize them 28 2 source of a salt supply,
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el

ninth, ¢ Dominick wgrites: YThe water was token
from  the Otterdsil River about one &ﬁ& a half miles
above the point where it joins with the Bois des
. Bioux vo fprm the Red Eivern,ggﬁﬁh% @ff@@ﬁ of the Eai% dog
Sioux at this time of year is negligible as there is
anrdly sny water in the stream”,

2) PargoK.D. samples obbainmed through the kindness
of C, B, Tighe, Prineival of Farge High $§h9$1; on
_Detober the ninth, 1924,

{7) Calefonia, §!§‘ the samples were eolleeted by AL,
Selwold who eays: "The semples were taken on Thursday
morning, Oetober %he ﬁ&ﬁﬁhg in place of %@ﬁ&eﬁﬁag; be-
gause o heavy rain fell here that dayt

The winchesters were filled at

this point on October the eleventh, 1924, through the courd
tesy of A.G.Lenard, Profersor of Geology, University of
Korth Dakota, from the Red River just below its junction

with the Red Iake River,

Van, The woler was obiained on October the
ninth through the kindness of Mr, G, White, Frincipal

of the High School,

EEE Thepe three samples
: were eollected by the
author on OUetober the

These spmples were
obtained through the
sourtesy of J,V.5imp-
son of the Northern

ez, Fish Company, Selkirk,
between Oelober the -
‘minth and twelfth, 1924,

it

(7) Biver Park, Finnipe




HEIGHT OF THE RIVER,

The following information eoncerning the height of
the Fed River for the last ten years was obtaincd from My,
C.H.Abtwood, Distriet Chief Ingineer, Dominion Vater Power

Branch, Tinnipeas

Year,
1914

1915 0 751,98
1916 1 755.84

s
AV
pes
=}
L}
i
A%
s
el
LT

1918 745,60
1919 751,37

1920 | 750,60

1921 . 749.78
1922 74951
1923 | 749,18

F )
1924 748,56

This table thoms that, generally speaking, the Red has

that in the subumn of 1924, when the above samples were cole

lected, the Hiver was lower than it had betn for ten years,

(ET0DS. OF ANAIYSIS,

POTAT, DISSOLVED SOLIDS,

(1) )

The total dissolved matier was determined with 500
¢.¢. of the cavefully filtered sawple, which was evaporaied

to dryness in the water bath in a tared platinum dish, dried

b

(1), Vater Supply Paper- 236




& |
5 @ ) ‘ )
at 180 G, for one hour, cooled and weighed, The residue

was computed %0 paris per nillien of the total dissolved
solids,

The csonmittes on st

andard methods % wa%&r &a&lyﬂia
»f@ﬁﬁi@%ﬂﬁ that &i%%alw@ﬁ ﬂ@liﬁ% be dried a% ?Qﬁ é f@? one -
half hour, but R.B.Dole ;auﬁﬁ that the best results were
obtained by heating e ?Sﬁﬁﬁg for one hsux; Lecording to him,
"Eractically all the . water of erystallis 2tion and that nech
aniecally included by yesidues of ordinary mount from water
of ordinary composition were driven off, and the organie
mpbler was more or less carbonized and was greatly reduced
in W@i%h% %hﬁngh ib %&ﬁ m@ﬁ completely destroyedy

33

ﬁ& 3&&3
The siliea wa 53 &@%@fmzn@& using the mﬁt?mﬁ outlined
in Water Supprly Paper ﬁﬁ%s

';‘ Q_&x et "

S

The pereent ag&& of these mi&@?&l@ were determined,
ueing the gravimelrie method osutlined by Leffman in his

"Examination of Yater for Sanitary and Technieal Purpose

ag’¥

¥ ;:iﬁ@i: ATE AWD BT 3LCARBONATE
ms;’}l Qisuw

Phe alkali metals and the sulphate, ﬁ@§§®ﬁ%é% and

bicarbonate waere determined, ng the procedure.
given By Dole in U,8, Zater u§31§°ﬁws ?kzﬁéﬁ

BADICIE,

g‘&@ waEual %i‘w&?‘“&*?’wi? ﬁ@g sthod wes amgmg%ﬁ. for the

@@%“?@iﬁ%$iﬁﬁ of ﬁh$&wzﬁasﬁ i @ewﬁfﬁﬁﬁuiﬁmsihﬁ with gi“% r

nitrate as silver chloride in 2 nifrie aeid ﬁ@l&ii@ﬁg

(1)Public Health Papers and Reports, Vol, 30, 1905,
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10
i% iz generally sssumed thet the silien @ﬁﬁ the lren

and sluminium oxides in natural waters are in the collpidal

% %&ﬁ Z“f@?g

state; se they were not used in compul

ALl the snalyses were checked and those %&&% d4id not

ecomply with the 1§m§§ of error allowed by the @sllﬁ*iﬂm

w"’lf?

m

table were rejecbeds

, j&ﬁﬁﬁﬁﬁﬁﬁixﬁﬁ;és

4 b4 ) ®
e . ! 8 g

not less then,: less than : W€ 3
2 : s R 7 2
H : Do :
: 50 : 15 s

: : - t
20 3 100 : S :
L o ®
Al L ) &
100 - 200 & :
@ ® o
: 8 ® @
200 H 500 i 5 H
: H 3
500 2 1000 : 3 H
E b E
L4 o e
1000 : 2000 2 il :
: ) : Era el i)

A - s

A8 an example of the methods used ithe table below
showing the combining values of "River Mouth, No, 107

water is given:

Palmer, U.B.Ge8. 479

il
Bagui?

Idem (1)

Ty o
no
Kpua”
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: SR
Ag is é“%&i?ﬁ @ﬁ 5%. Borbex

S

3, éﬁ%xﬁ&ﬁ@iﬁ& @@ the foot of Kennedy 5%,, Winnipeg,
ﬁ. mﬁ%v CoP.H, analysis,

fi=
F
fex
I

5102 16.9 16,6 23,0 14,5

Fez03 41203 14,6 . 1.8 6.0 Tep

Ca 89,6 63,1~ 680 92,3

e %%ﬁéﬁ» 29.6 0 20,4 39.0
2001 .80 ¢ & i

§& %507 %1% e e

co3 249.5 141,00 193.0 277.0

§% g% g 6831+ 17,0 ‘zéi%

ans = 1%, 9

. iy e ? E‘% 5 § s% Gl w% s
32 520,0 357,86 741,08

- The Ia Szlle River &s seen from the ‘beve & nalysis
has & very high @@m@@&%watn@ﬁa nearly one Ralf 18 due 4o
sodivm and @ﬁiawﬁﬁ@g derived, no ﬁwﬁkﬁ, from the sali
springs that flow inte the Ia gﬁllé %ig&@@'ﬁ§g

ack PAF)

%@ﬁrwiwﬁﬁ.éfiﬁ will be noticed that generally mpeaks

5

ing:  the Red River increases in coneenivadion from g&@?ﬁ%&ﬁ
%0 Wiﬁ%iv@§$ The di%ﬁ?ﬁ?@ﬂ@i@ﬁ of the gravh mﬁg be @%§1§§%&§
it seems, in most cases by 1@%&3 son i%?ﬁﬁ%@ At Fars 20, for

»

ﬁﬁ&myiﬁg the total s@linity 1r found to have dx ropred, bul

this may be due to 4ilutben by the Wil River vhich
Jodns the Hed a few wlles above Farge, From Farszo to ”iﬁ%W_

iyggg if Emerson be disregarded, the increase is fﬂﬁwig y%%@m,
klﬁ&;ﬂ&§ hi&ﬁ %&@%@ﬁ@?ﬁt A &% Emerson iz due %&iﬁi&

ﬁ%ﬁlﬁ& and ﬁﬁlﬁﬁi&@s The Pembina River unites with the Red
just above Imerson, snd it has sn importan % tribubary, the

Tongue River, which is fed by Balt $§§§ﬁ§§¢ The Pembins 1te




£y

gself, flowing from the prairies in which the raifpfall 1s

racher limited, will likely have a falrly high coneenization,-

The woters beeome more dilunte between Fnerson and lorrig

&

which may be ecsuged by fresher water flowing in from the few

zh

small

e

ribetaries bebween these points, or %o the faet that

vhere the sample wap eollested 2% IEmerson she waters of the

Pembina and the Red had not beem thoroughly mixed, From

Yorris to River Fark (above the Asciniboine) the concenirat-

ion is again inereaded, probably due to some extent to a few

small tributaries, the Ia Salle being one of them, The Agse

i1riiboine Plows ints the Bed botween River Park and Kildonan

Park and dilutes i

) s
i

donan Park and Sellkirk

%

s e

he river water noticeably, Between Kile

here is a small drop in fotal sale

inity, but from Selkirf to the mouth the drop is rapid, This

last, however, cannot be accepled for the water ot the mouth

of the river is bound %o be affected by the more Ailwis lake

#

water, The water in Lake Winniveg itself, in common with that

of the Great Iskes, has s low salinity, 1% being
springs and rivers floving through selid rock,

5]
1te m@@§§

o

iliea ocours im the Hed Byver water from Wahpeton to
1

in relatively small and fairly uniform amounts,

Gruner says: TI{ was formerly believed that s 1liea was ea

in solution ag alkaline siliente and that on separation from

the alkali, the silies was precipitated, bul it is now held

that sllleates are hylrolyzed and the siliea i ca

o aBen

gollold in dilute unatural solulionst  The suthor in work ecarried

@ﬂ;ﬁﬁyiﬁg the past few months hes been stiempbing to esbablish

(1) Zoonomie Geology Journal, P 442,




the abave Ssfumption by ﬁﬁ@@?W$$ﬁ%§§§&§§ﬁ“ the wiver waters,
Silien i&,&ﬁlg‘*ﬁ htly seluble but onee in solye

tion 1% e tuite stable due to the Proteetive sy rganie esle

the river w@%@?;RFéam,ﬁahﬁéﬁﬁﬁ to Caledonia there

Lliea but 14 feems thet thie i&

fute
1
e
1%
it
iy
by
o
o
?‘g
o]
=
fd
@
forkte
]
L]
p
ot

;’5?
%ﬁﬁ

e Llikely due %o dilution gg wabers POor in silica thap
o y?gigiéaﬁigﬁ; From Q&l@%ﬁ%i& o the Mouth %&% inerease
in eilies 4 guite eradudl, as would be expected, and 1is
1ot influenceg o any grent extent by tributary %@%@rw.
The Red Ryver aise pontaing small smounts of iron
and alurinium o oxides, Gruner Eﬁ@ tes that the average
river water @@ﬁﬁ%iﬁ& 8 ?%@g-ﬁ&hﬁl amount of iron, but wate
ar hi%$ in organie content, sush as tronieny rivers ang
SWamps, my contain 88 mueh as 8ixty parts per Billion, -
The Red River st River Park earries omi ly “eleven parts.
Per million of 1 ¥on and aluminiug ﬁ@i@%ﬁ a& above and below
this point the quant ity varies 23&& “We Yo only a2 %‘&ﬁ%;

@

Caleium secups in the Rea Biver Water in guante

itien ranging from 64,48 pp PRI at ¥i1a onen Park @@
four miles out in the g@kﬁg “Genemily S@@%ﬁlﬁgg the gaie
eium curve conforms f&§§1@ well with 4% ¢ blearbenate suLve,
88 would be eXpected, The §%§$}£§wwﬁm%§@§ ium ratier gt gaﬁ»'
veton iz shout 231, and thig Temains fairly eongtant with

& slight dserense

g,,.d;r‘

The depidea Jump in s 1leianm 1 between oy

{13 Feononie Geology Journal, P 442, 1gop




be i§ §ar% due to the high csleium water of the Ia Salle

River, The Assiniboine is poerer in ealeium them the Red

at ﬁiﬁ%&‘@&ﬁk, and thisg will ﬁﬁ@l&iﬂ the lower ealeium
content at Xildohen Park, There-is a decifed inecrease
both in enleium

’ and magnesium between Kildonan Park and
Selkirk, Between these points “there are no important tri«
butaries to cause such an envichment and it seems improbable

that such an inerease could be ecaused by leach ving of the

el

elay banks, even by 2 water with 80 high & ecarbonate con-
tent as the Red,

The eodium and the chlorine curves follow in general
the curve of totsl ﬁ&liﬁi%3§’&ﬁ h&%,é@am mentioned previously
Jhe high coneentration &t Emerson and at River Zark is due
largely to sodiunm and chlorihe, From Wahpeton bo Grand Forks
~the sodium and ﬁh&érimé show v@rg little chonge. Between
Grand TPorls and Imerson, h@@@?@y; there ig a large iﬁéf@&&@
in concentration of both, no doubt due to salt springs, AL
lorris, evidently, there has been some dilution but there is
éﬁﬁik@r jump beltween %ﬁfriﬁ and River FPurk, perhap g due ta
“the high sodium and chlorine content of the Ia Salle River,
Prom Ri¥er Patk to the Leke the chlorine content @ra&maliy
’aimzﬁiﬁhﬁgg aided somevwhat by the lower ﬁhl??iﬁ% waters of
the &gsiﬁibgi@m; “he codium, however, bebween River and Xil-
donan Parks shows & sl&:m% enrichment in spite of the fact
thet the Assiniboine is lower in sodium than %ﬁ& Hed at

River Park, Sewage m&y in some way ageount fob this §ﬂ@§$&%@,

Potasgium ig found in the waters of h% Red in g&i%@

amall and very uniform amcunis,



that if the comporition of the water ﬁ@@&ﬁ&&é entirely
upen %&@ 1 @aghiﬁg of the mterial ﬁhra&gﬁ wﬁiaﬁ the rivef
@&Sm&s, th&t the potassium in solution wsnlﬁ be gr@at@r.
The Red ism Yery rieh in amlghates, From Wahpeton to
Emerson %here ig a grajual iﬁ@f&&ﬁﬁg wﬂ%h the ﬁx@agﬁiaﬁ
of éargeg Seeming to prove %ﬂ&ﬁ the Wild Riee Eﬁvax
whiech fl@@ﬁ inte the Rrea abm?@ Fargo is peor in “alyh&»@&g
There is s ﬁﬁlgﬁvﬁn of %ui@ﬁat@ between Emewvson and @srrih;
while between Norris and River Park there is a decided
coneentraiion of @@g Sulphate ion, dus in part, no doubt,
>§@ the high »Rl?k&@ﬁ waters of the Ia Salle, The ﬁ%ﬁiﬁib&iﬁ%,
é@@l?lﬁm its waters from eountry coewered by COreSeceous
shale, rich in pyrite, is naturally riecd in sulibate;. but
1% does not scem to affect the waters of the Rea below i%
28 much as would be ﬁﬁ@%@%@&;
| Fhe E&a&?hanaﬁ@ and the carbonate ions are found im
the waters of the E@@ the fLormer héim% the more abnﬁaaﬁ%
Aeeording to Clark t%@ %i@arb@ﬁmﬁa'&mﬁ is derived from the
river waler and from the carvon dioxide of tﬁe atmosphe re
and from the deecay of vegeiable ﬁukﬁﬁgﬁeﬁs and their fur-
ther @xiﬂa%i@m; Also he says: "he r@l&ﬁivaly’ing$lub1§
carbonates of caleium and m&%ﬁﬁwiﬁﬁ are held in weluﬁisn by

the excess of earbonic &elﬁ which is &lwagﬂ @rﬂg@ﬁ%..é,

#

(1) Wallace and Maynard, Clays of lake hAgoassiz, B 15,
{

(2} Clark's Data of Geochenistry,
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without this solvent much of the load would be depositedy

~ ,"(5

The carbonate ion %hraughﬁuﬁ the whole @ﬁ&fﬁ@ 6f the river
remal %iﬁly @&all &m& fairly uﬁifavm, The bicarbonase
'ﬁgm, kﬁ%@?&ﬁ, shows & gradual inerease from Wahpeton to
Bume @@&ﬁ, then a gonsiderabdle deerease at Norris and ot Riy-
er Park, The Zesiniboine 4is low in biearbonate and influen-
cee somewhats Lthe drop fronm I ?ﬁv&f Park %o X:ildonan %ﬁ%k

Blver waiers mey be divided into twe slase @@, ‘
sulphate and @a@bsﬁﬁ%@,,ﬁsﬁgraxﬁgiy ag the @ﬁlphﬁ%@aﬁ?
garbonate ions yr@&@mimﬁﬁﬁ; The FRed River is a e&rbﬁﬁa*
water &E%k@ugh the & 1@3&%@% are also guite ﬁi@h. It e@ulﬁ
perhaps be %af@lg gaid %ﬁa%;if the Red River was shut off
from all 1te tributaries, and its @amygﬁiﬁimﬁné@p@na@n%
tarcughout i%s entire 1 length upon the lenching of Fleig-
tocene @1&y$; at Winnlreg the caybanie ions w@a&& be muach
move in excess of the sulphate than they ave ﬁew,

I% must be remembered in studying the dove grath

that 1% was nmade i?@m a series of analymes of samples aall%a»
ted on or aboul Ostober the ninth, 1924, at various voinis

Lot
5/ £]

@1@&% the Red Rever, and ap %k? @am§ax tlon ef & river is

Riways ehonging, duec to rains, eto,, the graph can only be

o
e
W&

id to show @ ﬁﬁ&fﬁ@Gmy %h@ relationship between the various
constituents a2t that time, It iz ne doubt f&ixxg represene
tative of the fiv@f g@?aﬁ a8 2 whole for Gs@a@gf. & similar
graph m&ﬁ@ from, Bay, ten analyses at each of the abhove

§e1n$¢§ ﬁﬁ&lg very 11 1kely be less ir rregular than graph A,

s




The following informatis
from Clavk and varicus dater Supply Fapers gives &

f&ix&g somplste summary of the composition of the waters

of the i* S8iselpps and four of ity wosT important trie
'%ﬁ%ﬁ@iﬁ@,

LeBrainerd, ¥in nnecobs, near source{Clark),
E;&bﬁ?& %iﬁﬁﬁ&?ﬁiiﬁ;

Ce loline, Illinois, {waggr Supply Paper 239
Do Hemphis, T y@ﬁﬁ@%ﬁﬁﬁg (Clark)
- By Above ﬁ@w'§flﬁmﬂ$g {Clark) .

The following &&ai;@e& were not made from samples
collieceted s &bout the same tinme, but were averages ‘f & Zere
ies of samples colleohed d2ily over long %?Tl&ﬁﬁ, and
way be taken as “@ﬁraﬁamtaﬁzve 0f the ﬁﬁﬁ@ﬂﬁi%i@ﬁ~ﬂf the
waLer at the point wheve taken, They have been recaleulsted

in%o parts ver mi illiom,

A B ¢ D y5
o3 100.% T40,5 75570 62,0 6375
SQ@ 2 s{é }; t§ Eﬁ:fc{:} 25::3.2 3..51.;’5
gL - 1.0 1.7 5.7 0 11.2 10,4
Ca 44,6 44,0 2.0 33,4  33.8
Mg 7.9 15,4 13,00 13,2 "84
EBa 152 4,5 16,0 1325 [
3i02 18.3 12,3 1.0 35,2 119
£1203 247 csop teap Toay 7«*'3’?
Fe203 3.1 7 W32 1,5 .25

165 128 79 757 166

The sbhowe analyses were plotted @ﬁ a ww&pb (x}, parts

per million agsinst mwiles from Brainer é,




th e

o
oy L :
0 3 3 s By 3
i mmm \ o & @ ReREa
oo SR & L 5 BN gl
oond D m . 8 - mo
> o m ww,& o o i [ o) i
(I T TR T @ = E I %2
& EACl - B A 2l ] 5 BN - B B
% Boom B e = ol U I R - M -«
@& M wd sird 2 o By
o m R - B ol CHE T N1
2 8 w0 m g =S b OB n
S oow o ow & rd O (O @ B o owm o owm
A ) s m o Ry A T i ]
ot %@ me %:W @ m.“m Y N@uw ﬁ@ ooih
B o« g om om o o & 4 - p o
o e iy mm % ST I 4% mw £
e L] o8 | & 42 4 - 4 o
% o 3 84w 0w e . g 0 &
SEI I A Ay B  Ea o S ; :
m g s I @ Rl w3 O6F S 1S e mv L w0
vl e o %D b S i pEuB s e a e ey B1 e 5G] ot
oo S w o SELTWD SO O M e e o
5% " 7 4 9 - & MAESSE e peny e W im ot
“ Aoa A B Si e PO T
o A i ol ) A B G ¢ o
L & (8] e B o o B o
] ok 9 e D e D 0D DD Wi e Y Msm 0
ﬁm s g o mmw LD R BTy a4 C n.m o
Tog o By B POng ONOS e s o o o o
o e B 3 o F LD WY e D ey, B L, Gt &l BN,
a3 - 12 53 R e L ] £
- B % o o
_ Moo 2 - - e &
£ L A By e . £ S o
o o : " L L 4 & 5
#ie P ww A C/fw w0} e s e 1 s ] ol . o
= 4 2 W e s N e :
o o mmw YOS 5 W e e\ R P} o} m a F
s & FARL e py e e e g0 e By
i i ~ A S 94 wd o G e pod
& 2 mowm o4 o A 3 ‘o
o sy L @ #ogm g g o oy
¢ 3 e e & & i o
42 o moow, w0 o (3 G P g0 e e | o0
A2 L] W P ] o &h& ¥ LI % ee i o g
o) o W w e QoD B NG o o iy 53 *
b e e g ﬁm £ PADE e g 8 8 B e @
] ¥ it [ 4 & @ | . s
%m w.“w e} m I MW ] o
&4 @ i A S I e Bz
i B A o mw - e
- (@ kL e “ . 14y Ean
¥ \n - % o 9 ; sﬂw e
i % Loh SRR i ,MM“
i s P AT 2
o - , Moo g
. R £ oy 43
E IR Ot @ B0 gd et e oy o
i Lo OO i v «f 2




after purifaetion,

1tion

4o bhe

are both mach mooe dilute than the

or the Ohie, for

%i%&iﬁ@i@%i at Moline and would tend to Q@QW&&$%§ net ig-

&5

er ﬁagiﬁ@ @@ﬁﬁ@ﬁ%“ﬁ %&ﬂﬁ

&1&%@ Be there iz o deeided

drep im the carbonaie » two maln d@ibutaries

between these pointe nigh in carbonate, These

tributorien are g&s& o3 B 8ilied but not high gnough 4o
S&“Kﬁ* f@% the jJump
f‘a ﬁ;i ﬁ

2

e ealeinn

i

&lwmﬂv

g’x

1 Hhe MQ*@%@&M ig %r dow

“he twe tributaries are both ginilar 4o the

ippi 1n 2132013 mwetal ﬁ@ﬁaﬁxﬁg bt are

berhaps partially

sed

than the “lesisgippl et Memphism, Alse they ars hoth ouite

the sarbeonaie railele, which @008 not seen io affe

S6L the maln river greatly, The chloride radiaile takes o slighs
drop @ﬁgﬁb ig azain contrry to @ﬁ@%ﬁ%&%i@ﬁ§§ for the itrie

%ﬁﬁ%%@@ expeelally the Arkanses, are yich in chlorine, Of
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Ca T&o? : ?a‘g‘ gﬁ’sﬁ *’3*,\9_

Hg 4,02 2,1 2. 9.3

ilg '@»{}3 ﬁa%? T ? 11.2
K tid g e e

5102 10:7 9.0 3.7 9,9

Pe2U3 41203 5 I S i.a

FPM 77 a5 67 152, 7 1477

A stedy of T ana J shows %&ﬁ% they do resemble .

ES

one another m@%iﬂ@@b1§$ The faet that %hﬁr@ is only & éifﬁm

grenee of & PPU %@%@%@w the aetual analysis 8f the w%

.X

Lawrence and the enalyeislis itpeir “§Nﬁ§¢§§&§$g Gonerally

&

Epealking. the 2lght $ribu utaries dealt with have g ve ary

ced sffeet on the composition of the S, E@%E@ﬁ@& at

Anslyses of four %?iﬁﬁ%&?i%% %@%ﬁ%@ﬁ Emerson
eE were @@%&im@ﬁ, the E&%s %ﬁ@ Rosesu, the Ia
S2lle and the é@@iﬁik@iﬁﬁw The Red st Imersen wag also
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b

considered a8 a tributary, and the mehn of the five

b0
Jode

ribute

0 4h Bne-

&t

aries wag taken to mes what relation they bore t

alysls of the Ted E%E@W’ﬁiﬁﬁigﬁggv

ey
%

A, Hoseau Biver, 0,7,R, snalyels, reealeulsted to PPN,

B, Rai Hiver, C.,P.n,

3

nalysie, resaleulated to TP,

@

*

€. Ia Balle River at St, Norbert, Manitoba,
b

Do Avwint

W : & e _—
e Red River ot Tmerss

oine River at the foot of Kennedy Bt,, Winnipeg

Fo Réd River at Xildonen Fark, Winnipeg,

he above tributariesn,
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in sige, in ealeulate

and two

gther three

the composition of the Red
)]

the five tributaries mene

the same, Such 15 net the
case, but they are somewhat si lar, The differchees may

be due to ths Fasnt thnt several winew Siroans weve not

taken, inte acecount, ana a0 thet the vun-ord directly into

the main Ted as wall a8 the les the Hed

upon its banke from Emerson Lo Winnives weps disresnrded,




‘§§ was this lotter ﬁﬁ t that led o tb@ @xagyim@ﬁiﬁ on

leaghing which are given later in the paver,

The Bed River e

o

1vsies into lake %inﬁi§%g, one of
ef THorth Ameriea

The following analyses, taken from Crabau's

£
&
o
¢
0
@
o
by
B
0
g
=
A
ia
&
4
% cé

Erineiples of Biratigraphy and recaleculated io varts

some of the

Ay  deke Buperior at Sault Ste, limrie, ﬁiﬁ&lgﬁﬁg
B, Iaxe &3@hx§&m 8% 5%, Xys&u@ Hichigan,

U  Iske Hurvon ot Pord d@f@ﬁg

D, Iaks T

%

&

rie at Emffalﬁ, %ﬁﬁ'gﬁiﬁ

By lske Champlain,

Fe  Iohe Winnig Peg--annlyeis by the author from & ﬁm&@i@

teken four miles out From the mouth of the Mivwkéﬁeé}a

56T F1.3 1
[ £ Do
e R

ey e =Y 3

“lez sfec 5
£.0 4.8 5
fg‘a% 3»*%‘ s ‘f‘i

10,7 1047 6.9

e « U9 vt

Botal ) | -
salinity 5z. Vie o 1a3 134 67 154

Prom the sbove it is apparent that the watew

Tinniveg 1s guite similay in composit on to
that of the waters of Leke Champloin and the Creat

&&R@ﬁ. 1% iz much higher 1% the %& iphate radiele than




w8, bul as the S&ﬁ%i@ was taken only four
‘mouth of the Reg %i?@EQ which is gulie high

b mey be that the river water 54111 influen ges

it somewhat,
The water of Iale Tinnipeg i8 mueh more dilube than

that of the Red River as it hagm aﬁ?w 154 PPM, while the Red

at Selkirk hap 550 7 Lo
The river water is diluted on resching the lake

but is diluticn the only ﬁ&&ﬂg@ that takes plage? To ;

compare U he walters of the lake with those of the river ‘

the lake water analyeis was expressed as if the lake

hod the same cone centratlion ag the river a veelkirk, The

semple coll egbed Frow the mouth was disr eoarded in ihis

@me %@m, Tor it would Bo doubt be contaminated by the
lake wm&%?; eSpeelally sfter a2 high wina from the msf%h

L, Iske Vinuipeg Vater sxXpressed as if its t@t&l cone

centration was the fame ag that of the Red at Selkizrk,

B, The Red River 2t Belkirk,

C. Loms or gain of la¥e water in ) EPig
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ailiéé? éélcinm? magnesium, bicarbonate an& sulphate*
and yocrer in iron and aluminzum 0x1&es, the alkall

metalgg chlorine anmd carbenate than the river,

The Red River flows thraubhout its course en-

tirely through Pleistoeene clays, E&nam&an(iéives a
rumber of interesting amalyses of Bohemian waters
showing the eomnoﬁitian»@f the waters .as related ﬁa the
roecks through which thex flow,

Ag From.PhylliteQ 5 analyses,
B; From granite, 6 analyses ’
é; From mica séhi@t* 6 analyses,
D; From basalt, 4 amalysea ]
E; From the Gretaceous; 4 analyses,
F, Analyses mede by the suthor of the Red River ab

Winnipeg, (mean of 3 analyses),

A B ¢ D E F
003 5704 30.49 32.14 46,85 35,01 35'20
' . 0. o 0 2.
Sa 11?9? 11;33 13;@1 20207 22,1 12,8%
g 5.02 3358 5:08 5,76 5.29  5.20
Fa 11,20 10,57 10,85 £.22 3,43 11.93
: ' ’6 ’ ° : . .26 2¢ 2 1. )
§g€}2 ?3 ;@ ?'?;3% 1%;%65 '?,67 Zr;g'? 3310
Fe203 A1203 suuur *é»ﬁw«i ﬂ#g@éf iié; ednn &8@

percentage 1 @0,5@ 100,00 700,00 1060300 100,00 100,00

total sal- 7
inity 48 65 T4 543 603 583

(1) Clark's Data of Geochemistry, B 79




i
L)

LEACHING,

#

fi } . B
Hilgard in his book on Bolle, gives a serieg of

analyses of drain waters from uamanured fields, and gﬁmp&@@%

them with the w&ﬁa*g of some of the warl&?s larges$ rivers,
The drain water was made up of materipnls removed by leaching
by the @dmﬁem&%@a waters of %ﬁ@ atmosphere and soil @f sertain
easlly soliible compounds fﬁyﬁﬁﬁ in the process of chemlecal
decomposition of voeks, Eﬁ slateds "It will be noticed that
in all the drain w&z@ lime 18 the ingred ’éﬁ% mest abe
undantly leac%@& vut, and ag a ?ﬂiﬁfﬁﬁﬂ: o ﬁhﬁ‘ﬁﬁgﬁs &hnw,
mainly in the form of carbonate, also in that of sulphate,
k&gﬂﬁ“l& iz next 13 amount among the %&sa “next is soda,
largely in zh@ faxm of sodiun aﬁlaflﬁ@ﬁ Potash is peresent in
small but rather umzfazs ampunts, Qf the ebdds the carbonie
is %le most dh§ﬁﬁ&n%, sulphurie m@xﬁ, chlorine and silieie
aeld come nexty in about equal amountsy

. - A comparison of the drain waters with river
waters showed a g@mm?ﬂi gqualitative agreement but o marked

dimirution in valinity, espeecially of 1lime and ecarbonie aeid, -

whieh Hilgard ﬁaﬁﬁla§“$§ ag indieating a deposition of lime
carbonate in the river deposite or sllluvial lands,

The Red River flows throughout 1%s entire course
through Pleistoeane @lafz; but  the waters of its tributaries
are influenced by s 11, boulder elay and Cretacecus shale as
%&Ei; In orderv to determine %Q,ﬁh&%»&ﬁ%&ﬁﬁ these ageneles

infivence the composition of the river water the Lollowlng

cxperimentel work was carried outbe

(1) Hilgard, "Soils® P22,




29,
One sample of each of ths abnve materlala was ob-
talned
A, Pleistocene ¢lay from Kildonan Park, Winnipeg,
’B; Boulder ¢lay from the Moraine between lorden and
Thcrﬁhillg Maﬁi%oﬁa;

‘~C; Typieal soil from the experimental farm at §9rdeﬁ;
Sam@les B and C wera seaured through the courtesy
of W,Ry Leslie, aaq,? Su@erlntﬁnﬁﬁﬁ§ of the Morden
Experimental Parm,

D; Cregaceous shale from ay outerop in %the Pierre hore

‘izon near Crystal City, ﬁan&+obag

. About 50 grams of each sample were grc&n& to a very flne

pow&er, then mlxe& with apprax1mately 500 ce, of dlﬁtlllea
. water and shaken fﬁr several %oursg The solfition was care»

fully Piltered aﬁf, evaporated Ho dryness, and analyzed,

A B c - D E F
S102 7.1 808 T4 6.7 T3 3TT
Al203 Fe203 1.2 4.5 . 2.4 5,0 3.3 .8
Ca 22,0 20,2 18,7 25,0 21.5 12,0
Mg 4,2 . 6,7 4,6 5.4 5.2 . 5,2
Na 8.1 5.6 9.7 5.1 T4 0 11,5
X «9 1.2 1.5 2.0 1.4 1.5
CGB 1702 18;2 ’ %7‘9 ‘%;}e? '§7»%3 5532~
c1 6.1 10,4 6.9 7.0 7.6 12,3
S04 33,1 24,9 217 26,8 26,6 20,4
Percentage TI.9 IT7 99.6 100.2 99.6 100.0 .

E wasg and average of Aﬁ §~ C and 3‘ while F was
an average of four anslyses 6f the Red River below
Wlnnlpegi F represented s water that has been influeﬁeeﬁ
to a greaﬁer or less extent by all fg&r facusrs@ If it
was assumed that these xagtgaﬁ, clay, soil, efe, , modify
the river water to the same eﬁﬁ%ﬁ% Bhen thers should be
8 similarity betweern B aha B,

That these two anslyses were similar was spparent




when the ageneies, almospherie and otherwise, that would
change the cowposition of the river waler and ﬁ%&l@ not
affect the water used in the artificial leaching, were
taken into &@@@ﬁﬁ%;,

Although the percentage @f‘gygaﬁi@ mbster was not &€~
termined it must have %@@ﬁ guite %ighg espeelally in G

and

mtere rich in organie mattor will carry much more
@Qllﬁi@&l gilica and eolloidsl irmﬁ and alumipionm @ﬁ%;&iﬁ%

%hzm v&%ﬁr poor in organic maitey, Thevefore 1t is guite

[
Grbis
g
2
=
@
o
b
o
i

tbi@ that ovart of ﬁﬁﬁ lead of siliea gnc

w&%@r;

The ﬁ%g@@ﬁi&m; sodium end potassium lons showed very
little difference in the two anslyses,

Iﬁ the Eﬁﬁﬁﬁiﬁg experiments the samples az& the
distillefl water were in stoppered ﬁl&ﬁk& gnd the action of
the air was ﬁ&g izible vo, gulte naturally, the pergeninge
of the earbonaied was lower than in river water vhich is
ex oped to air,

The docrease in percents

may be due to precipitation of salelium suldhate but 1t

peens more likely that the ntity does not change but

the influx of carbonate ions lowered: %ﬁ% areentagea,

but this had, llkely, litile, if sny, signifieance, for 7

From %ﬁ& above 11 deens
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chemieal analyses, for although the total guantity had

sy

nished greatly, 1%t seems that while some of the sedinmes

2

wald preeipiiated om

the Iake, that no ons salt

wak precipitated in greater quantity than another,

the Rea River
matter,

1% was assumed that analysis number eight of the
first tebd® of smalyses in the paper was a fair average

of the composition of the blending Red and Lgsiniboine

‘Rivers for Oetober, \

The mean §1§W§,§$§ the united vivers was f?&ﬁ&
0 be 2200 seeond f@@% Lor Qﬁ%@ﬁ@?: This was 6&1@&@%%@&
a8 cuble feet Zor 31 days and frow that to pounds, and it

was found fhat 308,280 million pounds of water flow into

-Bnipeg in that month, As every miliion pounds of
water contain, from analy: is eight, 12,4 pounds of siliea,
Ny 4

ete., the total welght of eseh lon was determined for the

months
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v 35 k w
at the tap, that no results could be obtained,

The above axpéwiﬁﬁﬁtﬁ baiﬁg uﬂéu@eQSSfai,‘&tﬁéﬁtiaﬁ
wag next %urnaa to sendbrifuging, B&ﬂﬁrﬂfﬁizé%$$$$¢ "Sinee
the existence of a colloidal solution depends on the
brownisn movements counteracting the ree;; it follows
thet ; if one imeresses the force of gravitg;fa a@l&%i&al
- solutien will become less @%a&l@ and may pregipitate, This !
ean be reslized exvazig@mtaily by aentrlgﬁ inghd -

The eemtrifuge available had 2 maximum speed of
3000 RE%; It was thought that Withﬁthisi alfhough the
golloidal solution would not be precipitated, it would be
concentrated somewhdké a& the boititom of the tubes after a
fsw hours eentvlfuglng, : “k |
About two 1itres af Red River water (Gfaaﬁ Forks)
were carefully filtered: ?u remove all the sum%enéé& matuer,
and poureéd inte a flask Which wes tight3E corked to
preVeﬂt‘évapergtiaﬁ; 50 ee., of this water“ﬁsrg svapomatad
in & tared platimum @iiﬁh m the wagght o' $he dissolved
salts nateﬁ E@w two. &@l ee. @en%fiﬁage tuies Wexa.fillga,
with the water, and aa*@Aalﬁv ﬁ@alea; Lfter rﬁﬁniﬁg’%he
machine for & time 25 ee, were pipetied from ﬁhe‘boﬁﬁam oF
each tube and this evaporated in s piatiﬁnﬁ dish and weighed ;,‘
@im@% Approximate Tasrease in- ?9reenyagu
4 ZOSQQSEEE : leight, . - Incresse...

1 4
2 5 hrs, 2500 RPM
3 b hrs, 2500 RPM

(1) Banerof$, "Colloidal Chemistry™ ® 186,
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3]

centriguge only espable of han&ligg tubes containing 100 ca;,_

it was not possible to pass through enough materisl to make
a2 more accurate anslysis,
A Sharpless Super Ceﬁ%rifug@ capable of rumning at

40, GOO RPM having been obtained, the work was carried on
w1th it and the following re&al%a obtained:

Te Apprex&matelg ten litres of river water were filterad
through three papers and them passed through the cemtrifuge;
Rate 40,000 RPM; fleW'dﬁ“ec; ?ﬁ; After the water had passed
through the machine the inside of the bowl was rinsed with
distilled water 1nto & platinum di@h and the wa%hlngs evap-

or&%éd to drynese, heated %o 18@ C, for oue hour and. then

Weigﬁ@&§
- Platinum dish and washings 40,4654 grams,
Platinum dish - ) : 40,4614 7
Difference : : L0040 ™

This small amount was snalyzed as carefully as
poesible and Ffound to é@nﬁaia about 55% séliéa; This
quantity; haw@ver; wes considered too small for éatisfaed
tory wark’:; and it was concluded ‘i;}as;*h;»avea if the siliecs
in the water was sciloiaél; the cemtrifuge wag not power-
ful enough to cause it to @e‘@reeipitat@§ ﬂﬁ the inside
of the bowl in avpreslaﬁle amgantsﬁ
2@ - To determine whether or not it was ﬁosazhla to sffeed
a precﬁgz%&%zam or & B@ﬁﬁ@ﬁﬁr&%zﬁﬁ of ecolloidal’ 511&@& by the

Super Gentrmf&g@ & very dlluts solution of wau@r-giaﬁs wag




ﬁﬁ%&§ 2000 se, of this (,2% seolution) were ce entrifyged at

pi and a flow of 40 eoe, TM, The solution (sbout

250 e6,) remaini the eoylinder at the oclose of the

experinent wa gnd ﬁ$w§@&m sd to drymess and 1% was

gmﬁ
g*?“

found thst & siliea gol formed on the bottem of the dish,

t a meparation wae effected, for the amount of
ount of &iiﬁ@% in
shng,

the gel was ﬁﬁﬁh groaatey than the

saph 250 ee, of the solution bhefove sent Lritas

3, To confirm the vesulis of B, another solubien of water-

ﬁ@iﬁ time of only g@%%’ goncontration,

and 2000 ee, of this were cenitrifuged as vofore, The last

250 ae, in the bowl were evaporated Yo dypess and snalyszed

Piatinum 4ish spd vesidue from &3@ GG, 40,5122 g,

Plativun &zgaﬁ ‘ “ 40,4600 g.

pols
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e
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L4

@

#*

Thepafors thers wss ,0320 geeus of mill

ning in the eentrifuge, Now 250 e,

ﬂrf
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&
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m
&
£
m
Pk
5
2‘2
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o

aﬁé ﬁﬁ not guite one half of the kg re-

sould resdily be =

: hnd been affected,

applied to yiver walerd,

rell waiter were cemtrifugsd at

i 2 & o S s
8ilien present belore

-

Increase 7 < 2.5
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k This experiment phOWE that the silieca of the river

water has been concentrated by centrifuging and must , there-

4

fore,be colloidal,

Three attempts were made to cénfirm the above, but
owing to the leskage of the cylinder no resultis ware ob-
tained. It seenmed that the concenttated solution lesked
out, for snalyses of solutlions in the eylinder shawaa no
ohange from that of the so lution before centrifuging. In one
oaee an inerease of ,1% silica was notad but it was Poo
small to be of value; '

5; New weshers being obtainef for the cylinder, the
experiments were repeated using similar quantities of

water but the speed this 4ime was only 30,000 RPH, due to
low air pressure, The congents of the cy;inder‘were treated

as before, =and the silica extracted,

1y

A\
~3
L9

Silica present, 3,
2

H

A

Silies prement before cenitrifuging

&

Inecresse : 1.1
This result confimmad 43 the smallef percentage
of concentrated ’il’ca being due to the fact that the mach-
ine war yunning 10 GOO RPM slower than in 4;
"his experiment was done twece more at 40;000

RTY and the resulis were as follows:

Increare of silica 2.7
‘Inerease of cilica 2 .4%

How in three experiments an inecrease in ceoncen-
tration of villea varying from 2}3 to 2.7% had beecn accom-
plished, and in another an incresge of 1 ”W was noticed,
These results seem to prove thut the ¢ 1110& of the river

water was concentranted by centrifuging, end was therefore
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;agﬁ moleeules wers not comcenitrabted by the mehine, and
ihevefore it seemsd safe o say that the e@m%r&f&gﬁ was
only powerful enough to effect a‘aaﬁ@eﬁ%§a%ian of parie

islea @f:esllﬁiéal size and that the silieca separated by the

i

%mi
; k.

 machine was in the eolloidal state, That is, the gilieca
in the water of the Red River was colloiflal o the extent
I

that aﬁ@m&z wth of 4% could he separated by the Su uper Cent=-




ied River of the Horth rises in nnesots ang

4

Inke %inmin eg, Fleven samiles wes )

@Eeﬁhﬁyﬁﬂhﬁﬁﬁﬁs Lrom
‘ahpeton and. Tave Winnipeg,

the results plotted on o

the various congtituents

nEeR

tion %&'th@ M ver advanced

sking, the total salinity ine

iver Pa

1 sharply

0

the diseussin

&&&g@ia he 8%, Iowrenee and

the Red Rivers, snd their tributaries showed that %&@

the tributeries had & profound ine

1on of the main

e
4 4 L Yo

St, Lawrence at lont vreal, for sxample, wag found to

a5

mE, An snalysis

be g”?@&ﬁ@%ﬁi the mean of 4he analyses of elght of ite

3?‘? Tor
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the Lake had only 23 PPM to the River's 62 FPM,
An estimation was made of the total eroding effest
of the Red and Assiniboine Rivers and it was found that
approximately one foot of the whole drainage basin would
59 eroded in 16;&00 yeara;

It was also shown by s sefies of experiments that the
silioa in the Red River water was colloidal to the extent

thet one-gixth of it could be separated by the Super ant-

rifuge,

N
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