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ABSTRACT 

Data were collected on 5 research trips from Lee's 
Ferry (Mile 0) to Colorado River Mile 225 during 1975-
76. The river is cold (44.6-50o F) and transparent at 
Lee's Ferry, but attains at least 59.4°F at Mile 225 
and becomes extremely turbid when the Paria and Little 
Colorado are flooding. The latter contributed as much 
as 827 grains/gal of suspended solids and reduced the 
mean vertical light penetration from 75% to less than 
0.001% per yard in the main stream. Some indices of 
salinity, specific conductance, total dissolved solids 
(TDS), sum of meq/liter of the 7 principal ions, and 
ionic strength averaged 643 ppm (37.3 grains/gal) ,940 
~mhos/cm at 25°C, 18.8 meq/liter, and 0.0138, respec­
tively. Computed TDS values were 0.88 x those found by 
evaporation. The lowest mean values occurred at Mile 0 
with a 3% increase in salinity at Mile 225; some inter­
mediate stations had the highest values because salt 
concentrations from the Little Colorado were diluted 
later by downstream tributaries. Factors useful for 
converting conductance of Colorado water to TDS, sum of 
meq/liter and ionic strength are: 0.68, 0.02, and 1.46 
x 10- 5 , respectively. 

Ionic abundances in terms of meq were 
S04=>C0

3
=Cl- and Na+>Ca++>Mg++>K+. 

Rarely calcium slightly surpassed or was subequal to 
sodium. The latter was especially abundant below the 
Little Colorado. Pot~ssium amounted to 3.9 ppm (0.23 
grains/gal); silica averaged 8.4 ppm (0.49 grains/gal); 
inorganic P ranged from 0.01 - 0.235 ppm (0.0006-0.014 
grains/gal); and inorganic N (not including NH4-N) was 
0.1 to 0.6 ppm (0.006 - 0.035 grains/gal). Ca-Mg hard­
ness averaged 255 ppm as CaC03 (14.8 grains/gal). The 
first 19 miles of flow was always undersaturated with 
calcite, but past that point the river was usually in 
equilibrium or slightly oversaturated. 

Most tributaries dilute the main flow. On the basis of 
500 ppm (29 grains/gal) as the upper acceptable limit 
for continued human consumption, the entire stretch of 
river does not carry potable water; the sodium-adsorp­
tion ratio is low, however, and the water is adequate 
for agriculture and industry. It is recommended that 
discharge be kept at high levels for the Colorado and 
its tributaries to maintain water quality. 

i 

063415 



, i 

-~;" .. 

TABLE OF CONTENTS 

INTRODUCT ION 1 

METHODS • • • · . . . . ~ . 1 

PHYSICAL FEATURES . . .' . . ".- ., '. ,. . . 6 

Temperature • • • • • • -. • • -- • " •• 6 
Turbidity, Transparency and Suspended 

Particulate Material ~ .,. • • • • • • • • •• 7 
Vertical Light Penetration •••••••• ~ 8 
Specific Conductance •••••• ••• _. •• 11 

CHEMICAL NATURE OF THE COLORADO RIVj3R • . _. . . '. . 
Total Dissolved Solids ••• " .... 
Ionic Proportions • • • ...' • • • -. ,. 
Ionic Strength ••• •• • • 
Hardness: Calcium and Magnesium ~o •• 

Calcite Equilibrium •••• •••••• 
Plant Nutrients ••• _ •• '~ •• ' •• o. 

.. . . 

12 

12 
13 
16 
16 
17 
20 

CHEMICAL NATURE OF THE TRIBUTARIES • •••• _. •• 22 

Par i a River . . . . . .' . . . . . 'e:. _. '-. :. ! • 

The Dolomitic Tr ibutar ie s •• ., •• _ .0'. . . . 
The Little C6lorado River • • • • • • • • • • 
Elves' Chasm 
Kanab Creek • 

. . . . . . . . . . . . . . . . . . 
Havasu Creek •••• 
Diamond Creek • 

EFFECTS OF THE TRIBUTARIES ON THE COLORADO RIVER. • 

AQUATIC INVERTEBRATE FAUNA · . . . . . . . . . . . 
DISCUSSION AND CONCLUSIONS · . . . . . . . . . . . 
REFERENCES CITED 

APPENDIX . . . . . . . . . . . . . . . 
RECOMMENDATIONS . . . . . . . . . 

iii 

22 
23 
25 
28 
28 
31 
34 

34 

39 

43 

45 

53 

87 

063416 



. "(;"". 

-\ 

. . . .' .. . i 
I 

:'-:1 

: j 

1. 

2-5. 

6. 

7. 

8. 

9. 

10. 

LIST OF FIGURES 

Triangular-coordinate plots to 
illustrate different types of water. · 

Triangular-coordinate plot of the 
Colorado River waters on five 
different rq,ft trips · · · · · · · · · 

Plots of the relative ionic composition 
of the first three tributaries entering 
the Colorado River · · · · · · · · · · 

Plots of the relative ionic composition 
of Havasu Creek and Tapeats Creek 

Plots of the relative ionic composition 
of Kanab Creek, Deer Creek and Bright 
Angel Creek • . . · · · · · · · · · · 

Plots of the relative ionic composition 
of Elves' Chasm, Diamond Creek, and 
Shinumo Creek • • • · • • · · · · · · 

Results Qf mixing Little . Colorado River 
chloride with Colorado River chloride 

iv 

· · · 15 ",. 

· · · 18 

· 32 

· · · 32 

· · · 32 

· · · 32 
". 

· · · 37 

063417 



-, , ! 
. i 

LIST OF TABLES (SEE APPENDIX) 

1. April-May, 1975 - Collecting times, 
water temperatures, some physico-' 

2. 

3. 

4. 

chemical and miscellaneous data •• • • •• 53 

June, 1975 - Collecting times, water 
temperatures, some physico-chem~cal 
and miscellaneous data • • • • • • • 

August, 1975 - Collecting times, water 
temperatures, some physico-chemical 
and miscellaneous data •••• ••• . . . . 

March, 1976 - Collecting times, water 
temperatures, some physico'-chemical 
and miscellaneous data •••• ' ' •••• 

54 

55 

56 

5. April-May, 1975 - Some fac~ors relating to 
transparency • • •• • • • .~ • • 62 

6. June, 1975 ,... Some factors relating t,o 
water transparency ••••• '. ' •. '. • • • • • 63 

7. August, 1975 - Some factors relating to 

8. 

9. 

10. 

11 • 

12. 

13. 

14. 

15. 

16. 

water transparency • • • •• • '.. • • • 64 

March, 1976 - Some ,factors reI ating to 
water transparency.. . . . . . .. 

April-May, 1975 - Major ions in meq/lJter 

June, 1975 - Major ions in meq/liter • 

August, 1975 - Major ions in meq/liter 

November, 1975 - Major ions in meq/liter 

65 

57 

58 

59 

incomplete data • • • • • • • • • • • • 60 

March, 1976 - Major ions in meq/liter 61 

April-May, 1975 - Plant nutrients 66 

June, 1975 - Plant nutrients ••• 67 

August, 1975 - Plant nutrients 68 

v 

063418 



.·.1 

17. March, 1976 - Plant nutrients · . . . . . 
18. April-May, 1975 - Factors relating to 

calcite saturation • • • • • •• . . . . 
19. June, 1975 - Factors relating to calcite 

saturation • • • • • • • • • • • • • • 

20. August, 1975 - Factors relating to 
calcite saturation • • • • • · . . ~ . . 

21. March, 1976 - Factors relating to 
calcite saturation • • • • • · . . . . . 

22. April-May, 1975 - Some miscellaneous 
physico-chemical ratios • • • • • 

23. June, 1975 - Some miscellaneous physico-

. . . 

69 

70 

71. 

73 

74 

chemical ratios •••••••• • • •• 75 
• 

24. August, 1975 - Some miscellaneous 
physiFo-chemical ratios •••••••••• 76 

25. 

26. 

27. 

November, 1975 - Some miscellaneous data 
and ratios from incomplete records • • 

March, 1976 - Some miscellaneous physico­
chemical ratios •••••••••• 

Invertebrate fauna collected from the 
Colorado River and selected tributaries 
in the Grand Canyon ........., 

vi 

77 

. . 78 

. I 

• • 7~ 

r 

063419 



··.":1 

•• 1 
. I 

I 

INTRODUCTION 

Limnologic data on the Colorado River and sel~cted 
tributaries in Marble Canyon and Gra~d Canyon ~ere 
collected on five raft trips in 1975-76. The trips, 
chronologically arranged, were: 22 April to 5 May; 
3-12 June; 11-21 August; 12-24 November; and 1':":12 March, 
1976. 

The goals for gathering the limnologic data were: 
to assay the physico-chemical nature of the ColOrado 
River from Lee's Ferry, designated Mile 0, to Mile 225 
just above the mouth of Diamond Creek; to determine the 
nature of the major tributaries entering the river in­
cluding Diamond Creek at Mile 225~8;to determine 
changes occurring during the 225-mil~ course of the 
Colorado River with particular attention tomodifica­
tions, if any, brought about by tributary influents; to 
determine the seasonal changes in both the mainstream 
and the tributaries due to such factors as snowmelt and 
rainfall in their watersheds; and to search for rela­
tionships that will shorten future physic~l and chemi­
cal analyses of the Colorado River in the Grand Canyon. 
In addition, samples of aquatic invertebrates were 
taken whenever possible. 

The tributaries selected for study were: the 
Paria River at Mile 0.3; Vasey's Paradise, Mile 32; the 
Little Colorado River, Mile 61.5; Bright Angel Creek, 
Mile 88; Shinumo Creek, Mile 108.5; Elves' Chasm, Mile 
116.5; Tapeats Creek, Mile 133.6; Deer Creek,Mile 
136.2; Kanab Creek, Mile 143.5; Havasu Creek,Mile 
156.7; and Diamond Creek at Mile 225.8. 

Sampling of the influents was done at their mouths, 
yet above the main river. Procedures were designed to 
eliminate mixing effects of the Colorado River on 
samples of tributary waters~ 

METHODS 

The following physico-chemical parameters were 
measured, usually, on all five· trips and at all sampling 
stations: water temperature, transparency, turbidity, 
specific conductance, suspended particulate material, 
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total dissolved solids (filtrable residue), pH, total 
alkalinity, chloride, sulfate, silica, dissolved ortho­
phosphate, and nitrate-nitrite nitrogen. Those tests 
that involved unstable entities, e.g., alkalinity, pH, 
phosphate, and nitrogen, were conducted at the sampling 
stations immediately. Others, requiring either more 
sophisticated equipment or concerned with more stable 
chemical features (e.g., dissolved solids, suspended 
particulate matter, and sulfate) were conducted on 
samples returned to the laboratory at Tempe. Compared 
with the others, the data from the November trip are 
incomplete. 

Sampling stations included eleven tributaries and 
at least five sites on the main stream. The latter 
varied somewhat in location because of time and river 
conditions, but the sites were selected in such a 
manner that they provided representative information 
concerning the Colorado River from Mile 0 to near the 
mouth of Diamond Creek, about 225 miles downstream. 
Tables 1 through 26 show these locations in river miles 
from Lee's Ferry, where samples were always taken. 

Surface water temperatures were measured with an 
ordinary stem thermometer. Turbidity and transparency 
were evaluated employing a battery-operated Hach 
photometer; distilled water was used as the blank with 
a light path of 2.54 cm. Turbidity is reported in 
Jackson units (JTU) although some measurements were 
made in terms of a silica standard. Vertical trans­
parency was determined on the June, August and March 
trips by using a 20-cm Secchi disc. Other data, re­
lating to the transparency of small sa~ples and the 
Secchi disc transparency, were calcul ated and are 
presented in Tables 5 through 8. 

The suspended particulate matter carried by the 
river and its tributaries was estimated by withdrawing 
water with a 50-ml syringe and passing it through a 
Millipore filter (pore size, 0.45 microns). The vol­
umes of water filtered varied from 25 to 2000 mI. 
Filters had been tared previously, and were reweighed 
in the laboratory after drying one hour at 103°C. A 
Mettler H-l0 electric balance was used for all weight 
estimates. 

2 
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Specific conductance was measured on fresh samples 
with a Beckman Conductivity Meter (Modal RA-2A)~ All 

- . - -- - 0 
results were referred to micromhos/cm at 25 Cbyemploy-
ing a factor of 2.5% perd~gree Celsius. 

Hydrogen-ion concentrations, expres·sed converi-'­
tionally as pH, were found by using the-appropriate­
indicators and a Helige Cblor Compar~t6rj ~quippedwith 
glass color discs. - - -

Dissolved oxygen (DO) was evaluated at only a few 
locations (Table 1); Hach powdered reagents were used 
for a micro-titration based on the Winkler ~&dometric 
method. 

Total alkalinity (TA) -was determined titrametri­
cally with 0.02N H2S04 using phenolphthalein ~nd 
bromcresol green-methyl red .indicators.Thetiter was 
assumed to b~ due to the carbonate~bicarbbria~e b~ffer 
system; the values for HC03- and C03= mg or meq/liter 
are based on that assumption. - On a weight basis, 
alkalinity was expressed as mg/liter CaC03' bicarbonate 
as total alkalinity x 1.219, and 'carbonate ion asTA x 
0.599. It is understood, of cburse, that s'ome- of the 
titrable base may have been owed to other than salts of 
carbonic acid. 

Chloride ion was appraisedon100-ml aliquots by 
mercuric-nitrate titration to the end-point ofa 
buffered diphenylcarbazone powder. Sulfate was turbi­
metrically established by adding the Hach Chemical 
Company's SulfaVer Powder III to 25~ml samples to form 
a suspension of barium sulfate; dilutions were usually 
necessary. The resultant turbidity was'd~termined in 
the Hach colorimeter with the "4445" filter in place. 

The ammonium molybdate method-was employed in the 
phosphate test, using stannous chloride as the reducing 
agent. Silica was colorimetrically assayed by using 
the heteropol y-bl ue, sulfite red,uction method. Nitrate­
N plus nitrite-N were measured photometrically at the 
sampling site using, first, NitraVer IV, and NitraVer 
III and VI (Hach) during the August and the March 
floats. 

3 
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The cations (calcium, magnesium, sodium and 
potassium) were analyzed by Atomic Absorption Spectros­
copy using a Perkin-Elmer Model 403; this work was 
performed in the laboratory of Milton R. Sommerfeld by 
personnel also concerned with the survey. Their data, 
in mg/liter, were used for the following calculations: 
TDS computed; meq/liter of all cations; sums of all 
milliequivalents; ionic strengths (~) which had direct 
bearing on indices of calcite saturation, degrees of 
calcite saturation, free C02 and pHs; calcium-magnesium 
hardness; and the following ratios:--Ca/Mg, Ca/Na, 
~/TDS, total meq/conductance, monovalent cations/ 
divalent cations • 

The sum of calcium and magnesium hardness as mg/ 
liter of CaC03 was drawn from the Ca++ and Mg++ values 
by multiplying them by the reciprocals of 0.4 and 
0.243, respectively. 

Calcite equilibrium phenomena in the Colorado 
River and in the tributaries entering it between Lee's 
Ferry and Diamond Creek (including the latter) were 
calculated. This necessitated computing ionic 
strengths, and the activity coefficients of carbonate, 
bicarbonate and calcium ions. Ionic strength was cal­
culated conventionally as half the sums of the products 
of molar concentrations and the square of the valency 
for seven major ions, Ca++, Mg++, Na+, K+, HC03-' Cl­
and S04=. The activity coefficients of calcium and 
bicarbonate were drawn from Hem (1961, Fig. 1) and Back 
(1961, Fig. 2). The activity coefficients of C03= were 
found in the Hem figure cited above. The molality of 
C03= was derived from the equation of Garrels and Christ 
(1965, pp. 83-84): " 

m HC0 3 x activity HC0 3 x K2 
m C0

3
- = 

pH x activity C0
3
= 

The pH is expressed as hydrogen ion concentration in the 
above equation and K2 (as a function of temperature) is 
from Harned and Scholes (1941). 

With the molality of carbonate ion known, the 
degree of saturation (0) was calculated using the fol­
lowing equation: 

4 
'. 
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n = 
(activity Ca++)(m Ca++) x (activity Co

3
=)(m C0

3
=) 

K sp 

KSp ' the solubility product of CaC03, was obtained from 
Garrels and Christ (1965;, Table 3.2). 

A pH of saturat~on (pHs) was calculated using the 
equation: 

K 
pH = log 2.E. 

s K2 

The calcium and bicarbonate strengths were corrected for 
activity in the above. 

, ' 

Some calculations were made of the degree of sat-
uration of CaS04~ The paper of Hullet and Allen (1902) 
and the Handbook of Chemistry and Physics, 56th ed. pro­
vided solubility data. Activity coefficients of ' 504 
were considered identical to those of carOonate. 

The effect of the Colorado River in diluttng. ions 
from tributary inflows was explored, using the equation 

C1Q1 + C2Q2 
Q1 + Q2 

In this, C1 refers to the concentration of an ion in 
the tr ibutary ,C2 denotes the initial concentration in 
the Colorado River before mi~ing, andC3 is tbe final 
concentration in the Colorado River. The volumes of 
the tributary and the Colorado are Q1 and Q2' respec~ 
tively. 

The index.2!. saturation is expressed as the 
difference between pHobs and pHs, negative suggesting 
undersaturation, . and a positive-result ·i,mplying over­
saturation, with precipitation a requisite for the 
return of equilibrium. 

. . . 
Free C02 or H2C0 3 was estimated with the equation: 

5 
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K1 came from the data of Harned and Davis (1943). 

PHYSICAL FEATURES 

Temperature 

There was always a net increase in surface 
temperature downstream (Tables 1 through 4). This was 
a complex function of distance and days from Lake 
Powell and the input from tributaries, each of which 
was usually warmer than the main stream it entered. 
The August and November trips took place after the 
annual heating period; the March trip occurred prior to 
it. Only the April-May and the June floats were during 
the annual heating time. In 1975, the total warming 
from Mile 0 to Diamond Creek amounted to no more than 
4° in April-May, 5° in June, and 5.2° in August; the 
mean rate was, therefore, only about 0.02° per mile, 
ignoring the temporal factor. From Lee's Ferry at 0930 
on April 22 to Mile 213 at 1730 hrs on August 21, the 
temperature ranged from 7° to 15.2°. Meanwhile, there 
had been only a 3-degree rise in the water at the Lee's 
Ferry station. 

During March, 19760 the net increase from Mile 0 
to Mile 225 was but 0.9 C, a net rate of 0.004° per 
mile. At that time the waters entering from Bright 
Angel, Shinumo, Elves' Chasm and Kanab Creek were 
colder than surface waters of the Colorado River. 

The range of recorded temperatures at Lee's Ferry 
prior to 13 March 1963, when the river flow first 
became completely regulated by Glen Canyon Dam, was 
29.5°, dropping to the freezing ~oint on many winter 
days. Our lowest temperature, 7 C, might represent the 
present typical annual low. There may be, however, 
some years when the water at Mile 0 surpasses our re­
corded high of 10°C, according to data in yearly USGS 
Water-Supply Papers entitled "Quality of Surface Waters 
of the United States. • • ." 

6 
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Turbidity, Transparency and 
Suspended Particulate Material 

Turbidity was expressed in three ways.cThe assays 
were made at the river stations and included turbidity 
in terms of Jackson Turbidity Units (JTU), as ·trans­
mittance of light, and to a lesser ext~nt as turbidity 
related to a silica standard. From t~ansmittance values, 
opacity and optical density (OD) were calculated 
(Tables 5 through 8). 

The April-May and the August runs of 1975 and the 
March trip of 1976 showed tremendous increases in· 
turbidity from the beginning of the trip to the 
stations downstream near Diamond Creek. For examp~e, 
in August the increment was from one to 334 JTU. Coh­
comitantly, the transmittance in small samples de­
creased from 99 to 30 percent. Accompanying these 
changes in light penetration were increases in particu~ 
I ate, non-fil trable solids, introduced largely from 
tributaries, although the contributions from various 
rapids must not be overlooked. The trend was from less 
than one to 888 mg/liter of particulate matter at Mile 
165 and to 870 at Mile 213 in A~gust. JUne was quite 
different from the other sampling pebibds. From Lee's 
Ferry to Mile 219 the transmittance trend was a decrease 
from 99 to 98 percent, the JTU change·0as from one to 
10, and the suspended particulate matter increased from 
one to only 18 mg/liter. 

The highest figure found for the suspended load 
carried by the Colorado River was 986mg/liter at Mile 
125 during the April-May trip. That datum implies that, 
for every 1000 cfs of flow, L67 metric tons of par.;.. 
ticles w~re carried past a given point in a mihute's 
time. 

The paramount reason for the great increase in .. 
suspended solids during the April-May~ August and March 
expeditions and the resultant turbidity, ·was the flood­
ing Little Colorado River~ During the June trip·of 
1975 it was not in flood and, although contributing 
almost 2.5 g of dissolved solids per liter,·it was 
clear water showing 98% transmittance, turbidity equiv­
alent to only 5 JTU and but 22 mg of particulate solids 
per liter (Table 6). 

7 
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A seemingly anomalous situation is revealed by the 
data from August (Table 7): the Little Colorado River 
was relatively clear when the research party arrived at 
its mouth, and the transmittance had been high in all 
preceding tributary waters with the exception of the 
Paria River, which had little effect on the trans­
parency of small samples; the tributaries entering 
downstream from the Little Colorado were also clear. 
Samples from the main river, at Mile 132, however, 
suddenly revealed extreme opacity (Table 7). There 
had been a flash flooding in the upper drainage basin 
of the Little Colorado River after the party had passed 
it. While they were camping overnight, the muddy water 
caught up with them and stayed with them to the end of 
the float. 

Either the research trips did not coincide with 
the muddiest times of flow, or 1975 was characterized 
by an unusual low turbidity. More than twice the 
particulate load we observed has been reported for the 
river since 1963. Prior to Glen Canyon Dam the annual 
mean reported at Lee's Ferry was 5,570 mg/liter of sus­
pended sediment and 8,050 downstream 80 miles. There 
were maximum records of 152 grams per liter at the 
gaging station between the Little Colorado's mouth and 
Bright Angel Creek. 

Vertical Light Penetration 

Although turbidity measurements were made on 63 
small samples, the data from these tests do not 
quantify the penetration and diminution of light in the 
stream from which the samples were taken. A light path 
of 2.54 cm is quite different from the real world of 
the Colorado River, where light of many wave lengths 
impinges on the surface from many angles and is de­
flected as well as absorbed by materials that may 
change concentration in the downward light path meas­
ured in meters, not centimeters. On the June, August 
and March trips, Secchi disc transparencies were 
determined at at least five stations in the Colorado 
River, and from those values some approximations about 
light phenomena within the river can be made. 

The Secchi disc values are assumed to bear a re­
lationship to the coefficient of vertical light 
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attenuation so that 1.7 divided by the Secchi-disc 
depth in meters should yield a fair approximation of 
the coefficient, ~ (Poole and Atkins, '1929). This is, 

In 10 -In 1 z 
k = z 

where 1z represents the remalnlng intensity of light 
having passed through a water column of z meters, the 
original intensity at zero depth being ~Ow 

Because the vertical decrease_ of 1 ;ight may be due 
to more factors than just absorPt:ion, weare speaking 
of the coefficient in morege~eral terms such as 
diminution, attenuation, etc. Natural logarithms are 
used in expressing it, however, so that i tis not the 
coefficient of extinction (where logs to ~he base,l~ 
are used) although the general idea is obviously 
similar (Strickland, 1958). 

Using the Poole-Atkins facto~ 1.7 leads to another 
useful approximation. The depth of the euphotic zone 
(the subsurf ace level where only one perce-nt of, the 
surface light remains) is the product of the Secchi 
disc depth and 2.7. The latter value comes fram: 

'-kz 
0.01 = e -

where k is 1.7/z, z being Secchi-dlsc depth in m. This 
is close to the rule-of-thumbfactor, 3.0,. used by many 
limnologists to estimate the level where 99% of the' 
incident radiation has been queriched in it~d6wnward 
path. 

At the start (LeeJs Ferry), the Se~chi disc tead­
ings were 5.8, at least 6.0 and 3.1 m in June, August 
and March, respectively (Tables 6 through 8). - From 
these can be inferred "absorption" coefficients (k) of 
0.293, 0.283 and 0.548. The corresponding trans--
mi ttances, T, expressed as percentage's of 1 ight' passin'g 
down through each meter-thick strat.um, were 74.6, 75.4, 
and 57.8 percent. A further step shows that 1.0% of 
incident light would have remained at 15.7, 16.2 and 8.4 
m on the three days in question, if the river were that 
deep at Lee's Ferry. 

9 

063428 



.. \" .... 

.;'. 

, I 

Although the Little Colorado River was not flood­
ing during the June float, at a point (River Mile 71) 
past its mouth (Mile 61.5) until the end of the trip 
at Diamond Creek the Secchi disc disappeared 1.1 m 
below the surface. Thus k was 1.55, Twas 21.3%, and 
the euphotic zone extended to a depth of not quite 3m. 
This situation implies that, although turbidity con­
tributed by the Little' Colorado River plays a remark­
able part in reducing light penetration in the main 
stream, it does not appear to be solely responsible • 

In August and March the Paria River, was carrying 
a greater load of suspended material than it had in 
June 1975 (Tables 6 through 8). The results were 
marked reduction~ of Secchi disc transparencies down­
stream. The August data include Secchi disc values of 
4.1 at Mile 5 and only 0.55 at Mile 18. These suggest 
that greater mixing had come about at Mile 18 and that 
the Paria flows discretely for a few miles after 
entering the Colorado. 

When the Little Colorado was reached in August, 
it was found to be relatively clear, carrying water 
originating mainly from Blue Springs. It flooded while 
the party was camped below and the murky water caught 
up with them and stayed for the rest of the trip. This 
reduced visibility of the Secchi disc to depths of 
0.06 m at Mile 132 and 0.04 m at Mile 213. Coefficients 
of vertical light attenuation were then 28.33 and 42.50, 
respectively, implying transmission values of practi­
cally zero. The theoretical euphotic depths extended 
only to 0.16 and 0.11 m below the river surface. 

Floodwaters from the Paria and the Little Colorado 
had marked effects on light penetration; the other 
tributaries seemed to have no discernible impact. It 
is especially the Little Colorado, when carrying runoff 
from above the Blue Spring region, that probably re­
duces photosynthesis to an extremely low level, and 
that certainly gives the Colorado River a muddy'charac­
ter, reminiscent of pre-dam days. 
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Specific Conductance 

. Tables 1 through 4 and 25 show conductivity data 
in terms of micromhos per cm referred to 25°C. These 
data are expressions of·the electrolytes present 'or the 
general salinity of the waters. The conductivity meter 
used in making the assays has a Logarithmi'c ;scale with 
numbers crowded in the upper ranges; for this reason 
some dial readings, although setcio\'.Tn I?r~<:::i,~e1.Y~. may be 
only close approximations. 

There are some irregul ari ties :in th'e data" but the 
average conductance in 25 samples from the Colorado 
River was 940 micromhos per cm.This' 'is also close to 
the mean of data collected atthe~final downst~eam 
station,936. At Lee's Ferry, the mean conductivity was 
921. The highest conduc:tances were found .during April­
May, 1975, averaging 977; the lowest were recorded in 
November,when a mean of 873-micromhos/cm prevailedi 

Usually the 'Colorado River had its conductance 
surpassed only by-the Little Colorado River, Kanab 
Creek and, rarely, the Par fa River. Elves' ,Chasm" 
Havasu Creek, and Diamond Creek' are the only, ot'her 
tributaries that approach it in electrolytic activity. 

Conductivity figures. have value because theyre~ 
late to total salinity and filtrable r~sidue. In'a 
given body of water it is possible,'toestablish. 
empirically the ratio of'TDS to conductance. The re­
sultant £actor can be used to convert conductivity to 
TDS, thereby eliminating the need for tedious evapora­
tion and weighing procedures. In Tables 15, 16 and 17 
the TDS!conductivity ratios are shown for various, ' 
waters in the Grand Canyon system. For the Colorado 
Ri ver . proper ,the meanf actor to convert micromhos " 
conductivity at 25° to mg per liter of filtrable 
residue is 0.68. Simil~rly, the sum of the seven major 
ions, in meq per liter, is approximated by multiplying 
Colorado River 'conductivity by 0.02 (Tables 23, 24, 26). 

Extreme conductances in the past have ranged from 
approximately 318 to 2,430 at Lee'S'Ferry,and up to at 
least 2,900 micromhos/cm at 25° in stretches below the 
Little Colorado. Striking annual fluctuations, 
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effected by the spring freshets and low-water periods 
at other times, seem to be damped and obscured by the 
Glen Canyon Dam~ The same can be said for all other 
parameters relating to total salinity. 

CHEMICAL NATURE OF THE COLORADO RIVER 

Total Dissolved Solids 

The Colorado River is characterized by a mean 
filtrable residue of 643 mg/liter (Tables 1 through 4, 
25). This was determined by evaporating 24 membrane-

'. f il tered water samples to constant dryness. In April~ 
May, 1975, the TDS values were highest. The mean at 
Mile 0 was 623 and at the most downstream station was 
644 mg/liter. With one exception, the lowest filtrable 
residue was found at Lee's Ferry. Often higher figures 
were found at intermediate stations--Miles 71, 125 and 
165, for example. As might be expected on the basis of 
the conductivity data, only the Little Colorado River 
and Kanab Creek had consistently higher TDS values. 
The Paria River in March 1976, however, surpassed the 
TDS of Mile 0 about 1.5 times. 

There are problems associated with the procedure 
of taring vessels and evaporating water for the TDS 
method. A ,reaso'nable check is to compare cal cuI ated 
TDS sums with results of the evaporation procedure. 
This was done for all the waters except for August, 
when cation data were not available; the values are 
Bet forth in Tables 1, and 2.· The calculated values 
include summation of the seven principal ions plus 
silica, phosphate and nitrogen (Tables 14 through 17). 
All bicarbonate values were converted to carbonate, 
employing the factor, 0.4917. Trace elements were not 
included in the summation. The results were a mean of 
565 mg/liter, the waters at Mile 0 containing 552 and 
the samples from near the end of the trip having a mean 
of 570. As before, some intermediate stations had the 
highest totals • 

In April-May 1975, the lowest TDS found by 
evaporation was at Mile 225, agreeing with the calcu­
lated rank (Table 1). There were three other con­
currences of the evaporation and calculation methods 
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for determining the lowest and/or highest ranks. These 
were from e ightpossible compar isons ; "the 'incomplete 
November data precluding estimation of TDS. In con­
trast to this agreement of O. 5;; the 'concurrence between 
conductance and TDS by evaporation wcisonly O. 2 ~ , " ' 

I ., • • 

Other estimates of the concehtrationsof dissolved 
substances in'the waters of theCo16rado River were 
sl ightl y different. These involve'd, the sUm' of' mill i­
equivalents (meq/liter) in Tables 9: through 13, and !J, 
the ionic strength (Tables' 18 ·through 21) • When there 
was no great input from the trib~taties t~s in June and 
August 1975), there was ,an Idea:l·increase ih' meq/l'iter 
to the highest figure at·the final station~ The mean 
of meq/liter was lower at Lee's'PerrythCii1 at the 
ultimate station, althOugh some intermediate spots had 
higher concentrations. " The increment of ionic '-s'trehgth 
contributed by each ion was such that the first station 
had the lowest mean value for !J; the final· station 
ranked only third and ihtermediate statiohsof'the',' 
Colorado were'highestin ionic strength. 

The April-May sum of meq/liter in the Colorado 
River was surpassed by the Little Colorado, but the 
ranking of iOnic strengths was reversed. This cai1be 
attributed to the higher calcium and sulfate values in 
the main stream, each of'whic.hcontributes a signifi­
cant increment in ionic strength~ and the subequal 
magnesium values in the two water course$., (Magnesium 
ion contributes the greatest incremerit olall the major 
ionic components.) This shows the use of ionic ' 
strength for comparingsalini~y concentrations is not 
suitable for entirely different waters. 

Ionic Proportions 

The concentrations of the principal ions in the 
Colorado River can be found in Tables .. 9 through 13. 
Their proportions are plotted on triarigular. coordinate 
paper in Figures 2 through 5. As f~ra~ anionic pro­
portions go there is little change fro~ ~iver Mile a to 
Diamond Creek, about 225 miles ,down$tream •.. The water 
starts as a sulf ato-carbonate type ,or'. be'tte,r~-a "triple" 
water, with chlorides, s~lfatesand carbonaies in no­
table amounts "to use a scheme pr~sel1ted;.byCl arke. 
(1924). It terminates as such, although there are some 
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slight changes al.ong the river's course. 

The stations above the Little Colorado River had 
relatively more sulfate than those below during the 
April-May (Figure 2) and the June flows (Figure 3), 
with a slight comparative gain of chloride and car­
bonate. The cations, Ca++, Mg++, and the sum of Na+ 
and K+ were nearly equal on a percentage-of-meq basis, 
although sodium usually surpassed the others. During 
the June trip, when the Little ColoradO River and other 
major tributaries were not in flood, calcium slightly 
exceeded the sodium throughout the river. In August 
this was also true of the upper 19 miles of the river, 
and in November calcium barely surpassed sodium at 
Lee's Ferry. In every other sample sodium was pre­
dominant (Tabl.es 9 through 13). 

Livingstone (1963) presented data on the average 
chemical content of the world's rivers. In his summary, 
the major cations are shown in this sequence: 

Ca++ > Mg++ > Na+ > K+ 

and the anions display the following order: 

co = > SO = > CI 
3 . 4 

The Colorado River water differs from these by showing 
the following rankings: 

Na+ > Ca++ > Mg++ > K+ 

and 

504= > C0 3= > Cl 

The Colorado River also has a total solute content five 
times greater than the mean for the world's rivers, 
although only about 0.5 to 0.8 times the silica. With­
out the influences of the major tributaries in the upper 
reaches of the stream, the Colorado River in the Grand 
Canyon would probably show the cation relationships 

Ca++ > Na+ > Mg++ > K+ or Ca++ ~ Na+ > Mg++ > K+ 
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The water is dlfficult to classify; the cations 
approach a "triple" condition, to borrow a term from 
Clarke (1924)~ In general, the water is much like the 
low-salinity, humid-subtropical river-lake water of 
Chebotarev (1956). Surprisingly, potassium is 
extremely scarce in all the streams in the Colorado 
system examined here. One might expect it to assume 
more prominence, as in the category, steppe rivers 
and lakes, proposed by Chebotarev (1956). 

Ionic Strength 

The ratio of ionic strength (~) to total dissolved 
solids varies from water to water, because different 
ions contribute different amounts to the sum. Mag­
nesium, for example, contributes about 1.6 times as 
much as does an equal weight of calcium. Despite this, 
the empirically derived ratio from one particular 
aquatic system is useful for skipping the tedious work 
of calculating ionic strength. It yields a coefficient 
that can be used to obtain ~ from TDS. Such ratios are 
shown in Tables 22 through 26. For the Colorado River 
the mean factor for ~/TDS is 2.145 x 10-5 • 

. Langelier (1936) proposed the factor 2.5 x 10-5 

and Kemp (1971) modified this to account for non ionic 
substances, such as silica, which are part of TDS--
2.5(TDS-20) x 10-5• Cole (1975) found the mean factor 
for converting TOS in mg/liter to ionic strength was 
2.60 x 10-5 for 21 Arizona waters, none of which were 
exactly like the Colorado River in ionic proportions. 

Ionic strengths of Colorado River samples, then, 
can be determined from conductivity readings adjusted 
to 25°C. The factor would be about 1.46 x 10-5• The 
ionic strength becomes of special import when states of 
calcite equilibrium are being calculated, and activity 
coefficients of C03=, HC03-, and Ca++ must be known. 

Hardness: Calcium and Magnesium 

Hardness is a concept that appears in many reports 
on water quality. For that reason, though we did not 
determine hardness titrametrically, we have calculated 
calcium-magnesium hardness in terms of mg/liter of 
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CaC03. The data are presented in Tables 19 through 21 
and 25 as TH (total hardness) even though the role 
played by manganese, iron and other heavy metals is 
not known. The average hardness for all five floats 
was 255 mg/1iter expressed as CaC03. Surprisingly, the 
softest water was rarely at Mile 0, ~nd usually the 
last station showed a diminution. 01.irmean is somewhat 
lower than the average from USGS report? made in 
earlier years. 

If it is assumed that total alkalinity (TA) titra­
tions, also expressed ~s mg/1iter of CaC03' represent 
carbonate hardness, the' difference between TH and TA is 
an estimate of non carbonate hardness: Thls,i's'too 
ideal because NaHC03 , for e)(arrip'~e, woiJrd contfj,b£lte to 
alkalinity titrations, butwoul'd have nothing. to do 
with hardness. The ratio~ of alkalinity ~o_Ca/Mg hard­
ness are shown in Tables 19 through 2";l. For the 
Colorado River, the mean is 0.59 implying (with certain 
restrictions) that almost 60% of the hardnes~i~ non­
carbonate., According to Durfor and Becker (1964), 
water above 180 mg/1 iter is "very hard~.1-' 

Calcite Equilibrium 

Except for a June datum from Shinumo Creek, the 
only waters of the entire system that'were not satu­
rated with CaC03 were from the Colorado River (Tables 
18 through 21). At least the first 19~m~le flow was 
undersaturated at all times, and during M~i~h the 
water did not attain eqtii1ibrium until Mile 189 was 
reached~ The calculated pH of saturation (pHs~rang~d 
from 7.74 to 8.06. The highest pH observed in the 
Colorado River was 8.2; therefore, no pheno1p~t'hcHein 
alkalinity was noted. . . 

" ;', 

~' - ~'.,'~ 

Certain ionic ratios ·a're instructive.in attempting 
to discern the calcite equilibrium picture; and to 
detect precipitation or dissolution that might-have 
occurred to establish equilibrium. The first,of these, 
calcium to magnesium, is shown in Tables 18 through 21 
and 25. The results are not clear, howe.ver. Except 
for March 1976, there were sl ight decreases in the ratio 
downstream. This suggested calcium cOmpounds were 
being precipitated to a small extent, -producing 
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relative increases in magnesium, as the water flowed 
along. 

Similarly, the C03:Cl or the C03:S04 ratios might 
imply something about a loss of carbonate' as the ~ore 
soluble chloride and sulfate compounds persist. There 
were, however, no cle ar;.,.cut trends, and certain1 y the 
addition of chloride and sulfate from tributary in- . 
flows would obscure sequences occurring lnthe stream. 

Another relation~hip, calcium td sodium, was 
calculated and presented (Tables 22 through 26). This 
ratio usually lessened below the Little Colorado River 
(especially on the April-May and August floats). At 
times there was an approach to initial values again by 
the time the last sampling station 0as reached. The 
ratios of monovalent cations to divalent cations (based 
on meq) changed little, although there were generally 
slight increases (Tables 22 through 26). 

All of the abOVe, suggest that the ten or so 
tr ibut ar iesbetween Lee's Fe'rry and Diamond Creek ,have 
effects that, although slight at a·cursory glance, may 
be greater than is obvious. There are constant inputs . 
of varioui mixtures of ions, mos~ of which are quite 
different from the combinations in the Colorado River. 
This disturbs any natural sequence of events tha~ might~ 
occur through time as evaporation, concentration and 
warming proceed. For these reasons, the ratios dis­
cussed abOve do not reflect calcite saturation purely. 
and simply. 

The calculations (Tables 18 through 21) ~or indices 
of saturation and degrees of saturation (0) produced 
some information, however, concerning the state of cal­
cite equilibrium in the Colorado River. The average of 
all pH is above the mean theoretical pH of saturation 
(pHs), suggesting that the river is usually in equilib­
rium or slightly saturated with calcium carbonate. 
This is especially true in the lower reaches. 

Closely related to the state of calcite -saturation 
are free C02,' carbonic acid and pH. There were enough 
data to calculate the C02~H2C03 values precisely for 
April-May, June, August and March. The free C02 
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generally decreased downstream (Table 18 through 21). 
As might be expected, pH values rose concomitantly. 

Plant Nutrients 

Silica has been a component of water-analyses 
reports for many years; this provides us with a com­
parative base to evaluate this compound in the Grand 
Canyon system. We are considering it a plant nutrient 
because it is essential to diatoms, an algal group 
important in the river. 

Cole (1963) summarized the values for silica in 
waters of the American Southwest and Middle America. 
Later he listed some Si02 data from Arizona waters 
(Cole, 1975). In general, the small ponds along the 
Mogollon Rim from near Baker's Butte to, and including, 
the artificial Woods Canyon Lake, have very little 
silica--trace quantities only. These bodies of water 
are termed the Potato Lake Series after Whiteside 
(1965). Similarly, the lakes of volcanic origin around 
Flagstaff do not have large amounts of silica. Many 
other Arizona waters are fairly high in this compound, 
well above the mean of 13 mg/liter for the rivers of 
the world (Livingstone, 1963). By contrast, the 
Colorado River within the gorge of the Grand Canyon is 
relatively low (Tables 14 through 17), containing no 
more than half the Si02 of the Arizona waters reported 
by Cole (1975). Havasu Creek and Diamond Creek are the 
only waters in the Grand Canyon system that showed more 
than 20 mg s il ica per 1 iter, a level that is not" par­
ticularly high for certain waters in the state. 

The phosphorus levels (Tables 14 through 17) re­
ported from the Grand Canyon waters are based on 
determinations of soluble, reactive, inorganic phos­
phate only. Total phosphorus and organic phosphorus 
are unknown quantities. 

In the Colorado River, the inorganic phosphorus 
(calculated from ortho-phosphate x 0.326) ranged from 
about 10 to 235 mg per m3 • If we assume that inorganic 
phosphorus is usually about 12% of the total P (see 
Wetzel, 1975, Table 12.2), we can make some estimates. 
Using the factor 8.0 for sim~licity's sake, the total P 
ranges from 50 to 1,880 m9/m. This leaves us with 
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high estimates. Hutchinson (1957) showed the mean of 
samples from several lake districts w~s abdut 21 mg/m 3 , 
and Vollenweider (1968) categorized eutrophic waters as 
those containing from 30 to 100 ,and hyper-eutrophic 
examples as those with more than 100· mg/m? total "P. 

Nitrogen assays (Tables 14 through 17) were lim-' 
ited to nitrate and nitrite; ammonia and organic 
nitrogen compounds were not tested.· For this reason, 
nitrogen estimates~ like triose of P, are too low~ 
Vollenweider (1968) shows a classification of waters on 
the basis of inorganic N content. "The Colorado River 
ranges" from ultraoligotrophi~ (Mile 0 and 71, April) to 
mesotrophic and eutrophic at other times. The N/P 
ratios, shown in Tables 14 through 17 are typical of 
mesotrophic to eutrophic waters (Vollenweider, 1968). 

The tests for phosphorus and nitrogen show little 
evidence for pollution or for lack of it~ Havasu Creek 
waters might reflect, for example l the use of deter~ 
gents and the campground upstream, but the results are 
most inconcl usi ve. . If there are sources of nutrient 
overload in the upper reaches cif "stream~ such as Havasu 
and Kanab Creek, the effects are'biologic~lly 'neutr~l~ 
ized by the time the waters reach the main stream. Our 
sampling had limitations in that it was -done only near 
the mouths of the tributaries and preCluded further 
comment ~bout the streams as potential sources of 
pollution and/or nutrient. The interesting alterations 
that may well occur as the creeks flow from their 
sources to the Colorado River can not be seen from one, 
nearly-terminal station. 

We are left only with th~ impression that the 
Colorado River, in addition to the common salts, is 
rich in essential plant nutrients, and has the" poten­
tial to be a productive system. 

Whether or not the low temperatures and poor light 
penetration (at times) may limit productivity cannot be 
told at this time. The N/P ratios suggest that nitro­
gen rather than the usually scarce phosphorus " might 
become a critical limiting factor to the river's algae. 
There is abundantphosphorus~and it might be found 
some day that any factor limiting alg~l growth in the 
Colorado River is to be desiredc 
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CHEMICAL NATURE OF THE TRIBUTARIES 

The relative ionic composition of the tributaries 
entering the Colorado River within the Grand Canyon are 
diverse (Figures 6 through 9). Elves' Chasm is very 
much like the Colorado River itself, especially with 
respect to anions and the NIP ratio. The Paria River 
most closely approaches Elves' Chasm, and its waters 
also are much like the Colorado especially where 
cations are concerned. These three come closer to the 
category, "triple" water (Figure 1) than any other 
stream considered here. Further comparisons of these 
waters can be made from the data presented in Tables 9 
through 13. 

Paria River 

The Paria River enters the Colorado River 0.3 
miles below Lee's Ferry. Estimations of its drainage 
area range from 1,410 to 1,570 square miles in the 
Escalante Mountains and the Paria Plateau of Utah. It 
has been partially monitored for many years. From 1923 
to 1966 recorded flow at its mouth ranged from none to 
16,100 cfs; the mean was 29.9 cfs. At times its effect, 
therefore, on the Colorado River must be consequential. 
It has been called, " ••• probably ••• one of the 
largest sediment carriers of its size in the world; the 
river has a mean discharge-weighted suspended-sediment 
concentration of 114,000 ppm near its mouth" (Ligner 
~ al., 1969). 

The effect of the Paria on the Colorado is not 
immediate; when it is milky with suspended solids and 
easily differentiated from the clear Lee's Ferry water, 
it can be seen to remain as a discrete flow for at 
least five miles below its mouth, mixing more or less 
completely somewhere below that point. 

Although the maximum conductance known for the 
Paria River near Lee's Ferry is 3,000 micromhos (USGS, 
1969), the figure of 1,075 in April 1975 might be 
spurious; the ratio of filtrable residue to conductance 
(Table 1) was abnormal at that time when compared with 
results from other trips (Tables 2 through 4, 25). The 
conductance of 1,248 micromhos in March 1976, a figure 
that surpassed the Colorado River estimation, is 
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acceptable, however. 

The waters of the Paria reached the Colorado River 
supersaturated in calcite (Tables 18 through 21). On 
two occasions it exhibited phenolphthalein alkalinity, 
a feature noted at nci station in the Colorado River. 
When the flow in April was fairly high and extremely 
turbid, chemical analyses were difficult because of the 
calcareous nature of the suspended solids. Particulate 
CaC03 was present in amounts we estimated to be from 0.3 
to 0.5 g per liter. The strong acid used in alkalinity 
titrations tended to dissolve the colloidal (1) CaC0 3 
and no stable endpoint was reached. . 

The Paria ranked first among the members of the 
entire system iri nitrogen, and~as very high in . 
phosphorus. In silica content its waters shared a 
three-way tie for third place with Elves' Chasm and 
Kanab Creek (Tables 14 through 17). 

Fluctuations were extreme in the Paria River. 
Its flow one evening would be, for example, quite re­
duced by the next morning. Moreover, its total and 
relative ionic composition were variable (Tables 9 
through 13; Figure 6). It brings to mind the shifting 
physico-chemical condition~ described for the Colorado 
River prior to the existence of Glen Canyon Dam, and 
underscores the danger in generalizing on the basis of 
analyses from one date. 

The Dolomitic Tributaries 

Five tributaries are very much alike in water 
chemistry and, although they enter the Colorado River 
at widely separated spots, their origins are similar. 
These are Vasey's Paradise, Bright Angel Creek, Shinumo 
Creek, Tapeats Creek and Deer Creek. Their junctions 
with the . river range from Mile 32 for Vasey's Paradise, 
to Mile 136.2 for Deer Creek, but they ultimately re­
ceive their waters from the Kaibab Plateau (Huntoon, 
1974). The fact that they arestrorig carbonate waters 
with more or less equal proportions of calcium and 
magnesium and very low quantities of sulfate, chloride, 
and sodium may be attributed to the natu~e of the 
Kaibab Limestone. Some chemical data from Galbraith 
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and Brennan (1970) give a 1.4 value for the ratio of 
CaC0 3 to MgC0 3 in'the Kaibab Limestone. Thus, the so­
called limestone is actually characterized by a very 
significant magnesium content. It approaches a mag­
nesian limestone. The springs that issue to create the 
five tributaries are largely from the Muav Limestone, 
although Vasey's Paradise springs from a cave 40 m up 
on a Redwall Limestone cliff. 

The five streams had the highest Ca/Na, C0 3/CI 
and C03/S04 ratios and the lowest monovalent to divalent 
ratios of the entire system (Tables 22 through 26). 
The ratio of their alkalinity titers to hardness, both 
expressed as CaC03 , approached unity, suggesting their 
hardness was largely the carbonate type (Tables 18 
through 21). 

These streams contain dilute waters when compared 
with all the others in the Marble Canyon-Grand Canyon 
system (Tables 1 through 4, 9 through 13, 25). Dur ing 
our period of study, Vasey's Paradise and Deer Creek 
were the most concentrated, and Bright Angel was the 
least. There is, however, relatively little difference 
in their salinities and they vary seasonally to some 
extent; earlier reports (e.g., Johnson and Sanderson, 
1968) show different positions, Bright Angel being the 
most concentrated water, for example. 

The ~xtremely low N/P ratios exhibited by four of 
the five dilute calcium-magnesium carbonate streams 
(Tables 14 through 17) are owed to both low nitrogen 
content and h~gh phosphorus levels.~e exception, 
Vasey's Paradise, yielded samples containing abundant 
stores of nitrogen (fourth of all the waters). Its 
relatively high nitrogen content put the Vasey's 
Paradise N/P ratio among the three highest, while the 
four other dilute calcium carbonate streams were last 
in the list for the whole river system in this respect. 

The five dilute dolomitic waters showed the low­
est standing in silica content (Tables 14 through 17). 
Just above their position lay the average for samples 
from the Colorado River proper. 
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The degree of calcite saturation (0) was calcu-
I ated for all waters when enough data were avail able 
(Tables 19 through 21). The five influehts in question 

. arrived at the Colorado River with their waters over­
saturated in CaC0 3 , except for one June day at the 
mouth of Shinumo Creek. Shinumo ranked last in the 
degree of saturation, while the overall first rating 
went to Deer Creek, with Vasey's Paradise second. 
These last two waters undergo the greatest agitation 
and aeration just before entering the main river. Deer 
Creek plunges over a 50-m waterfall a short way from 
its mouth, and Vasey's Paradise cascades from an open­
ing in a cliff set back a short distance from the 
Colorado. 

v"hen Bright Angel Creek warmed, as it did in June 
and August when it reached 18° and 26°, respectively, 
the solubilities of calcite and CO2 were decreased to 
such an extent that precipitation oecame a requisite 
for equilibrium. Then with the pH well above the pH of 
saturation, calcite theoretically precipitated. In 
contrast, when the vernal water temperatures were low 
(Tables 18, 21), Bright Angel Creek had the least 
degree of saturation of the five dilute waters. 

Only Diamond Creek exhibited more consistent 
phenolphthalein alkalinities than did the dolomitic 
creeks. That may have been a function of its "soda­
water" nature (Figure 9). 

The Little Colorado River 

The Little Colorado River drains an area of 2.69 
x 10 4 square miles in Arizona and New Mexico. The flow 
at its mouth (Mile 61.5) is derived from the variable 
surface runoff in that great area and the more nearly 
constant discharge from at least 29 seeps and springs 
issuing from the Redwall Limestone from 3 to 13 miles 
upstream. Their mean rate of flow is 223 cfs. The 
largest of these sources is Blue Spring, which drains 
the Black Mesa hydrologic basin and discharges about 
67% of the groundwater that moves through the aquifers 
of that basin (Cooley et al., 1969). 

When flooding occurs in the upper reaches of the 
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Little Colorado, tremendous quantities of particulate 
matter are dumped into the Colorado River (Tables 5, 
8). The greatest flow of the former was in April 1975, 
and at that time the water was the least concentrated. 
In March 1976, even though the suspended sediment 
carried was only about one-tenth that of a year earlier, 
Secchi disc data provide some information about the 
remarkably poor light penetration in the flooding Little 
Colorado River (Table 8). The coefficient of "absorp­
tion" (~) was 28.3, implying the vertical light trans­
mission was less than 0.001% per meter! At a spot 3.5 
miles below that mouth of the Little Colorado River the 
mixing appeared incomplete (k = 2.70), but at Mile 126 
the coefficient was 21.25, showing the great effect 
that the particulate load from the Little Colorado has 
on the Colorado River. 

When the flow from the Blue Spring outlets was 
undiluted by upstream input in the Little Colorado, the 
water was too saline for our conductivity meter to 
register, being somewhere above 2,050 micromhos. In 
the April sampling period we were able to determine a 
conductance of 1,246, because the Little Colorado was 
relatively dilute (although strikingly turbid). We 
estimated the June and August samples to have electro­
lyte strengths equivalent to more than 4,170 micromhos/ 
cm. In November and the following March, deionized 
water was available and the samples were diluted. With 
the appropriate corrections, the conductance was 
estimated to be 5,800 and 4,500, respectively. 

The Little Colorado is essentially a sodium 
chloride water (Figure 6). It carries, however, re­
markable amounts of carbonate and the alkaline earth 
metals. When the issue from Blue Spring is diluted by 
upstream flooding, it reaches the Colorado River in a 
condition more unchanged from its source than when it 
flows alone to the mouth. This is seen in the April­
May plot when compared with the other ordinations (Fig­
ure 6), where shifts toward the NaCl corner are seen 
clearly. In April-May the water was closer to the 
calcium carbonate corner. The distinction must be made 
between changes in relative composition and changes in 
total concentration. When the Little Colorado River is 
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diluted by flooding, the water at its moyth is similar 
in composition to Blue Spring, but far less mineralized; 
the degree of calcite saturation is high, because little 
of this mirieral has precipitated. When it is not 
flooded, the water arriving at its mouth is like Blue 
Spring in total mineral content, but the ~elative co~­
position is somewhat altered, CaC03 having precipitated. 

When the waters from various sources of Blue 
Spring arise, they probably carry about 500 mg/liter of 
gaseous C02. This statement is founded on the calcula­
tions of Cole (1975) from data that may not be 
accurate. He calculated 423 mg/liter,but the water 
sample was not fresh; it was slightly oversaturated 
with CaC0 3 (0 = 1.06) and the pH ~a~6.5.T~e water 
probably emerges with more free C02a~d a gr~ater 
hydrogen-ion concentration, although Johnson and 
Sanderson (1968) reported pH 6.5 from a spot 13 miles 
upstream from the mouth. By the time it r.eaches t,he 
Colorado River much C02 has been lost and CaC03 pr~~ 
cipitated in a trend toward equilibrium. On the April­
May trip the water at the mouth of the Little Colorado 
Ri ver showed a degree of saturation equal to 2.75. 
This water was turbid and diluted (~ = 0.01285) by run­
off from the drainage basin above the Blue Spring 
region. The June data revealed wa~er a~ the mouth had 
an ionic strength of 0.05049. This was very close to 
the ionic strength of the Blue Spring 'issue, at least 
0.05357 according to Cole (1975). The de~ree of 
saturation in June was 7.81. This was clear water, 
probably derived entirely from Blue Spring. Conditions 
were similar in August when the flow was much reduced. 

The ratios of C0 3= toCl- also are instructive in 
explaining further the effects of flooding on the water 
having its provenance at Bl ue Spring. Cole (1975) 
reported a ratio of 0.687 from Blue Spring proper; in 
April of 1975 the carbonate/chloride ratio at the mouth 
of the flooding Little Colorado River was also high, 
0.765. This suggests that, in addition to ionic contri­
butions from upstream, the Blue Spring issue was diluted 
and swept to the Colorado Ri verbefore cal,cium car­
bonate precipitation h~d occurred signifi~antly~ In 
June, August and March, the C03/Cl ratios were much 
lower (Tables 22 through 24, 26) implying carbonate had 
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been precipitated en rQute to the main stream. 

The discharge of March 1976 was probably greater 
than those of June and August, but less than that of 
the previous April. The result was strong sodium 
chloride water arriving at the Colorado (Figure 6). 
The ranking of flow rate is based on the assumption 
that the lowest sum of meq/liter represents the great ... 
est dilution of the Blue Spring contribution, and hence 
the greatest flow from above the springes). Also, the 
sums of meq, TDS, and ionic strength are inversely re­
lated to the sediment carried by the Little Colorado. 
It appears, then, that (1) when the Little Colorado is 
flooding and diluted, the Blue Spring issue arrives at 
the Colorado River in a less concentrated state, but 
otherwise relatively unaltered, and (2) when the Blue 
Spring is the only .source, the water arriving at the 
mouth of the Little Colorado is strongly concentrated, 
but its ionic proportions differ from the original 
effluent. 

Elves' Chasm 

At Mile 116.5, a minor tributary enters the 
Colorado River intermittently. The water is derived 
from a small grotto called Elves' Chasm and the dis­
charge is estimated to be from zero to 0.5 cfs at the 
mouth of the Colorado River (Johnson and Sanderson, 
1968). Its waters are rather concentrated and show 
anionic proportions much like the Colorado River and 
cation relations similar, but with far less sodium than 
the river (Figure 9). Whatever effect the water from 
Elves' Chasm has on the Colorado River would be masked 
because of their similarities. The impact must be in­
significant, however, because of the tiny discharge 
from the grotto. 

Kanab Creek 

Kanab Creek enters the Colorado River at Mile 
143.5. Although it drains some 2,000 square miles, its 
flow is continuous but not great--averaging about four 
cfs (Johnson and Sanderson, 1968). It is remarkably 
saline with a mean conductance of 1,422 micromhos/cm, 
a figure 1.5 times that of the Colorado River in Marble 
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Canyon and the Grand Canyon. It has a reputation as a 
remarkable sediment carrier, with a recorded 714g of 
suspended sediment' per liter near FredonIa (Ligner et 
ale , ' 1969). The highest figure we 'ascertained was 0.46 
9 per liter in March 1976 at its mouth ,some 40 miles 
downstream from the Fredonia gaging station. Its water 
temperature probably fluctuates about 20°C where it 
enters the Colorado River, and during the summer it is 
much warmer than the latter. Apparentl'y, however, its 
low rate of discharge b~ing~ about minimal contributions 
to the Colorado River. In times of flooding there may 
be except ions to the I ast statement. ' 

Kanab Creek stands uniquely in this system as an 
excellent example of a sulfate water (Figure ~). Its 
calcium ion surpasses magnesium by about 10% on a 
meq-per-liter basis, placing it in the category of an 
impure gypsum water. It exhibits the highest 
magnesium-calcium hardness and the lowest alkalinity/ 
hardness ratio of the main stream and all eleven 
tributaries (Tables 18 through 21, 25). It, therefore, 
has the highest non-carbonate hardness among' the 
streams of the entire system. Except for the five 
dilute dolomitic streams deriving their waters from 
the Kaibab Plateau, Kanab Creek has the lowest 'ratiO 
of monovalent to divalent cations (Tables 22 through 
26). We found it'lowin nitrogen and phosphorus 
except for an assay (spurious?) of 1~10 mg/fiter,of 
orthophosphate in April. It shares third place in 
silica concentration with Paria and ElVes' Chasm, being 
surpassed only by Diamond and Havasu creeks in this 
category (Tables 14 through 17). 

Kanab Creek arrives at the Colorado River with its 
waters supersaturated with CaC03; the calculated pH of 
saturation (pHs) was always below 7~61~Th~ degree of 
saturation (rn-averaged 4.7, with 1.0 representing 
equilibrium; only Havasu and Diamond creeks consistent­
ly showed a greater value for this. In the Colorado 
River, the degree of calcite saturation was usuallY 
higher below than it was upst~eam ofKanabCreek~ but 
this could not be attributed solely to the' entrahce of 
the latter. Three other tributaries had joined mean­
while. To complicate matters, the cold temperatures of 
the Colorado River would only serve to increase the 
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solubility of calcite arriving via the warm Kanab 
influent, and the inferior ionic strength in the main 
river would increase the activity of CaC0 3 by a factor 
of 1.3, thereby lowering solubility! 

Calculations based on June data show that the 
molality of calcium would be increased in the Colorado 
River from 1.79 x 10-3 to 1.791 x 10- 3, if the river 
flowed at 10,000 cfs and the Kanab at 4 cfs. Further­
more, if the Kanab had been flowing at a rate of 400 
cfs in June the calcium molality below its mouth in 
the Colorado would have been increased to 1.87 x 10- 3 • 
This is the same as if the river discharge had been 
5,000 cfs and the Kanab had contributed a volume equal­
ling its m~an of 4 cfs. The molality of Ca++ at Mile 
219 was 1.785 x 10-3 (Table 10). 

No stream contributed a greater concentration of 
sulfate to the Colorado River than did Kanab Creek. 
Despite this, the concentration below the Kanab was 
always less than the concentration above (Tables 9 
through 13). Wondering if the lower temperatures and 
ionic strengths of the Colorado River could lead to a 
decrease in the solubility of CaS04, we performed some 
calculations to answer this. Using the solubility 
product 2.45 x 10-5 at 25° (from the Chemistry and 
Physics Handbook, 56th ed.) we found that gypsum was 
undersatur~ted in June to a degree of roughly 0.32 in 
the Kanab. Despite the Colorado River being about 13°C 
at the mouth of the. Kanab and having half the ionic 
strength of the latter, two factors that would lessen 
the solubility of gypsum, the degree of saturation in 
the river was a~out 0.25 that of the Kanab. (Magnesium 
sulfate and sodium sulfate are many times more soluble 
than calcium sulfate and exploration of their states of 
saturation was not deemed worthwhile.) We are left 
with the conclusion that there is no precipitation of 
gypsum in the Colorado River below Kanab, and the 
decrease in meq/liter S04= from the river station above 
Kanab to that below must be a function of dil~tion from 
Tapeats1 Deer and Havasu creeks • 
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Havasu Creek 

Havasu Creek enters the Colorado River from the 
southeast at Mile 156.7. It arises in part from a 
series of seeps called Havasu Spring about 10 miles up 
a narrow canyon. The flow of Havasu Spring is some­
what stable, being in the neighborhood of 64 cfs (John­
son and Sanderson, 1968). At times the discharge must 
be significantly greater because the·~reek drains a 
large area of the Coconino Plateau. 

Havasu-Creek approached the Color~do River in 
salinity; its ionic strength was ro~ghly 0.,010 com­
pared with the river's range of 0.009 to 0.016. The 
stream carries carbonate water with cations dominated 
by calcium and magnesium. It is best categorized as a 
poor example of dolomitic water. Its relative ionic 
composition is much like the dilute creeks derived from 
the Kaibab Plateau on the opposite side of the river. 
For example, it can be seen in Figure 7 that it re­
se,mbles Tapeats Creek, but contains more chloride and 
scidium. Havasu is low in P and N, but rates second in 
Si02 (~. 14.5 mg/liter). 

Havasu Spring and its outflow serve as an excel­
lent example of differences between calcium and mag­
nes~um compounds, the latter being far more soluble. 
Cole (1975) used data from Hem (1959) to show that the 
Ca/Mg'ratio in Havasu Spring water {~1~59. Hem used 
the spring as an example of water with " .... calcium a 
major constituent." By the time the mouth of Havasu 
Creek is reached there have been significant changes, 
marked by upstream travertine deposits. The ionic 
strength of the'water has, been reducedfrbm 0.019 to. 
0.010 and the Ca/Mg ratio is lower; for' the latter, our 
mean figure (n = 5) was 0.65 in water at the mouth of 
Havasu Creek (Tables 18 through 21,~5)~ ~ea~while the 
C0 3/Cl ratio falls from 6.8 at the -spring- to 4.2 
(Tables 22 through 24, 26). ' 

Only Diamond Creek surpassed Havasu Creek in 
degree of calcite saturation as it poured into the 
Colorado River; the Havasu mean n was 5.4, compared 
with 6.4 for Diamond Creek. Cole (1975) showed the 
Havasu Spring water has a pHs of 6.79; it is about 7.5 

31 

063450 



, 
. :! 

32 

• ~, 
• .. u­z 

063451 



o (J
) 

(,
V

 
.t:>

. 
0

1
 

I\
.)

 

lA
l 

.lA
l 

'.
j 

F
ig

u
re

 
6

. 
P

lo
ts

 
o

f 
th

e
 
re

la
ti

v
e
 

io
n

ic
 

c
o

m
p

o
si

ti
o

n
 

o
f 

th
e
 
f
ir

s
t 

th
re

e
 
tr

ib
u

ta
ri

e
s
 
e
n

te
ri

n
g

 
th

e
 

C
o

lo
ra

d
o

 
R

iv
e
r 

o
n

 
fo

u
r 

tr
ip

s
. 

P
a
ri

a
 
R

iv
e
r 

w
it

h
 
c
lo

s
e
d

 
sy

m
b

o
ls

. 

F
ig

u
re

 
7

. 
P

lo
ts

 
o

f 
th

e
 
re

la
ti

v
e
 

io
n

ic
 

c
o

m
p

o
si

ti
o

n
 

o
f 

H
av

as
u

 
C

re
e
k

 
an

d
 
T

a
p

e
a
ts

 
C

re
e
k

 
o

n
 

fo
u

r 
tr

ip
s
. 

T
a
p

e
a
ts

 
w

it
h

 
s
o

li
d

 
sy

m
b

o
ls

. 

F
ig

u
re

 
8

. 
P

lo
ts

 
o

f 
th

e
 
re

la
ti

v
e
 

io
n

ic
 

c
o

m
p

o
si

ti
o

n
 

o
f 

K
an

ab
 

C
re

e
k

, 
s
o

li
d

 
sy

m
b

o
ls

; 
D

ee
r 

C
re

e
k

, 
o

p
en

 
sy

m
b

o
ls

; 
an

d
 

B
ri

g
h

t 
A

n
g

el
 

C
re

e
k

 
w

it
h

 
d

ia
g

o
n

a
l 

li
n

e
s
. 

F
ig

u
re

 
9

. 
P

lo
ts

 
o

f 
th

e
 
re

la
ti

v
e
 

io
n

ic
 

c
o

m
p

o
si

ti
o

n
 

o
f 

E
lv

e
s
' 

C
h

as
m

, 
D

ia
m

o
n

d
 

C
re

e
k

 
an

d
 

S
h

in
u

m
o

 
C

re
e
k

, 
th

e
 

la
s
t 

w
it

h
 

c
lo

s
e
d

 
sy

m
b

o
ls

. 



.~ : I 

for the water at the mouth of the creek where on two 
occasions the observed pH was 8.3. 

Diamond Creek 

At River Mile 225.8, just below the disembarkation 
point, Diamond Creek enters the Colorado River. Its 
flow is small--on the order of 2 cfs according to John­
son and Sanderson (1968) and its impact on the main 
stream must be minimal except during times of unusual 
flooding. 

Diamond Creek is interesting because it is one of 
the rare Arizona waters that can be classified as sodium 
carbonate, although not an unsurpassed example of such 
(Figure 9). This may account for the fact that it had, 
consistently, high pH values (Tables 1 through 4). It 
has a total salinity much like the Colorado River al­
though a bit less and, of course, with different ionic 
proportions. The Diamond Creek influent was always 
oversaturated with calcite, to the highest average 
degree in the entire stream system discussed here, and 
it had a low, Ca/Mg ratio. It had an unsurpassed 
alkalinity/hardness ratio (Tables 8 through 21) and, of 
all the waters, this one probably invalidates such a 
ratio as a measure of carbonate to non-carbonate hard­
ness. Its total alkalinity, although expressed in 
terms of CaC0 3 and averaging 325 mg/liter, is owed to 
the carbonates of alkali metals that play no role in 
water hardness. Only the Little Colorado had a con­
sistently higher ratio of monovalent to divalent 
cations, and a lower Ca/Na ratio. Diamond Creek, how­
ever, ranked first in Si02, carrying a mean of about 
~8 mg/liter. 

EFFECTS OF THE TRIBUTARIES 
ON THE COLORADO RIVER 

Because there is a tremendous volume of water in 
the Colorado River, contributions from its influents in 
the gorge of the Grand Canyon seem to have little 
effect. An exception to this is seen in the case of 
particulate solids and the resultant turbidity. 

Five of the inflowing creeks are the CaMg(C03)2 
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type, contributing small quantities of dilute water at 
higher temperatures than the river. There are inklings 
that dilution effects occur; warming is not obvious. 
Although the streams had high pH values and were super­
saturated with calcite, there was little evidence that 
they affected the Colorado River. Colder river water, 
however, probably immediately reduced the tendency of 
CaC03 to precipitate, and added to the calcium content 
of the river. 

The Paria River seemed to play a miniscule part 
in modifying the Colorado except for an increase in the 
suspended solids. The mixing was delayed somewhat, the 
Paria current remaining discrete for a few miles before 
mixing throughout the main stream. 

The effects of the Pariaand Elves' Chasm are 
masked because their ionic compositions are propor­
tionally much like the Colorado River. Also their dis­
charges were small, although not precisely known. The 
Paria's mean flow at its mouth is roughly 30 cfs, 
ranging from zero to 16,000 (USGS, 1947). The Elves' 
Chasm input is rather concentrated, but its flow at 
the river junction has been described as intermittent 
and its discharge is probably never much greater-than 
0.5 cfs (Johnson and Sanderson, 1968). 

Chloride is probably one of the best indicators of 
change in water chemistry in the 225 miles of the 
Colorado River considered here. Its compounds are 
extremely soluble and it would not be lost byprecipi­
tation. Its increase could be due to tributary input 
or evaporation's effect. The mean rise from Lee's 
Ferry to the last downstream river station was 0.51 
meq/liter, amounting to about 18 mg per liter. There 
was always an increase in the stat.ion belowth~ Little 
Colorado River when compared with the water at the 
station above (Tables 9 through 13, Figures 2, 3, 5); 
this suggests that the tributary has an .effect. In 
April-May and August, however, there were decreases 
from Mile 71 to the ultimate station, amounting to 0.45 
meq in each instance. In June there was no change, and 
in March the last station showed a 0.44-meq decline 
compared with Mile 65. The waters of the Little 
Colorado, then, seemed to have no great effect on the 
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water chemistry of the Colorado River despite the high 
salinity of the Blue Spring sources. The turbidity 
derived from the Little Colorado when it is in flood 
is another situation; its impact is enormous. 

To explore further the effects of the Little 
Colorado River on the salt load of the Colorado River, 
some computations were made on dilution phenomena. The 
average chloride concentration at the first river 
station above the mouth of the Little Colorado was 
1.64 meq/liter. This was 0.014 meq/liter.lower than 
the chloride at Lee's Ferry and was probably not sig­
nificantly different. The mean chloride content of 
the water in the Little Colorado River at its mouth was 
27.93 meq/liter (including the low of 6.43 in April-May 
when flooding was marked). If we hold the two chloride 
measurements constant and assume a mean flow rate of 
223 cfs from the Blue Spring sources, some information 
can be inferred about the diluting effects of the 
Colorado River. The results are shown in Figure 10, 
where the final theoretical concentrations of chloride 
are plotted against the Colorado's flow in cfs. The 
curve shows that the diluting effects increase strik­
ingly until somewhere around 10,000 cfs. After this 
each extra 1,000 cfs reduces the chloride by less than 
one-tenth of a meq per liter. The average chloride in 
the Colorado River at the next station below the Little 
Colorado was 2.27 meq/liter. From the curve in Figure 
10 the average flow of the Colorado River for the five 
trips was 9,700 cfs there. At 15,000 cfs the final 
mixture would have been reduced only to 2.03 meq of 
chloride. 

There has been some attention devoted to the 
increments of salt received by the Colorado from its 
tributaries, and especially the Blue Spring component 
of the Little Colorado. Gross modifications including 
damming and desalting manipulations have been proposed 
to alleviate the salinity burden imposed on the Colo­
radoRiver. At this time the plans have been abandoned, 
at least temporarily, they being economically, socio­
logically and aesthetically unacceptable. Important 
questions concern the actual status of the Colorado 
River before and after it passes the mouth of the Little 
Colorado River and flows toward Lake Mead and ultimately 
to the Imperial Dam. 

' .. 

063455 



o (J
) 

(,
V

 
.t:>

. 
0

1
 

(J
) 

w
 

-.
:]

. 

I - U
 

L Q
) 

+
' 

L Q
) a.
 

tT
 

Q
) E
 

7 5 4 3 2 1 o 
, o 

o o 

o 

.:
-~

:;
~-

1
0

 
F

ig
u

re
 

1
0

. 
R

e
s
u

lt
s
 

o
f 

m
lx

ln
g

 
L

it
tl

e
 

C
o

lo
ra

d
o

 
R

iv
e
r 

c
h

lo
ri

d
e
 

w
it

h
 
C

o
lo

ra
d

o
 

R
iv

e
r 

c
h

lo
ri

d
e
 

p
lo

tt
e
d

 
a
g

a
in

s
t 

fl
o

w
 
ra

te
 

o
f 

th
e
 
la

tt
e
r
. 

A
ss

u
m

p
ti

o
n

s:
 

m
ea

n 
d

is
c
h

a
rg

e
 

o
f 

L
it

tl
e
 

C
o

lo
ra

d
o

 
R

iv
e
r 

is
 

2
2

3
 

c
fs

; 
C

l-
fr

o
m

 
C

o
lo

ra
d

o
 

R
iv

e
r 

is
 

1
.6

4
 
m

e
q

/l
it

e
r;

 
an

d
 
C

l-
fr

o
m

 
th

e
 

L
it

tl
e
 

C
o

lo
ra

d
o

 
R

iv
e
r 

is
 

2
7

.9
3

 
m

e
q

/l
it

e
r.

 

o 
o 

o 
o 

o 

5
1

0
 

15
 

2
0

 
2

5
 

3
0

 

C
o

lo
ra

d
o

 R
iv

er
 F

lo
w

 
(1

03 
cf

s)
 



••• ':. I 

.' -"~. 

First, the Colorado River can be judged against 
various criteria. On the basis of industrial qualifi­
cations it is non-saline water throughout the 225-mile 
stretch in the Marble and Grand Canyon (Swenson and 
Baldwin, 1956). For drinking purposes, however, the 
water at Lee's Ferry is too saline, exceeding the 500 
mg/liter dissolved solids recommended as a maximum by 
the U. S. Public Health Service (1962). It has been 
this way throughout the span of time that the river has 
been studied. The U.S.P.H.S. allows, however, a two­
fold increase in salinity for occasional consumption 
and this is, of course, what applies to consumers on 
river trips. The increase from 623 to 644 at the 
ultimate collecting site represents a three-percent 
increase. Records from the gaging station between the 
Little Colorado and Bright Angel Creek show an increase 
of about 10% before and since the closing of the Glen 
Canyon Dam. This agrees somewhat with our data for 
collections in that segment of the stream, where we 
found'an 8% augmentation of TDS over the mean condi­
tion at Mile O. Our samples below Bright Angel were 
valuable in bringing to light dilution effects in 
lowering salt concentrations. 

Another standard that tells something about the 
Colorado River is the so-called SAR, the sodium ad­
sorption ratio. This expresses the relative activity 
of sodium ions in exchange reactions with soil--an in­
dex of the sodium or alkali hazards to agricultural 
soil. It is found from the following, using meq 
values, 

SAR = 

~C ++ M ++ a + 9 
2 

At all points in the section of the Colorado River 
we studied, the SAR is low and the increase averages 
0.2 from Lee's Ferry to the last downstream site. The 
means were 1.87 and 2.07 at Mile 0 and the ultimate 
sampling site, re~pectively. At a conductance of 940 
micromhos/cm @ 25 , any value from zero to 4.5 would be 
considered "low," and "medium" would range up to 10.5. 
On the basis of the SAR criterion, then, the Colorado 
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River leaves the Diamond Point region carrying 
acceptable water for irrigation. 

The dilution brought about by the less concen­
trated tributaries is important in alleviating whatever 
bad effects are owed to the more concentrated inflows. 
This should be kept in mind, whenever proposals are 
made fot reducing flows to the Colorado River. 

AQUAT IC INVERTEBRATE FAUNA 

A list of the aquatic invertebrate species 
collected from the Colorado River and its major tribu­
taries in Marble Canyon and the Grand Canyon is 
presented in Table 27. The list is far from complete 
because there were severe limitations on time, and lack 
of proper sampling equipment prevented thorough col­
lecting in these waters. In addition, sampl~s from the 
tributaries were always taken near their confluences 
with the Colorado; the fauna in upstream reaches may 
have been quite different. Taxonomic determinations 
were made to various levels, most often to the familial 
rank; the results were dependent upon the eomparative 
difficulty in treating a category, our current knowl­
edge of the group, and the familiarity of the investi­
gator with any particular group. 

Despite the shortcomings and incompleteness of the 
list, several valuable observations were made and some 
generalizations have come to light. Perhaps most 
striking is the difference in faunal composition between 
the mainstream and its associated tributaries. Signifi­
cant overlap apparently occurs only in three groups: 
oligochae~es, chirohomids and gastropods. The main­
stream appears quite unproductive, with p~rhaps the 
exception of a minor stretch near Lee' sFerry. The only 
consistent zooplankter found in the Colorado River was 
the copepod, Cyclops bicuspidatus thomasi. More 
diversity was found in those regions at the river's 
edges, including backwater marshes and side pools.· In 
such habitats were found a combination of the amphipod 
Gammarus lacustris, chironomid larvae, ostracods, 
oligochaetes and snails. 

Of the tributaries, three were conspicuously im­
poverished both in terms Of~pe~ies present and numbers 
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of organisms; these were the Paria River, Little 
Colorado River and Kanab Creek. A feature they share 
is the occasional heavy sediment load which produces 
unstable substrate conditions, thus eliminating many 
organisms that are found in the other tributaries. The 
Little Colorado in its lower reaches is also marked by 
the accumulation of calcium carbonate precipitates, 
perhaps further restricting the fauna. This same 
phenomenon is also typical of Havasu Creek as evidenced 
by the large travertine concretions present there. 
Here again, certain groups such as oligochaetes, chir­
onomids and mayflies were either absent or present in 
extremely low numbers. 

The faunas of Elves' Chasm, Tapeats Creek and 
Diamond Creek are more diverse than those of the other 
tributaries sampled. It is difficult to conclude any 
factor or factors held in common that would contribute 
to their higher diversity. Elves' Chasm is essentially 
a series of seeps and pools connected by shallow rivu­
lets; Tapeats is a rapidly-flowing stream that seasonally 
supports dense beds of water cress; and Diamond Creek is 
a slow-flowing, shallow brook. 

The invertebrates most heavily represented in the 
tributaries were the oligochaetes, ephemeropterans, 
trichopterans and dipterans. Within these groups, the 
baetid mayflies (Baetidae) and hydropsychid caddis­
flies (Hydropsychidae), along with the black-flies 
(Simuliidae) and midges (Chironomidae) occurred most 
frequently and were numerically predominant in the 
samples. Because of the previously mentioned limita­
tions in sampling and taxonomic determination, it is 
difficult to assess the presence or absence of rare 
groups, or to categorize the streams by similarities in 
their faunas. 

The value of this list (Table 27) is at least two­
fold. It provides limited information on invertebrate 
animals living within various aquatic habitats of the 
Grand Canyon National Park. Such information serves as 
a basic background for further studies, and particu­
larly for comparisons to be made at some future date. 
Second, the data may have suggested a path for future 
research and management policies: the faunql differences 
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between the tributaries and the main river suggest that 
information could be gained concerning the origin and 
flow of resource components utilized by consumer 
organisms (e.g., fish) in the Colorado River. Perhaps 
the mainstream consumers depend on food resources 
produced in the tributaries. There may be direct usage 
dependent upon foraging expeditions, or indirectly, 
invertebrate drift might be an energy source for 
predators in the Colorado River. Probably some valuable 
information could be derived from analysis of the con­
tents of fish guts. Thus, the value of the tributaries 
to the main river may extend far beyond their roles as 
contributors of nutrients and diluters of salts. 

Ultimately, the collections (on which Table 27 is 
based) will be deposited in the Museum of Northern 
Arizona, Flagstaff • 
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DISCUSSION AND CONCLUSIONS 

The data reported here represent the first study 
of changes in physico-chemical parameters that occur 
with time and space in the 225-mile stretch of the 
Colorado River from Lee's Ferry to Diamond Creek. 
There are many older records from Lee's Ferry and from 
a gaging station between the mouth of the Little 
Colorado and Bright Angel Creek. There is, however, 
very little information concerning conditions below. 
that station within the Grand Canyon. Thus, the in­
flows of at least eighttributarie.s, including Bright 
Angel Creek, have not been evaluated with respect to 
their effects on the Colorado for the 145 miles below 
the; aforementioned gaging station. 

A significant finding was that the salinity of the 
Colorado River is lessened somewhat by the streams 
entering below the Little Colorado River. The. river 
leaves the Diamond Creek junction wit'h a greater salt 
load than it had at Lee' sFerry, but not so great as 
might have been extrapolated from some upstream data 
(above Mile 88, the mouth of Bright Angel CreE;k). The 
diluting results of the river itself on the Saline dis­
charge it receives from the Little Colorado River, and 
the further ~ilution brought about by the sum of many 
small streams on the mixture in the Colorado River 
emphasizes the value of: (1) maintaining the· discharge 
of the. main river at as high, a level as possible, and 
(2) interfering as little as is feasible with the input 
from the tributaries • 

In many instances, concentrations of salts are not 
taken into account when the impact of saline springs, 
for example, are discussed. Usually the total mass of 
salts contributed per year is presented with no mention 
of the volume of water in which the material is dis­
solved. From the present study one could say that 
Havasu Creek contributes about 22,300 metric tons of 
salt to the Colorado River as it flows to the Imperial 
Dam and agricultural land to the south. It ignores the 
fact that the Havasu, flowing at 64 cfs and carrying a 
mean of 390 mg/liter TDS,dilutes the main river. Thus, 
if the Colorado were flowing at 10,000 cfs and carrying 
a mean of 644 mg/liter, the Havasu would reduce the 
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salinity to 642.4 mg of dissolved solids per liter, 
improving the water quality. 

Our use of the Secchi disc in addition to standard 
methods of evaluating turbidity and light penetration 
revealed some facts that have not been quantified be-

. fore. It is quite possible that the upper reaches of 
the river, no longer turbid until the Little Colorado is 
reached (or rarely when the Paria is carrying unusual 
amounts of sediment) would be a prodUctive area. The 
striking light penetration and the extensive benthic 
algal community might well support a cold-water fishery, 
a possibility only since the closing of the Glen Canyon 
Dam. This is speculati·on, because primary production 
has not been assayed, and the tremendous loss of free 
C02 from the waters below Lee's Ferry has not been 
evaluated in terms of physical or biological cause. The 
calculated C02 was far in excess of saturation at Lee's 
Ferry and its diminishing downstream, therefore,cannot 
be attributed solely to carbon fixation by green plants. 
The statements above are not to be construed as a 
recommendation that exotic stenothermal fish be planted 
in the Colorado system. 

The Colorado River below the relatively new Glen 
Canyon Dam is much more stable than it was in the past. 
The striking variations in phYsical and chemical 
features that characterized it in earlier days are much 
reduced--fluctuations have been damped • 
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Table 27. Invertebrate fauna collected from the 
Colorado River arid select'ed' t'rlbutaries in the Grand 

.Canyon •. ' 

. ~ 
0:: 0) 

0) 0) 
U) 0 I-l 

I-l ;M '0 U 
- 0) '0 rO ~ ~ 

> rO .~ .r-! 0) E 0) .. ~ 

INVERTEBRATE 
OM I-l I-l 0) 0) .U) 0) ~ 0) 
0:: 0) rO .r-! ()\ I-l rO I-l .~ .. 0) 0) 

TAXA > 0.. 0 ·c U .c u 0) 0) I-l 
0 OM U . .::C U 0) I-l U 

-'0 .. 0:: • U) 0 U) I-l U 
.rO .. .0) "+l E .. -1-1 U ~ 
I-l . rO ~ r-! .c ~ U) rO .0 U) 

0 'M 0) -1-1 ()\ C 0) 0) I-l rO rO 
' .. t:+ I-l U) ,-1-1 .oM' OM > 0.. 0) C > 

0 rO rO OM 'I-l .c r-! rO 0) rO rO 
U D..i .> .....:l co til ·w E-l. CL .:::S:: . ::c. 

COELENTERATA 
. ",,,,. 

... 
Hydra X ... .. 

ROTIFERA X 
,~'" ,. 

X ..... 

NEMATODA X 
.. 

OLIGOCHAETA X X X X X X X X· X 

'", .'-", 

CLADOCERA' 
.. 

DaEhnia sp. X 
Bosmina 

.. .' . .. 

longirostris X 
Alona sp. X I 
Chydorus 

sEhaericus X 
' . "." 

X ... 

OSTRACODA 
CYErinotus 

incongruens X X 
CYErinotus 

Eellucidus X 
CYErinotus 

l salinus X 
Paracandona • I 
eUElectella X I PotamocYEris sp. . X 

79 

~ 
0) 
0) 
I-l 
U 

'0 
C 
0 
E 
rO 

OM 
0 

X 

I 

\ 

I 

063495 



Table 27--(continued) 

• ~ 
ct: Q) 

Q) Q) 
til 0 I.! 

I.! .~ '0 U 

~ '0 10 ~ ~ ~ 10 a ~ Q) s Q) ~ Q) 
.~ I.! 1.I Q) Q) til Q) ~ Q) Q) INVERTEBRATE- ct: ~ I'd ~ 0'1 I.! I'd I.! ~ Q) Q) I.! 

TAXA 0. 0 C U .c u Q) Q) I.! U 0 .~ U 0:( U Q) I.! U 
'0 ct: til 0 til I.! U '0 I'd .. Q) +J S .. +J U ~ c 
So..! I'd -:;:... ...... .c ~ til I'd .a til '0 
0 .~ Q) +J 0'1 C ~ 8. I.! I'd I'd E ...... I.! til +J .~ .~ Q) c :> I'd 
0 I'd I'd .~ I.! .c ~ I'd Q) IV IV .~ 

U 0. > ...:J I1l til rz:I E-t 0 ~ :c 0 

Il::toc::teris 
brad:tii X 

Hereetoc:teris 

I reetans X X 
C:teridoesis 

I vidua X 

COPEPODA I Diaetomus 
eallidus x 

C::tcloes 
bicuseidatus X 

thomasi 
Me~oc:tcloes 

edax X 
Aca:i1thoc:tc1oes 
vernalis X 

AMPHIPODA 
I Gammarus 
I 

lacustris X ! 

HYDRACARINA X X X XI X 

COLLEMBOLA 
Isotoma sp. X 

EPHEMEROPTERA 
I Baetidae I Baetis spp. 

I 
X X X X X X X X X 

Callibaetis sp. I X 
Tricorythodes(?) I I I I X 

- i 

80 

063496 
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Table 27~-(continued) 

:.', .' 
.. " . ' " :~ 

I .> .. ... ... 
.. ........ ' . .. . , , . . -.-: . .. :v 

0:: QJ 
QJ QJ 
Ul 0 I-l 

.I-l '.--1 '0 U 
QJ '0 I'll ..Y: ..Y: ..Y: 
> I'll I-l r-I QJ E QJ ..Y: QJ 

INVERTEBRATE 
• .--1 I-l I-l 0 QJ QJ Ul QJ ..Y: QJ QJ 
0:: QJ I'll r-l 0' I-l I'll I-l ..Y: QJ QJ I-l 

. TAXA > 0.. 0 C U :..c U (]) (]) I-l U 
0 • .--1 U .::( U QJ I-l U 
'0 .0:: Ul 0 Ul I-l U '0 
I'll - QJ -iJ E - -l-l U ::l C 
I-l I'll .>t r-l :..c ::l. Ul I'll ,Q Ul 0 
0 .. • .--1 QJ -l-l 0' C QJ QJ I-l I'll I'll E 

r-I I-l Ul -iJ, • .--1 • .--1 > 
~I 

QJ c > I'll 
.0 I'll I'll ,.' • .--1 I-l :..c r-I QJ I'll I'll • .--1 
U' 0.. > ,.....:1 (Q tJ) UJ 0 ~ :c 0 

He ptage n i id ae' .. xl I Iron sp. -- ! , I I 
ODONATA I I xl 

, 
Anisoptera 

I 

I .~ I 
Aeschnidae 1 X ! . X 
Libellulidae I I X X'" J X 

I 
.J' ! 

Zygoptera ." ..... ,', i 
Coenagr ionidae X 

I 
X 

I 
X . , X 

! 
PLECOPTERA 

! 

I ! 
Perlodidae i 

Isoperla sp. X I J 
"" 

I 
.! , 

HEMIPTERA ·,1 . . , . 

Corixidae ! r 
GraEtocorixa X . " j, " .. · ... 1 ,,,' -

Notonectidae :! 
i 

f 
Notonecta X '.1 

1 

Gerridae I 

Gerris Ix 
Veliidae 
Microvelia X X X X 
Rhagovelia X X X 

MEGALOPTERA I 
Corydalidae 
Cor~dalis X X X X I 

81 

063497 



INVERTEBRATE 
TAXA 

COLEOPTERA 
Dytiscidae 
Thermonectes 

marmoratus 
Hydrophilidae 
Hydroscaphidae 

Hydroscapha 
natans 

Staphylinidae 
Elmidae 

TRICHOPTERA 
Hydropsychidae 
'Hydropsyche 

Hel iopsychidae 
Heliopsyche 

Hydroptil idae 
Psychomyiidae 
Philoptommatidae 
Rhyacophilidae 
Limnephilidae 

LEPIDOPTERA 
Pyralidae 
Paragyractis 

DIPTERA 
Tipulidae 
Tipula 
Antocha 

Psychodidae 
Maruina 

Table 27--(continued) 

T· 1 
I I 
! ~ 1 
I> I 
: ..... 1 l! 
i 0::: I (]J 

l.g 'I ~ irtl 
il! rtI 
i 0 I· .... 
: r-I l! 
10 rtI lu 0.. 

t 
i 
! 
i 
i 
I 

i 
I 

! ( ! 
i I i 
! 

! X I 
i 
! 
i 
I 
I 

i 
i 
I 

I 

I 

I 
(]J 
til ..... 
'0 
rtI 
l! 
rtI 

0.. 

• 
0::: 

o 
'0 
rtI 
s..,. 
o 

r-I 
o 
U 

• (]J 
>- ..... 
(]J -'"' 
til -'"' 
rtI ..... 
> ...:I 

X 

X 

X 

X 

82 

~ f' <1.11 

~I u, 
r-I (]J I

~ 

(]J (]J 
0\ l! 

~I~ 
-'"'IE 
'c1::S 

O\I C ..... . .... 
s..,. I.e al til 
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X 
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X 

X 
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(]J 
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x 

x 

X 
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~ 
(]J 
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X 
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~ 
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::s C 
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I 
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Ix 

X 

I 
X X X 

X 
X 
X 
X 
X 

X 

X 
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.- :"! 

INVERTEBRATE 
TAXA 

Culicidae 
Culicinae 

Dixidae 
Simuliidae 
Chironomidae 
Pelopiinae 
Pentaneura 
Procladius 

Hydrobaeninae­
Diamesinae 
Corynoneura 

Chironominae 
Calopsectra 

Heleidae 
Culicoides 
Palopmyia 

Stratiomyiidae 
Euparyphus 

Empididae 

GASTROPODA 
Lymnaeidae 

Lymnaea 
Physidae 

Physa 

Table 27--(continued) 

X X 

X 

X 

X 

X 

• 
~ 

OJ 
Ul 0 

• ..-1 '0 
'0 10 
10 ~ 
~ 0 
10 r-I 

a.. 0 
U 

Ul 

X X 
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X 
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X 

X 

83 

X 
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..Y: 
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U 
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tfl 
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Ul 
10 
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I I 
! I X 
IX 

X Ix I X 
i i 
, I 

I I 

X 

X I 
X I 

X 
xl 

X Ix X 
X Ix 

I 

X iX X 
!X 

I 
X 

X 
X X 

X 

X 

X 

I 
I 
I 

I I . ,x 
i 

i 

ix 
X 

X X 

X 

'X 

X 
X 

063499 



RECOMMENDATIONS FOLLOWING A LIMNOLOGIC STUDY 

OF THE COLORADO RIVER AND ITS MAJOR 

TRIBUTARIES IN THE GRAND CANYON 

Gerald A. Cole and Dennis M. Kubly 
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RECOMMENDATIONS 

Following a year's limhologic study of th~ Colorado 
River and 11 of its tributaries from Mile Ze~o (Lee's 
Ferry) to Mile 225 just above Diamond Creek,certain 
conclusioris have been reached. On the basis of these, 
some tentative recommendatiOns can be made. -

The quality of - the Colorado River water can be 
judged on the basis of at least four criteria: the 
total salt concentration,the ionic proportions of the 
dissolVed materials; the level of nutrients that might 
lead to hypereutrophication, and the degree to which 
pathogenic organis~s conta~inate the flow. The first 
three points are pertinent here. 

In addition, there-are factors relating to the 
maintenance of the entire river ecosystem as a unique 
environment. Superficially, aesthetic worths seem 
predominant here, but far-reaching values are probably 
involved. -

41 

With respect to water quality the Lee's Ferry 
flow is too saline to meet present- health standards for 41 
sustained human consumption, al t'houghi t is satisfac-
tory for livestock arid for industrial usage. MoreoVer, 
,it is adequate for irrigat ion purposes. At the end of 
the 225-mile stretch 1 it tleh as changed. It is still 
satisfactory for industrial and agricultural consumption 
and has, of course, - 'not improved i nterms -6-f becoming 
more potable for humans. It is rich in plant nutrients 
throughout, yet there is no evidence of excessive algal 22,23 
growth. There is some evidence that the water might 
become nitrogen limited, if there were massive growths 
of algae; phosphorus is abundant. 

The key word is dilution. Maintaining flow rates 
at least to their present level or increasing them 
should command priority attention. First, the dis­
charge of the Colorado River at a high level serves to 
dilute the more concentrated waters of some tributaries 
--Kanab Creek, rarely the Paria River, and especially 
the Little Colorado River. And, second, the flow rate 
of all other tributaries should not be lessened, for 
they collectively serve to dilute the main stream and 
to ,arne 1 iorate the salt concentration contributed by the 
more saline tributaries. 

38,40 
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Gross manipulations of tributary environments 
(brought about by such activities as damming, pump­
storage operations and desalination) should be opposed 
in that they all would increase erosion, and at least 
the first two would lead to evaporation, concentration 
and weakening of desired dilution effects. Erosion in 
catchment basins would serve to increase the mineral 
content and aggravate salinity problems. Furthermore, 
in the American Southwestsuc;:h accelerated erosion 
usually leads to an enormous increase in nitrate runoff. 
This may be important to consider, because the rich 
waters of the Colorado River may be somewhat nitrogen 23 
deficient rather than poor in phosphorus. Undesirable 
features resulting from eutrophication are not yet a 
problem in the Grand Canyon river system, but further 
enrichment with plant nutrients is to be avoided, if 
possible. 

There is some evidence that the tributaries enter­
ing the Colorado River serve as refugia for elements of 
the unique fish fauna that flourished in the main stream 
prior to the Glen Canyon Dam. Their continued existence 
and unaltered flows may, then, serve endangered species. 
In this same vein, the addition of exotic fish and per­
haps other aquatic organisms, including plants and 
invertebrates should be undertaken with extreme caution. 
Just as terrestrial exotics have created problems along 
the banks of the Colorado River, aquatJ.c or,ganisms 
foreign to the river may alter its uniqueness. 

88 
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