





Chemical Composition of
Snow in the Northern

Sierra Nevada and
Other Areas

By J. H. FETH, S. M. ROGERS, and C. E. ROBERSON

GEOCHEMISTRY OF WATER

GEOLOGICAL SURVEY WATER-SUPPLY PAPER 1535-]

UNITED STATES GOVERNMENT PRINTING OFFICE, WASHINGTON : 1964



UNITED STATES DEPARTMENT OF THE INTERIOR

STEWART L. UDALL, Secretary

GEOLOGICAL SURVEY

Thomas B. Nolan, Director

For sale by the Superintendent of Documents, U.S. Government Printing Office
Washington, D.C. 20402



CONTENTS

Page
Abstract . _ _ e J1
Introduetion. e eeeeeeeee 2
Field and laboratory procedures .- .. __________________________ 3
Evaluation of sampling procedures and analytical results_ __._______ 4
Acknowledgments . . oo 19
Chemical character of the smow_ _ _ ____ . __________ 20
Variations with locality. - __ . ____ 21
New snow versus old 8DOW. .. oo 23
PH e 24
Minor constituents . - - - 25
Contact with the lithosphere. . ____________________________________ 27
Sources of the minerals. ___ ___ . 29
Oceanic and continental . _________________________ L __.__ 29
Contamination of samples._ . . ______ 31
Other studies - - . oo e 32
Conelusions. - - e 35
References eited_ - . - reeeae 73
ILLUSTRATIONS

Page

PraTE 1. Maps of western conterminous United States and of northern
Sierra Nevada region showing snow-sample points______ In pocket

Frgures 1-3. Chemical character of snow:
1. Sierra Nevada westslope_ - _ .- _.____________ J20
2. Sierra Nevada erest_ _____ . _________ 21
3. Sierra Nevada east slope and Utah_______________ 22
4. Chemical character of snow and snowmelt runoff_ __________ 28
TABLES

Page

Tasie 1. Chemical analyses of snow and melt water in parts per million,
except pH and specific conduetance. ... ______.______ J6

2. Summary of ranges of concentrations, in parts per million, of
major chemical constituents found in smow._______________ 18
3. Comparisons of the means___ . e 19
4. Summary results of analyses for minor constituents in snow.___ 26

5. Comparison of selected constituents in paired samples of snow
and snowmelt runoff . __ ____________ L ______ 27

6. Summary of chemical content of precipitation inferred to be
snow, sampled at selected stations in the Northern European
network, December 1958-March 1959_ . o ______ 36






GEOCHEMISTRY OF WATER

CHEMICAL COMPOSITION OF SNOW IN THE NORTHERN
SIERRA NEVADA AND OTHER AREAS

By J. H. Fergn, S. M. Rogers, and C. E. RoBErsoN

ABSTRACT

Melting snow provides a large part of the water used throughout the western
conterminous United States for agriculture, industry, and domestic supply. It
is an active agent in chemical weathering, supplies moisture for forest growth,
and sustains fish and wildlife. Despite its importance, virtually nothing has
been known of the chemical character of snow in the western mountains until
the present study.

Analysis of more than 100 samples, most from the northern Sierra Nevada,
but some from Utah, Denver, Colo., and seattered points, shows that melted
snow is a dilute solution containing measurable amounts of some or all of the
inorganic constituents commonly found in natural water. There are significant
regional differences in chemical composition; the progressive increase in calcium
content with increasing distance eastward from the west slope of the Sierra
Nevada is the most pronounced. The chemical character of individual snowfalls
is variable. Some show predominant influence of oceanic salt; others show
strong effects of mineralization from continental sources, probably largely dust.
Silica and boron were found in about half the samples analyzed for these con-
stituents; precipitation is seldom analyzed for these substances.

Results of the chemical analyses for major constituents in snow samples are
summarized in the following table. The median and mean values for individual
constituents are derived from 41-78 samples of Sierra Nevada snow, 6—18 samples
of Utah snow, and 6-17 samples of Denver, Colo., snow.

Comparison of median and mean concentrations of selected constituents in snow from
the Sierra Nevada, Utah, and Denver, Colo.

[Concentrations, in parts per millionl

Sierra Nevada Utah Denver, Colo.
Constituent
Median | Mean | Median | Mean | Median | Mean
Silica (8i0y). . - 0.0 0.16 |-
Calcium (Ca) .2 .39 2.0 P T S [,
Magnesium (Mg) 1o oo 0 .16 .35 I 71 S
Sodium (Na) 2 .46 .56 .60 1.1 1.24
Potassium (K) 1 el 2 .31 .35 (-7 (ST, B ——
Bicarbonate (HCOs)o oo oooooooo_. 2.0 2.90 5.0 6. 29 11 10
Sulfate (804) - - coemo oo eoeoeee 65 .93 2.2 2.25 1.5 2.88
Chiloride (Cly ... 4 .50 .7 .97 1.0
Dissolved solids (Calculated) ... —-._. 4.0 4.70 9.1 10,58 [commmmacme]ommceeeee

1 Values reported for magnesium and potassium cannot be compared statistically beoause variances in
the analytical methods available exceed variances in sample concentrations.

J1



J2 GEOCHEMISTRY OF WATER

The sodium, chloride, and perhaps boron found in snow are probably incor-
porated in moisture-laden air masses as they move over the Pacific Ocean. Silica,
although abundant in the silicate-mineral nueclei found in some snowflakes, may
be derived in soluble form largely from dust. Calcium, magnesium, and some
bicarbonate are probably added by dust of continental origin. The sources of
the other constituents remain unknown.

When snowmelt comes in contact with the lithosphere, the earlier diversity of
chemical type largely disappears. The melt water rapidly increases its content
of dissolved solids and becomes calcium magnesium bicarbonate in type. Silica,
whose concentration increases more than tenfold, shows the largest gain; caleium
and bicarbonate contents also increase markedly, Most of the additional mineral
matter is from soil and weathered rock; bicarbonate, however, is largely from the
soil atmosphere.

Investigators, some reporting as much as a century ago, concentrated attention
largely on nitrogen compounds and seldom reported other consituents except
chloride and sulfate. The Northern European precipitation-sampling network
provides the most comprehensive collection of data on precipitation chemistry,
but it does not segregate snow from other forms of precipitation. The present
study establishes with confidence the chemical character of snow in the Sjerra
Nevada, and suggests that the dissolved-solids content of precipitation increases
with increasing distance inland from the Pacific Coast.

INTRODUCTION

Melting snow supplies a large part of the water vital to the economy
of the western conterminous United States. Snowmelt is also one of
the chief reactive agents in rock weathering and formation of soil in
many of the western mountains. In addition, water from melting snow
provides most of the moisture that, stored in the root zone, nourishes
the great evergreen forests of the Western States except those in the
coastal belt where snow seldom falls. Inland, rain falling during the
warmer months of the year may make up more than 50 percent of the
yearly precipitation. During these months, however, evaporation
rates generally exceed precipitation rates; hence, rainfall is regionally
of much smaller significance than is the annual snowpack in the hydro-
logic economy of the region.

Thus the chemical composition of melted snow provides a necessary
point of departure for many geochemical considerations, not only
those of strictly geologic interest. It is equally necessary both for
considerations that relate to water supply for domestic use, industry,
and agriculture throughout the Western States, and for considerations
of interest to foresters, ecologists, and fish and wildlife specialists.
Despite its significance, virtually nothing has been known, to the
present time, of the chemical composition of western snow or snow-
melt. This study reports the results of analysis of 79 samples of
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snow collected along routes of winter travel available during 1958-59
and 1959-60, in the northern Sierra Nevada, California and Nevada.
These results are compared with analyses of smaller numbers of
samples from mountainous areas in Utah, from Denver, Colo., and
from a scattering of points in Oregon, California, and Arizona to
furnish a general picture of the concentrations of major and minor
constituents dissolved in western snow. Significant variations in
concentrations from region to region permit tentative assignment of
sources from which some of the constituents are derived. Comparisons
of 10 pairs of snow samples with melt water flowing a short distance
below the respective snowbanks, show the large and immediate
influence of the lithosphere upon chemical composition of natural
water.
FIELD AND LABORATORY PROCEDURES

The location of points from which snow samples were taken are
shown on plate 1. The samples from Denver, Colo., were taken
from the grounds of the U.S. Federal Center, just west of the city,
and from a few other points within the confines of Denver. They
were analyzed in the Denver laboratory of the Geological Survey by
standard methods (Rainwater and Thatcher, 1960). Results of
these analyses (Hem, J. D., 1960, written communication) were
made available for the present study.

The snow samples from Utah were taken from snow-survey cores;
each snow core was immediately placed into a bottle, which was
then capped, and allowed to melt. These samples, made available
through cooperation of personnel of the U.S. Soil Conservation
Service, were shipped to Menlo Park, Calif., for analysis.

The remainder of the samples were collected by the writers and
analyzed at Menlo Park. Initially, snow was taken in a plastic
scoop and forced through the neck of a hard-glass 4-liter jar. The
jar was then stoppered, and the sample was allowed to melt. After
the first two months of fieldwork, the samples were taken by scooping
snow from the source directly into a wide-mouthed polyethylene
bucket; a sheet of thin plastic was then placed across the orifice and
held in place by the taped-down polyethylene bucket lid. The
moisture content of the snow, therefore, determined the volume of
sample available for analysis when the snow melted. After the snow
had melted, the water so formed was poured into a hard-glass 4-
liter serum bottle. The bottle was then stoppered, and the sample
was stored until analysis. The water was passed through a Millipore
filter before being analyzed for its chemical constituents.
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Analytical procedures ! in the laboratory were those standard in
the Geological Survey (Rainwater and Thatcher, 1960) except as
follows:

Chloride: Because concentrations were characteristically less than
those that can be determined with confidence using the Mohr
titration, a colorimetric method (Iwasaki and others, 1952; Bergman
and Sanik, 1957) was adopted.

Sulfate and bromide and iodide (as bromine): Determined using
standard procedures but employing larger sample volumes (aliquots)
because of dilute character of the melted snow.

EVALUATION OF SAMPLING PROCEDURES AND ANALYTICAL
RESULTS

The sample sites in the Sierra Nevada and adjacent areas were
restricted to areas of easy access during the winter. They extended
(pl. 1) as lines oriented principally along the two major transcontinen-
tal all-weather highways, U.S. 40 and U.S. 50. Smaller numbers
of samples were taken from highways maintained during the winter
to provide access to ski areas or along routes connecting with the
transcontinental highways. The individual samples were taken
from places beyond the range of snow thrown by snow-removal
equipment and are thought to be representative of uncontaminated
snowfall.

Samples were taken more than once from individual sites throughout
two winters. The samples include newly fallen snow and old snow,
early-season and late-season snow, crust formed on old snow, and
snow in open areas as well as snow beneath forest cover. Samples
from these varied sources in the Sierra Nevada region were generally
similar in chemical composition to snow from scattered localities
throughout Oregon, California, and Arizona. The Sierra-region
snow samples probably represent the spread in chemical composition

iThe following table shows the approximate precision of the analytical methods employed:

Approzimate Sample
Congstituent precision (&= mg)  size (ml)

Silica__ 0.0056 10
Aluminum Not determined 25
Iron. .. Not determined 25
Caleltm . e —ememem 025 50
Magnesium - .026
Sodium .02
Potassitm e mm e mm— e 2
Lithium- - .02

onia.___. -e-w .1 (as nitrogen) 250
Bicarbonate (as alkalinity) - 1.0
Sulfate, — - 2 1,000
Chloride 002 20
Fluoride 0005 10
Bromide, or bromide plus iodide. .05 (as bromine) 1,000
Todide . oo - 02 100
Nitrite e ———— 0002 10
Nitrate. oo .005 50
OrthophoSphate . . oo e mmem e am .0005 25
BOTON - - e 0001 5

NoTE.—Specific conductance at 25° C accurate and reproducible to 2 or 3 percent; pH values

reproducible to +£0.05 pH unit.
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and the overall chemical character that is to be expected in most
of the far western States where the influence of man’s activities is
minimal and where local conditions do not impose unusual concen-
trations of some constituents.

All the samples from Utah were taken on January 1, 1959, except
two, taken a month later. Their geographic spread is adequate to
represent the characteristic of show falling on the mountainous
central backbone of Utah. They may not, however, represent the
yearly average composition of snow in Utah.

The snow from Denver was collected over a period of time suffi-
ciently long to be representative. The snow samples were all taken
in or near the city and were all within the range of potential influence
of industrial air pollution. Although they represent what may be
expected of snow in Denver, they may not indicate accurately the
chemical character of snow in the Rocky Mountains.

The analytical methods used yield results that are considered
statistically significant for silica, calcium, sodium, bicarbonate,
sulfate, and chloride. They are not statistically significant for
magnesium or potassium. These conclusions are based on application
of the F ratio (Snedecor, 1946, p. 218-226), in which variance of the
analytical procedure was compared with the variance of the results
obtained from the samples. The resulting ratios for the various
major constituents, except magnesium and potassium, indicate that
the variance among the samples is statistically real. The results
of the analyses are shown in table 1.

724-344—64—2
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TaABLE 1.—Chemical analyses of snow and mell water,

Source 1 g S
g Cl 4]
Lab S = e |
No. rat| 3 | (2| |=|S|a|QIE |B] -
offi-] = | @ osz"'ﬂ,\so
Material, location, and altitude [era| 8 |S| 8 | 5|3 ElglaglE| 2
in feet Ne-g@ghg'ﬁs—-gz_gs
vada’ogg"sg,.ﬁﬁzga
t |8|2|8|= BlelES 2| 3
A lE|Zla|d|slg|a&l<|a| &
Snow and snowmelt
Samples along U.S. 40 and access
highways
222 Snow,25mileswest of Emi t W | 5-21-57- o] mneae R VIV SO VRPN RPRIN NV Ao,
Gap, U.8. Highway 40,
Altifude 6,300,
223 Sngévmelt, same location as No. | W R [ SR -
765 | 8now, 2.0 miles east of Cisco [ W eea] 0.5] 0.5 8| —-me
Grove, U.8. Highway 40, Calif.
Altitude 5,900
1020 | Snow, cmefy granular, same | W | 3-25-69|-o._}ooo.|-oo. 0.2{ 0.0 .2{ .2{....] 1} 07
location as No. 765.
225 | 8now, 2.5 miles east of Cisco | W | 5-21-57|.-..|.-..c RN N
Grove, U.L. nghway 40, Calif.
Altitude 5,
226 | 8now, 2.0 mlles west of Soda | W | --od0.foec]occac]omens ROV VRIS RPN URPRPN FUSTR) RN S
Sgrlug U.8. Highwsyio Calif,
titudeGSOO
301 | Snowmelt, 1.5 miles west of Soda | W | .-.do_.| 6.5/.____|.__.. 1.6 .5/ 1.4/ .7|----| 4] 2.6
%pings U.8. Highway 40,
alif.  Altitude 6,400,
694 | Snow, 4.0 miles west of Norden, | W | 4~ 8-58| .Ol.ceoi|ea-e- .0 .50 .71 .3{..--] 8] 5.3
U.S. Highway 40, Calif. AL
titude 6,200,
749 Snow, 1. mile west of Soda | W 5-27-58 .0)ceoosfeean- .4f .0| .3| .3 1.0 4| .5
Cprng$ U.8. Highway 40,
alif. Altitude 6,600,
750 | Snowmelt, location near No, 749..| W do...| 8.3] 0.00| 0.00| .8 .0f 2.6| .4 .0 6 0
762 | Snow, west end Van Norden | C 6~ 4-58] 1foooosfaene- .4 .2l 2| .2
Lake, U.8. Highway 40, Calif,
Altitude 6,900.
763 | Snow, 2.0 miles west of Donner | C RO 1o T B | F ecemefemma]aeea| 22 1jeael] 2f L1
Pass, U.8. Highway 40, Calif,
Altitude 7,000.
1019 | Snow same location as No. 763 | C 1-18-59|-cco|-cocc|omuan .20 .0 L2l J2fean] 2] LT
except altitude 8,000.
1083 | Snow, 1.0 mile east of Norden, | C 4-22-69| oO0|ceencicnan- .0 .0 .2 .8|---.| 38| .7
U.E Highway 40, Calif. Alti-
tude 7,050.
1084 Bnlowmelt, same location as No. | G |-..do___| 5.5|-cacc]onuenc 1.2| L1 .B] .8[aece| 8feeeee
1085 Sr_\lc&wgnelt, same location as No. | C do. ) S S 2.2| .6| 1.4f .6[....[ 13[ .8
747 | Snow, 2.5 miles east of Donner | E 5-27-58] +Ol-coec|amen- .40 .0 .8 .3 .0 4| .3
Pass, U.8. Highway 40, Calif,
Altituds 6,000,
1081 Snow,lsmﬂewwt of west end, | E 4-22-59 .1}oceafmcnn 0] .0 .2] .Bf--ae| 3] .5
Donner Lake, U.8, H:ghway
40, Calif. Altitude 6,500,
1082 Snl%;vlmelt, same location 8s No. | B |...do...| L.9|-meeofoeme- .0l .0 .9 .2|....] 4] L1
1086 | Bnow, 4.8 miles north of Hobart | E 4-22-59| . Qjecoeefeaee- .0l .0 .2 .1 2l .7
Mills, State Highway 89, Calif.
Altitide 6,200,
764 | Snow, Squaw Valley, Calif. | C 6 4-58 I I P I RO - S |
Altitude 6,400.
1018 | Snow, same location as No. 764 | C 1-13-59| 0 .3 W3- 3] .7
except altitude 8,000.
941 | Snow, 0.5 mile east of Floristan, | E  |11-21-58{ .0] .00( .00 .8 .0| .8|...-| .0| 38 .5
U.S. Highway 40, Calif. Alti:
tude 5,300.
1031 | 8now, 1milenorth of Geiger Sum- | E 2= 359 acec]cceon|amann .4 A .2 L2l 2| L0
rmt, State Highway 17, Nev.
Altitude 6,500.

See footnotes at end of table.
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in paris per million, except pH and specific conductance

~~
AE4F
~ 12 2 |8 5 |2
g | 3|34 28| S% | 88 |8
Qo ) % Z % -2 % 3 g E 2 Remarks
o ol B a Als § q |
I E- N Il I I -l B 28 | g
E |5|2|£|E|82|8|5s|S| 88 |
= (2|3 |E|8 8% 8182 |8]| 88 |m
o m|l2 |2 |2 |0 a A H] a8 |a
Sierra Nevada region
(111 G PR SN SURSAY RN NN ISV AU 6 | 4.2] Sampled beneath trees. Snowfall
within 48 hours.
LO0|ece]ecvon]eannn VR S SV, 18 | 5.6| Melt water in ruts of dirt road.
S J IR, ORI FRRIN NI SR ER A L5 7.5| 5.9| Sampled from graniticrock surface
1t off highway; ski slope.
L2|acei]ecenn 0.01] 0.0]..... 0.10 3.1 .8 3 | 5.5/ Sampled from grass on ski slope
200 ft off highway.

[ ( PRSI SRS FRUPIY ASPII SV VIR AR U 5 | 4.7f Sample scra from bare gran-
odiorite ledge.

] PN PRSP SRR FOSSRIN) SR PN, BRI M 6 | 4.7| Snowfall within 48 hours. Sampled
in open area.

2.4 0.0]coeo]aeaas 1N ] P 18 6. 0! 21 | b.3| Seasonal brooklet; dry after snow-
melt runoff ceases,

R P .00 .0-...) .02] 11 2.0 10 | 6.5 Sam{ﬂed from snowplow cut; prob-
ably includes road dirt.

.8 .0l .06 .01 0.04 .02 4.9/ LO 6.9| 8.3 In evergreen forest. Topmeost 1in
of dirty snow removed,

9 0faaaas .00f .1} .02! .00 11 2.0 16 | 6.4| Seepage through granitic saprolite
and soil. Lithium=0.0, P

1.0 3.9/ 6.0 Samﬁled on ski slope 0.6 mile south
of highway.

1 SRR NI AR NIV R SIPI S B 2.3| 5.9; Sampled on slope of Mt. Disney,
ﬁ?t&l' lower end of Sugar Bowl ski

IS 1 P A 03[ .O0|-ooo .00] 2.6 .6 4.3| 5.7 Samf)led near up; end of Sugar
Bowl ski lift. 1i(‘elresh snow; not
packed.

1) PR U R SN N A 2.9 .0 3.0 5.5 Section top, to bottom, of 2-ft snow-
bank in open field.

IR | R RS SRR AR VR M 14 7.3 15 | 6.5) Melt water dripping from snowbank
of sample No. 1083,

1S FEUSOY (RO AU SRR I SR 26 8.0 23 | 6.2| Runoff from sample No. 1083, 50 {t
down channel in granitic seil;
decaying vegetation abundant,

B { P | - .00 .0 .14 .00] 4.2 1.0 6.8| 5.9| Section, top to bottom, of 3-ft
snowbank under trees.

[ | PR SR RN SR AU A 2.9 .0 2 | 6.0| Section, top to bottom, of 1-ft snow-

, coarsely granular; dirt on
surface.

[ ] . — 6.6/ .0 7 | 6.8 Runoff from No, 1081 through
granitic pebbles and soll; vege-
table debris common.

[ R N R PR F A, 2.3) .0 2 | 5.5) Section, top to bottom, of 2-ft snow-
bank in evergreen forest.

..... 1.0 9.8| 6.3| Sampled on slope above lodge; snow
lying on granitic saprolite and soil.

I ] S I N1 I | . .00 3.8{ 1.0 7.6 5.9 Samrgled at_top of ski lift on Hill
KT-22, tFresh snowfall of preced-
ing night,

[ -1 RPN PO N S ——ee-| 00| 3.9 2.0 3.9| 5.7 Sampleghfioftiromhighway. Thin
early-season Snow.,

I | FUN S IR 111 I § IO .02) 3.3] 1.6 6.0] 6.6] Patches of snow in shade of pinon
pines.

See footnotes at end of table.
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TABLE 1.—Chemical analyses of snow and melt water, in parts

Source g g
o —
Leb g 5 AR
No. Part| g = FICIsIBIE (T =
. ofSi-| 2 |3 SlE|2| 555819
Material, location, and altitude |erra | 8 | 2 5 =1318]¢ 5 a0, 2]
in feet Ne- | 5 |21 8| & |8]%|8|% (8= P
RN EIN AR AR NEEE N
= o3 ~ =
A lg|<|a|d|s|a|kl<|a]a
Snow and snowmelt, Sierra
1017 | Snow, Geiger Summit, State | E 1-183-59| oo feaaac]amamn 1.0 0.3} 0.3} 0.9|---- 4] 0.4
Héggway 17, Nev. Altitude
1030 Suow,l%)mﬂes north of Virginia | E 2~ 3-89 ccac]eman]aaean 2 .1 L1 L2l 2l .9
City, State nghway 17, Nev.
Altitude 6,500.
1029 | Snow, nort! edge of Virginia | E BN 1 RO SO RSN L8 .21 .2) L2 20 .9
City, State Highway 17, Nev.
Altitude 6,500.
1027 | Snow, 0.75 mile north of Silver | E R [ A SRR IO R, 1.8 .3 .7 .2-...] 4] 2.1
City, State nghway 17, Nev.
Altitude 5,
1028 Snow.samelocationasNo. 127..| B |oo.dooi oo foomec]anan 3.8 .3 .2| .2/....] 8| 43
Samples along U.S. 50 and access
highways
927 | Snow, 0.5 mile east of Kyburz, | W |11-19-58| 0.3 0.06| 0.03] .0] .5 1.1 .7{ 0.0f 1| .7
U.g. Highway 50, Calif. Alti-
tude4200
558 | Snow, 2.0 miles east of Kyburz, | W 1-20-58} L7)ceaesfocann ceecomen] o8 oBames| 2o
U.S. Highway 50, Calif. Alti-
tude4500
1013 | Snow, 31 mlles east of Kyburz, | W 1-12-59|c caemeae [omaee 4 .1 .4 3. | 1f .3
U.d H ighway 50, Calif. Alti-
tudeﬁooo
928 Snow, Tmend%esLodge,US W |11-19-58| .0f .03 .02| .0 .5 .6 .4 .0 3| .3
& 0%0 way 50, Calif. Altitude
569 Snow, 0.5 mile east of Twin { W 1-20-58| o 1|cmeefamee mmefmn| 6] Aol 2ol
Bridges, U.S. Highway &0,
Calif, Altltudeﬁlm
560 | Snow, same location as No. 550..| W |__.do_.| 1.2{...__|-.._. camcfomea| o8] eY|eeec|  8le----
929 | Snowmelt (as icicles), same loca- | W |11-19-58| 1.9 .04 .00 .0 . .4 .1 20 .3
tion as No. 559.
1014 | Snow, same location as No, 550...| W 1-12-89) e oo || .2 .0f .1 .0, O .3
220 | Snow, 2 miles east of Twin | W 1-20-58| o |-aaeo S JESSNENE) (SO DRI DIV IO
Bridges, U.S. nghway 50,
Calif. Altltudeﬁ
561 | Snow, 17 miles east of Kyburz, | W |.__do..| .3|cacacfcmua- B oBlacen|  2feccea
U.S. Highway 50, Calif. Alti-
tude7000
562 | Snow, same location as No, 861...] W |...do...| .1|--.._ cmmme|mman|mmee| B A} 2an
758 | Snow near Echo Lake, near U.8. | C 6-3-58 +2|aeeei]ovmnn o)) .9 ceen| 3 .4
Highway 50, Calif. Altitude
767 Snéw,éame location as No. 7568...| C edoo| L0l |eeee memnfemeat 22] W] 1) L8
571 | Snow, Echo Summit, U.S. High- | C 1-21-58| . O|-emo|oeeee JEVSPES U ) IR | O 1 PR
way 50, Calif. Altitude 7,400.
572 | Snow, same location as No, 571...1 C  |...do_._[ .0 o[- ceeefeeen] 2l Yol 2faeee-
752 | Snow, same location as No. 571._.] C 6-2-58] 1| ol|eeeee amonfumme| o4 L8|l 2] L2
930 | Snow, same locatlon as No. 571.._| C 11-19-58| .0 .02| .00 .4 .0| 1.2| .5| .0 Of 2.8
931 Snowl\?aelt (as ice), same location | C _..do...{33.8/81.2/33.1] 3.6} 1.0] 1.8] 3.3 .0| 18 9.0
as No
1015 | Snow, same location as No. 571___| C 1-12-59| o oo mem .50 .00 W3 .. 2] .3
1079 Snow, same locatlon as No, 571___| C 4-20-59 e oo eeae JEGUSE (SO N3 SEOUOUON PRI DRI PSR
219 | Snow, 2.6 miles west of Meyers, | C 51557 feeec] e RSNSOI (SR PIFIPRES PRSI PN
U.S. Highway 50, Calif,
Altitude 6,900,

See footnotes at end of table.
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per million, except pH and specific conductance—Continued

Dissolved solids
(calculated)

Boron (B)

Hardness as CaCOs

Specific conductance

(micromhos at 25°C)
pH (in laboratory)

Remarks

2
= 2| 3|8
9 &= o |9 la
-] ) =, = =
T O|Elels|8|8S
2 |B|Z|E|E |5
) ml8lZz|2z |0
Nevada region—Continued
L0207 N 0.07 0.3]---—-
I3 O S, 01 L 2foo
IR 1 (R SR W01 .2f .o
P 1 SO A, 07 .2
I I S L1002
1.1{ 0.0{._.- .00{ .0{ 0.00
b IR RS R S L] PO
11} P (R .01 ) .
.4 .0 .00 .0 .00
L0 e feaaee (] P
) P O R I N ] —
.2 .0|ae .10 .0} .00
PR § R I .01 Ofaaee
PSR SRR VISV SO B,
i | T I, I 1] —
[ RSSO I S, P § S
1 - VR SRR PSP PV I
P | PRI PRI SR ARSI S,
R RV PRI AP, 1] P
IR (RO (RN ORI I ] .
[ ] PSSR BN EO
.6 J1lo_.. .00 1| .00
32,6 .1|...-. 3.02| 88| 834
P ] PRGN P, .03|  .2]-oo.
[ 1 FSOR (VRO SSURIOUS (PN IV,
[ 1 R (SO PR (S, a——

See footnotes at end of table.

L8

5.5

11

3.0
1.0

L0

2.0

1.4
.5

1.0

13
1.4

Sampled in thick brushy vegetation,
Snow sparse, melting.

Sample of Clean, topmost 1in.; fell
3 days before sampling, Lith-
ium=0.00.

Sampled in area shaded by brush.
al‘(l)lan, patchy snow. Lithium=

Snéw'l}ﬁ-ln. thick; small patch in
shade, overlying No. 1028,

Ice and icy snow in contact with
gravel, Underlies No. 1027,

Snow 2 in, thick in shade of ever-
greens,

Topmost 3 in. of 12 in.; snow lying
only in shaded aress. Basal §
inches hard-frozen.

Snow in open area.,

Snow 2-3in. thick under evergreens,

Powdery snow, topmost 1 ft of 5-ft
thickness, open area, granitic
boulders.

Snow at roadside, very dirty,

Icicles suspended from ledge of
granitic rock in highway cut.

Melting snow on bare granitic rocks,

Upper foot of snowbank, under
trees.

One foot of snow underlying 1-in.
crust which was removed. Open

Equlvalent to No. 561, but sampled
under evergreens.

Clean snow from hillside near Echo
Lake Lodge. Dirty crustremoved.

Clean snow, about a quarter of a
n.ule down road grade from No.

Topmost 10 in, loose smow under
evergreens. Probably represents
single snowfall,

Snow on evergreen boughs. Had
not touched the ground.

Snow hard packed, 4-in. surface
erust removed.

Six inches of snow, crusted. Rests
on 1 in. of ice which was not
sampled.

Ice lmderlying No. 930; included soil
and pine needles frozen in ice.

Powder snow.

01d snow, including surface dust
and evergreen litter.

Sample includes 2 in. of ice lying
%n ;chk and basal 1 ft of 4-ft snow-

£
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GEOCHEMISTRY OF WATER

TaBLE 1.—Chemical analyses of snow and melt water, in parts

~
Source 1 q (S
a -
Lab g 2 SARAE
No. Part 2 | & 2ICIalBI8 |2 4
of 8i-| = = O g [ Il PN -
Material, location, and altitude | erra| § | Q 5 =1Z121¢8 g 33 3
in feet Ne- | & |Z (g% g% g =
vada? 3 g MEIIELR 8
g (8122 |2|8|5|2|A88|2
A [Bld|ls|d|2|d|al< |R|&
Snow and snowmelt, Sierra
221 | Snow, same location as No.219.__| C 5-15-57 JROSR N S
217 | Snowmelt, same location as No. | C |_..do -] 5|2
219 except altitude 7,000.
218 | Snowmelt, same location as No. | C do o] 4{<2
219 except altitude 7,000.
203 Snzti;vmelt, same location as Ne. | C do...| 4.0| 0.8/ 0.1 0.4/ 0.2|....| 5 .7
753 | Snow, 2.0 miles west of Meyers, | C 6-3-58 .4 cevecfomcafaeea) 2] Qe 1) L3
U.S. Highway 50, Calif. Altic
tude 7,600.
754 Snowmelt same location as No. | C  [._.do.__| 1.9]..__. JEURUN RN PR BT | I § FN I | H
753 exeept altitude 7.000.
756 | Snowmelt, same location as No. | C  |..do._.| 2.3[cce e cooafoces| o4 Qluc| Bfocuae-
753 except altitude 6,700.
756 | Snowmelt, same location as No. | C  |...do...[10 |..... -] L2 .4{..._| 10
7563 except altitude 6,600.
216 Snowmelt 1.7 miles west of | C 5-15-87]- o] ccmaa]-ene- [, S
Me; U.S. Highway 50,
Calif. Altitude6750.
573 | Snow at Meyers, U.S. Highway | C | 1-28-58] .1|..___ S S N I Y S " SN B SO
50, Calif. Altitude 6,300.
575 Snow,sa.melomtionas No.573...| C  [...do..| .1 2 Gl 2.
574 | Snow, same location as No. 573...| C do. .1 6 2] 2]eeeen
760 Snow,27mﬂeswest of Mt. Rose | C 6~ 4-58] .0, W20 . 2 .5
summit, State Highway 27,
Nev. Altitude 8,000
759 | Snow, Mt. Rose summt State | C  |--.do...| .2 A G2l 2] .2
Highway 27, Nev. Altitude
766 Snow,samalocatlonasNo. 7%9...| C 6~ 5-58
570 | Snow, at Glenbrook resort, east | C 1-21-68) .4 W6 2face] 2feee-.
shs%t(')e Iake Tahos. Altitude
563 | Snow, osmilewestofjunctlon, C [.-.do-_| .5 B 2aeas] 2feeane
U.9, Highway 50 and 8
Highway 28, Nev. Altitude
564 Snow, same-locations as No. 563__| C do. .4 ——— .3 ] —
565 | Snow, 0.25 mile east of Spooner | C do. N PR R 3 2feee] 2o-...
Summit, U.S. Highway 50.
Nev. Altitude 7,100.
932 | Snow, Spooner Summit, US.| C [11-20-58 .0 0.01) 0.00] .0f .2| .6f .6/ 0.0f 3| 1.6
Hllﬁ(l):way 50, Nev, Altitude
1016 Snow, same location as No. 932...| C 1-12-59 .3 .00 .4 ... 1 .5
1026 | Snow, same location as No. 932.._| C 2~ 2-59 .2 L1 L9 Ja..| 1f 1.2
1080 | Snow, same location as No, 932._| C 4-20-59). ... .2
742 | Snow, 9.2 miles west of junctionof | E 5-26-58| .0 0 2] .9 .7-...] 4] .6
U.S. Highways 50and 395, Nev.
AltitudeSSOO
566 | Snow, 4.5 miles west of junction of | E 1-21-58 o 4|cccee|acamc]ecan|omun 1| I 1 SR - ) S
S. Highways 50and 395, Nev.
Altitude 6,000,

See footnotes at end of table.




COMPOSITION, SNOW, SIERRA NEVADA, OTHER AREAS
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per million, except pH and specific conductance—Continued

See footnotes at end of table.

o 36
(=] ~
2 g | *503 E
~ 2|l =8 5 © =] ]
= —~ £l <] F=) L=} = -1
) 2 o & 52| 3 8 |8 Remarks
T 5lelEl2|E a3 88 |3
s 128|515 5528|3808 &8 |5
E |E|S|E5|2(88|Elg8|2| 58 |2
3 |E|BlE| 8|82 58|38 4 §;§ o
o m|S|a|a|o |a|A H] @8 | &
Nevada region—Continued
0.9]cmec|ocaa e femae PRV R VNI SR 4.0{ 4.4| Topmost 1 ft of 4-ft snowbank;
includes some dirt.
Lod]eea]cmmcfocaccfonnccfeacae]anmmefmcanac)caaan 22 | 8.7 Seepage through debris of rock and
tation in small channel; pale
yellow.
[N | RN IS ORI PRI PR RSN PP P 12 | 5.9 Runoﬂ.' over about 1,000 ft of bare
granitic-rock surfaces.
.3/ 0.1 0.2 9.3 8.0 9.0/ 6.0| Runoft jn another small melt-
;vlssterstream about 25 ft from No.
.2 1, 5| 3.4] 5.8 Snowpack on bare granitic rock
about half a mile and 900 ft (ver-
tioally) above highway grade,
.2 R 7.9{ 6.0 Runoﬂt;)ver about 34 mile of bare
.2 2. 0| 5.1{ 5.9 Runoff near hlghway gtade,
passage  through
1 7 17 |62 RS i T through
[ | IR NN IR MR o, S f 3 unoft after passage through gran-
itic debris of highway fil.
¢ debris present.
.4 9.0| 5.6/ Runoff over bare granitic-rock
surfaces.
. 8| .1 0.00] 2.0 4.0] 5.9| Powder snow, 2 ff thick, on ground
in open (i
.4 .1 .00 .6 3.0] 6.9] Hard, crusty snow, 3 in. thick;
overlies No. 573,
.9 .1 . 00] 2.0] 5.0| 6.1} Powder snow, 6-8 in. thick, over-
0, 576.
.2 .4 2.8| 5.7 Sampled in evergreen forest 150 ft
oft Way.
.1 1.0 2.6] 5.7| Sampled on granitic-rock hilltop
300 ft north of highway.
A= 8 'A=13
= _3y1l{---] (A) Determinations made on water
B 1.4} B-n} when about one-half the sample
had melted. (B) On water
melted from remainder of sample.
o4 . 0] 13 3.0 5.0] 6.4| Sample from open area; resort
closed for winter.
[ ORI A, L) — .08 2.1 7.0} 6.5/ Sample from open meadow.
.6 .1 .06 4.3 12 | 5.9} Bample taken under overgreen
%gresge‘{outh edge of meadow near
.3 [N I— . 00| .2 4.0/ 6.1| Sample from open field. Compare
Nos. 932, 1016, 1026, and 1080.
.2 .0 0.02] .1]0.01] .01 4.8 1.0 3.9| 5.6| Sampled from clearing on unused
dirt road. Lithium=0.0,
P § DRI S, N1 S | .02 2.1] 1.0 5.0 b. 4| Sampled in grove of evergreens.
Snow sparse, gran!
13 N1 I § . .08 4.5] 1.0 8.0| 5.5 Sampledinopenarea Section top
to bottom, of 18-in. wind-packed
SNOw.
0. 0Old snow; dirt and forest litter on
surface. Snowl—l%ftthlck
I | DU R 000 e . 4.8} 1.0 6.9 5.7| Sample from patch ofcoarsel granu-
lar snow about 1 it thick. Re-
moved topmost 1 in. (dirty)
[ (R A SO I ¥ S—— N 7.4 7.0 6.2| Snow patch in shaded area;
ground nearby.



J12 GEOCHEMISTRY OF WATER

TaABLE 1.—Chemical analyses of snow and melt water, in parts

Source 1 §., 8
g @ 8]
Lab 2 = ~ |8
No. Part| 9 = ? 2 = | M8 g =<
. . of8i-| 2 |3 g ClEiz el - PN -
Material, location, and altitude | erra S 2l8l=zlalgle g a3 2
in feet Nel 5 |21 8181818 g|4182/8| =
vada 2 s g S|l B|E g Ean| % | 3
2 |512|2|2|8|5|815¢8 &858
A |a|l< |8 |c|2|a|~l<d |A|&E
Snow and snowmelt, Sierra
567 | Snow, 1.9 miles on abandoned | E 1-21-58| 1. 0f<..-- eeec]aame)acaa] 0.5] 0.6)....| 4|.....
U.S. Highway 50 west of junc-
tion with U.S. Highway 395,
Nev., Altitude 4,800.
568 | Snow, same location as No. 567_... E  [...do... .0|-cc_f-aco ceee|eean| 106} B[ oo
569 | Snow, 4.4 miles on abandoned | E [--.do.--| .1|.__.. PRI PR Do B- | B-] FORE (-1 I
U.S. Highway 50 west of junc-

tion with U.S, Highway 395,

Nev, Altitude 5,500.

933 | Snow, 1.0mile east of Carson City, | E 11-20-58| .0| 0.07| 0.00| 0.4| 0.5/ .6/ .4/ 0.0 3| 1.4

U.B. Highway 50, Nev. Alti-

tude 4,700.

1026 | Snow, 10 miles south of Gardner- | E 2- 3-89 oo eees 2.2| 2.5 .7 .2|....] 9| L5

ville, U.S, Highway 395, Nev.

Altitude 5,500.

934 | Snow, 11 miles east of Yerington, | B [11-20-68]-__| ... __ .4 .2[ .2 || 2| .8
U.S. Highway 95-Alternate.

Altitude 5,000,

Samples along California High-
ways 88, 4, and 108 and in
semite area

714 | Snow, 4.2 miles west of Peddler | W | 4-29-58| .0|--_-_[-.... .0l .5 .2 .3 .0 3 18

Hill, State Highway 88, Calif,

Altitude 6,100,

712 | Snow, near Peddler Hill, State
Highway 88, Calif, Altitude

W ojeeadoa | 0lccooacaan .0 .0| .4/ .1} .0f 3| 18
6,800.
713 S%q;vmelt, same location as No. | W [._.do.__| 3.4j..___[...._ .0 .70 .4 .1 .0f 5| 2.0
718 | Snow, 5.0 miles west of Camp | W
Connell, State Highway 4, Calif.
Altitude 4,000.
716 | Snow, 0.25 mile east of Camp | W
Connell, State Highway 4,
Calif. Altitude 5,500.
715 | Snowmelt (as flow in San Antonio {__.... --.do...[17 .00{ .00| 2.4| 1.5{ 1.7 .7 .0| 17| .4
;Jlléeek), same location as No.

RS 1o TN BN ] RN N .0 .60 .1 .1 .0 3| L7

JRORRY [ M B U PR, L0 .8 .1 J1|ee.o| 3] 1.6

701 | Snow, 22 miles east of Sonora, | W | 4-28-68 .0|.....)--co. 4| .0 .6| .3/ 1.4/ 4| .5
State Highway108, Calif. Alti-
tude §,100.
711 | Snow, 1.0 mile east of Strawberry, | W |--.do___| .0|cceas|acans .0 .5 .4/ .1} .0] 3| 1.8
State Highway 108, Calif. Alfi-
tude 6,100,
703 | Snow,1.5 miles east of Strawberry, | W |.._do...| .0|-ccoofocaet .0f .0l .4 .Of....! 4| .5
State Highway108, Calif. Alti-
tude 5,500.
709 | Snow, 36 miles east of Sonora, [ W |--.do__.| .0|eceo_|eeeae .0 .0 .3 .1} .0 3] .3
State Highway 108, Calif, Alti-
tude 5,800.
710 Sq’%gvmelt, same location as No. | W 40.naf12 facoofennee 2.4{ 1.0| 1.6] 1.0} .0| 16{ 1.3
704 | Snow, 38 miles east of Sonora, | W |--.do_..| .0 .0l .0f .3 .1 .0f 4 5
StaleHighway108, Calif. Alti-
tude 6,200.
705 Sq]owmelt, same location as No. | W do. .0 .8 1.9{ .3} .2| .0l 4| _...
707 | Snow,samelocationas No.704....| W |...do_..| 0o _faeeen .0 .ol .3/ .2| .0 2 3
708 | Snow, same location as No.704....| W do [N 1] RS S, L0 L0f .9 .5l .0| 4 8
953 | Snow, on ridge south of Hetch | W 3=18-59ccec|cmacnfacann 10l .4 .7[ .2|....| 7| L4

Hetchy Reservoir, Yosemite
éﬁgg{i}onal Park, Calif. Altitude

See footni:tes at end of table.
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per million, except pH and specific conductance—Continued

See footnotes at end of table.
724-844—64——38

P 36‘
(=3 8¢ i~
2 a | 8| 58 :E
g |= 3|32 2215 | €8 | &
2 =] )
S |5le|8|2|E (al38|g| B2 |2 omarks
g 181522535885 €8 |3
E |E|8|E |22 8|55 |¢2| 55 |8
2 |2|3|E|5 |52 8|28 58| 82 |m
9] m|&|la|a|o A A =} ws )
Nevada region—Continued
(1] T S I 0.1 |.aeo. 0.12|.e... 4.5 12 | 6.2| Snow, ey in patches, 1-2 in. thick,
Under bunch grass and brush.
) ] I S A, ] PO 10 | 6.4] Powdery snow, half an inch thick,
overlying No. 567,

- DR I I N I PR 4] 1.5 4.0| 6.1 Snow on abandoned roadway; no
car tracks; snow cover continuous.

.81 0.0 0,01 .2]0.06) .04 6.0/ 3.0 11 | 5.7 Sample from patch of snow in shade
of fence.

.8 03] .3 0. .04 11 7.5 20 | 6.2) Snow reportedly fell 3 days before
sampling; 2 in. thick, powdery.

1521 I S L00] .1 oo .00; 3.0 2.0 4.0] 6.1/ Snow in shaded areas; bare ground
nearby.

R N | P .00 .1} .00| .00 4.6 2.0 3.3} 5.6

1 I | B .00} .0 | .00 4.0 .0 5.1] 5,7 Snow 5-8 ft thick, lying on rock,

A0 .00( .0 .00{ .00 9.5 3.0 6.6/ 6.5 Mselt-water stream flowing about

gpm,

0 .0 .0 .00f .03 40| 2.0 5.1} 5. 5| Collected on hillside below highway.

A 00| .00 .0 .00] 3.9| 2.0 3.5| 5.6/ Snow 2 ft thick, collected on hillside
above highway.

W20 .0 .00{ .1| .03| .00| 33 12 28 | 7.3| Flow estimated as 30 second-feet.
Consists mostly of snowmelt run-
off. Lithium=0.0,

L1 .0|----- .00 .0 .05 6.4 1.0 7.0 6.0 Old snow about 16 im. thick, in
contact with soil,

2 0o .00} .0 .00} ,10; 46| 2.0 4.4 5.6| Snow about 18 in, thick.

S | PR .00 .0} .ol .25 3.6 .0 3.0| 6.6{ Old snow about 2 ft thick, lying in
patches.

[ DR B, .00, .0} .01 .07 3.1 .0 2.3| 5.8 Old snow.

.3 0. W00 .1 .17} .00} 28 10 29 | 7.0 Melt-water runoff from snow in
area of No. 709.

I § I . .00] .0 .04 .09 3.4 .0 4.6/ 5.8 Old snow about 18 in. thick.

51 S | SR, .00 .2} .02 6.4 10 11 | 5.7 Small runoff stream from below
snow sample No. 704,

I | B I .00 .0 .02( .07 2.2 .0 3.0| 5.6 Snovg, fairly freshly fallen, about 4

eep.

4 2. .00 .0 .04 .15 5.2 10 6.7| 6.0[ Old snow near highway, dug from
near base of 4 {t snowbank.

Y] DR PR .00 .0 (... .0l 7.8 4.0 14 [ 6.5
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GEOCHEMISTRY OF WATER

TaBLE 1.~—Chemical analyses of snow and mell water, in parts

Source 1 a | S
Lab g = %‘) o~ %’ ]S_ﬂ)
. . of8i- = |3 ogz"m_.&’o
Material, location, and altitude |erra | § | R 5 s |15l2|< 5 g 3| 2
in feet Ne-g@_g;;.ggg-agz_gs
vada? @ ~ b5 = § g C] s
£ 1212183 5|88 8| 5
A |a|< |8 |o|a|a|Al< |A]|&
Snow and snowmelt, Sierra
721 | Snow, Sentinel Rock, Yosemite | W |4-30-58 | 0.0|occoojoeean 0.4/ 0.0/ 0.9] 0.8 1.9] 6] 0.4
i\Tgc%onal Park, Calif, Altitude
,500.
720 Snmivmelt, same location as No. | W [...do...{11 | 0.02| 0.00| .8 1.9| .7 .9 .0f 10 .9
Snow samples
[Taken by U.S. Soil
979 | Lower Bear River area, Garden |.--... b 1+ | R -—e-| 12| .2] 3| .2[----| 4| 1.0
City Summit. Altitude 7,900.
993 | Ogden River area, Lower Ben |--.... PN (4 O PSS AR IO JEURIOR VRIS I | USROS SVIURN SO AU
mond. Altitude 6,000.
994 | Ogden River area, Snow Basim. [.-~._. RO [ JRON NS RO S JEORUORR PRI IR 1 NSRS APIORS AU I
Altitude 6,500,
978 | Weber River area, Beaver Creek [....._[...d0.]|-ce_|ocooocane FPRES ECRREN [’ | EVU EVUPIORY AP S
Ranger Station. Altitude 7,500.
984 | Great Salt Lake area, Lower [-..... PRV ' JEOR O SR A RN R (Y | NS (IOEEY SN AN
_?‘gorgxington Canyon. Altitude
957 | Weber River area, Smith and ]-..... DS T T PSS AN S JRORY SO DY 1 NS PR E R
Moorehouse Reservoir. Alti-
tude 7,600.
959 | Wasatch Mountains, main range, |--.-.. JUUR s U4 S PR SRV SRR GRS SR [ ¢ NGRSO FUR RSN
Parleys Canyon Summit, Al-
titude 7,500.
988 | Provo River area, Timpanogas |-.--.. PR 74 ) DR PRI O 2.0 .2| .4 .2[.--.} 5] 2.0
Divide. Altitude 8,200.
960 | Provo River area, Daniels-Straw- |...__. JRURNC U T O AP SO " %1} MRS B § SN AU B § f B
berry Summit. Altitude 8,000.
956 | Duchesne River area, Indian |--.... JROION [V Y N S RSSO SRR OIS I J0 | FRSEVHONS SUNPIN SO AN
Canyon. Altitude 9,100.
958 | Duchesne River area, Trail Lake. |--... JUUR 1 T PO AN AU Y SRS BV 1 EGIUNS IR AU S
Altitude 9,800.
986 | Duchesne River area, Julits |--.... U, Y0 N I, 2.8 .5 12| Lol...| 7| 2.4
Park. Altitude 10,000.
1012 | Price River area, Gooseberry |.-._.. U 1 T N I S 2.6/ .5 .7] .6]..._{ 8| 3.8
Reservoir, Altitude 8,700.
1022 | Price River area, Dry Valley [-..... 2~1-59|- -ev f-uu-- TP SV Sy R ;| WU NS SO S
Divide. Altitude 7,800.
1023 | Price River area, Mud Creek No, |...... RN T T SR SR A, USSR (Y1 SRR SN AU A,
2. Altitude 8,300.
983 | Fremont River area, Farnsworth |-_..._ b0 %] N FR A RO ORI (RN ;) SRR (PRPROE ORIV
Lake. Altitude 9,900.
985 | Escalante River ares, Widtsoe- |--.... JRORY 7 TR RO SR R, 1.2 .2 .6 .6)....] 4 1.8
gggglanw Summit. Altitude
980 | Virgin River area, Midway Val- |-cu___|.c.@0- |- foccofoanan 1.8 .4] .3| .2|----| 8| 2.5
ley. Altitude 9,400.
Snow samples from
347 | Denver Federal Center, north of |.__... 2-3-56-cuv|meann]ecnn- J NUEPRON PRI OO (IO B Y
visitors’ parking area.t
360 | 971 Winona Court. o ocooo._.__ PRI - ;1 F P A cmecfemmafecefrceafaes| 14| 2.6
390 { Denver Federal Center, near [...... 8-20-85|- o ae[eeeen ceaefmcanfecacfmcafaean| 4 L1
entrance B, Bldg. 25.
391 D%wieﬁd]i‘e%%ml Center, entrance |...... 82855 e loccnc]acanan Zeifeaaclamacecan]maa| 18] 1.3
409 | Denver Federal Center, entrance [-..... 8-26-55]ccac|acean|amanen eeecfacecfomacfcenfeeee| 8 L3
B, Bldg. 25.
484 | Denver Federal Center, roof of {.-.... 4-12-55|ccac|mccee]meann RN RV RN R N (S ¥ IS §
Bldg. 25.

See footnotes at end of table,
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per million, except pH and specific conductance—Continued

See footnotes at end of table.

- 86‘
[=] 8¢ =
2 REIR R
= |a A RE E 88 |8
o |& ole g | a 83| 3 g8 |2 Remarks
o ol 8 g|e S.181% 8 =
k=) = Py 3 o >~ B> 5]
B R E: solglg21 g1 4 g
2 |E|3 |5 |28 |E8 83 |
] |0 z Z |o A IA é nS =)
Nevada region—Continued
0.9] 0.1 0.00( 0.0 | 0.13[ 0.04] 8.7 | 1.0 9.9| 6.0 Snowslide about 6 ft deep, resting
on talus.
A 2l .00 .0 .02 .02] 22 10 21 | 6.4] Melt-water runoff, about 50 gpm,
8\6&' granitic falus. Lithium=
from Utah
Conservation Service personnel}
11 0.000{ 0.01| 0.1 [.....| 0.00] 6.1} 4.0 10 | 6.5
.7 PO SRS SV SO (RSP NV AR 22 ..
[ R FER RN FOUUN SN JUN RN M 42 |._..
] PR S PO PRI PR FRIpI U R, 12 ...
b | NV RSURR (RRPROINR PRI PRPIORNSY PRI PRI [N 18 .-
B3 R I RSN PRI FIPION SR R S [ I (-
O RN RO (VR A JRUGHNR SRR, b7 S .
.8f-.--| c000[ .01 .7 |-.... .00] 8.4 6.0 19 | 6.4
[N ] DU SO R PO — 39 | 7.2
b ) RO AU (RSN (R . RN S R 44 |
PR U SO AN SO 7 |----
1.8|._..| .000| .01] 5.6 |.____ .00 18 9.0 36 | 6.2
7l-aac] .000f .00 .6 |-...- .01f 13 8.5 25 | 6.6
] O PR D SN JEU PR P 18 |-
I U (RSO ONUURION RORPRORN FSURORN) FPIPID FRPUR S, 21 |oeee
b/ — RO (SN S SO B 18 [.-—-
8f....|.000{ 1.O| .3 |.....] .01f 8.5 4.0 18 | 6.2
8loaec] £000]-- 00| .9| .08 9.5| 6.0 18 | 6.3
the Denver, Colo., area
b W) PR RGO SRR SO FPIINR FRRIoN N 17 |ee--
b FRU SRR IR P, S, 42 | 6.4
55 ISP IR PRI PRPIOIURY FVRIRS PRSI S S 16 | 6.0
b ] RSPRORN RRIRY NGUN (EpU RO U ORI, S 30 | 6.9
I RN PRI PRI Y PR, S S S, 16 | 6.6
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TABLE 1.—Chemical analyses of snow and melt water, in parts

Source 1 ~
~ g9
g —_ oo 0 &)
£ 2 s S lE |8
Lab 2 5 R B M |2 A
No. Part| 2 |5 g Ogg"aq&’o
Material, location, and altitude lof8:| € |2 | 8 |5 (518 (S| 8§ S| g | 8
in feet eﬂa«a@,segggngg
- Py oy 2
wiel 3 (8|8 |2|2|8|2|2 5882
A a4 |8 |Oo|2|a|mj< |A|a
Snow samples from
1070 Dggver Federal Center, Bldg. |..-.-. b 2T [ N cemefemae e feeae ]| 4] 3.4
2229 | Denver Federal Center, snow of 10-25-57 R R
10-24~-57 and 10-25-57,
2235 | Denver Federal Center, snow of [._..-_ 11-8-57 RO, N [ .
11-7 to 11-8-57.
2236 | Denver Federal Center, snow of |- 11-15-57 B
11-14 and 11-15-57.
2251 | Denver Federal Center.
2273 | 405 Emerson Street. .
2291 | Denver Federal Center,
1-14-58.
2292 | Denver Federal Center, snow of
1-18 to 1-20-58.
2420 | Denver Federal Center; snow
storm from New Mexico area.
Denver area clear as of 0800 on
3-17-58.
2445 Den;ger Federal Center, snow of
2482
2501
666 | Odel Summit, U.S. Highway 97, 3-26-58 4 0.3]--c]  2[emae-
Oregon. {ﬁtitude 4,800,
671 | Rosary Trail Lodge road, U.S. |.o..._ 3-30-58 .6 Lb|--——| 2| 2.1
Highway 97, Oregon. Altitude
665 | Diamond TLake road junction |-...-. 3-26-58| .8|--ooo|--em- .0f .0 .7 .0----] 4] 9.6
with U.8. Highway 97, Oregon.
Altitude 4,600.
1096 | Mt. Shasta Ski Bowl, Siskiyou |..._._ b5~ 559 .0|occan|amaee .0 .0 1] .O0|----| 3] .8
County, Calif,, 400 yd east of
Ski Lodge. Altitude 7,600.
1097 | Mt. Shasta, Siskiyou County, |-.---. JRONOR; ' S Y 1] PRSI PR .00 .0 .2 .0}--—- 1| .8
Calif, Panther Meadows. Al-
titude 7,500.
1098 | Lassen National Park, Calif., 300 [------ 5~ 6-59| .0|-ca-cj-oae .0 .0f .2 .3|---| 2| LoO
yd above Lassen Marker 41 on
Lassen Park Highway.
1035 | Saratoga, Calif., junction of Cali- |....._ 2-13-59 <o |mmean|eemee .50 .3 .2f .8]----| 2| .4
fornia Highways 9 and 5. Al-
titude 2,600.
1036 | Junction of Jamison Creek Road |--.... JIUREY' T YU SR (SRR RN .4f .0f .3] .1f---- 2| .5
and Empire Grade, Ben Lo-
mond Mt., Santa Cruz County,
Calif. Alfitude 2,400.
1054 | 14 miles south-southeast of King- |-__.._ 8-26-59 o -|-ceme|meee .8 .11 .3 .1f----] 3| .9
man, Mohave County, Ariz.,
at Hualapai Mountain Park.
1055 | 8.0 milesnorth-northeast of Parks, |----.. RN 1 YO (RS NN P .4 .0 .3| .1f---.] 3} .7
Coconino County, Ariz., 100 ft
south of U.S. Highway 66.
1057 | 7.4 miles south of Flagstaff, Coco- |-----_ 3-27-59 o mc |c e |acmee .5 .0l .1} .0|----| 3 .8
nino County, Ariz., at Lind-
gﬁ Springs, on U.S. Highway
1064 | 10 mileseast-northeast of Pinetop, |----.. 83-20-59| - _|-ccecemmee 1.0l .ol .2 .0----] 4] .6
Apache County, Ariz., beside
Forest Service Rd.

! Samples are reported in order from west to east (see pl. 1) on each of the following traverses: along U.S.
Highway 40 and its access highways near the Sierra Nevada crest, extending into the Vir, City area,
Nevada; along U.S. Highway 50 to the vicinity of Carson City, Nevada; along California

and 108 and in the Yosemite area.

in order from north to south within each group.
2 ¢““W” indicates location on west slope of Sierra Nevada; “C” location near the crest of the range; “E’’

ighways 88, 4,

Samples from Utah and those from miscellaneous locations are reported
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per million, except pH and percific conductance—Continued

o)
- 5D

] ] B

S a | 8 g*s 5

= | =32 221 S | 88 |
o & ) a 22| 8 | ag |8 Remarks

s 2|28 |B8lz5| 3| SE |3

T |Elg|2|2(55| 2128 8|48 |8

2 |5|8|E|EEe|g|28| 5| 88 |n
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the Denver, Colo., area—Continued

2.2 32 |61

b UL ) R PR SR DRI SIS PRI SUUIIN R 16 |----

211 RS RPN PRI SR FEUPSY SR R P 40 |-

b8 RN PR (ESUPRIR (RORPIORY PRPRVIOR PRPIORY [P SR 25 |ea--

23 |....

90 joooo

17 feee

20 |-

8 fucae

b2 R NN SRV SISO SRS PPN MR S, 23 ...

L0 |emeas]omenn PRI EUEDIION I SO S, 54 ...

U8 1] PR DR EPIGUPIRH) PRSI PRSIPIVI PV PN PRI 33 |-

samples

.4i_.._|0.0 }0.00] 0.0 |-—_..|] 0.10| 3.0{ 2.0 3 | 6.4

F: A ¢ R SO 00] .4 .. 240 9.7 .0 4 {6.0

B N S L00] .0 |-cae- .28| 15 .0 4 |59

e2fmecs] L000[- e feoe e feeaem 2.6 .0 2 | 8.8

P § N Y1 ) DUORRNY R R (R 1.6 .0 3 |56

[ JSUSRG B 1 RORI PRSI PRSI 2.8 .0 2 |56

W7|aaae] 000 .00] .2 joo-- .04 3.6 2.6 8 |58

.6l--_| .000] .01} .1 |--_..| .04] 3.0 | 1.2 5 |67

1f-ecf .000{ .00] .1 |-—oo- .02 3.9 2.4 7 |58

e3f----] .000] .01] .1 |-ea-- .02y 3.5 1.0 5 | 6.0

23|-—co} L000] .01} L1 |ecoe- .02 3.4 1.2 4 |6.0

4f--..] .000] .00| .1 |-e_-- .02] 43 2.4 7 | 6.1

location east of the crest of the range. Only Sierra Nevada snow samples are so marked. Snow-melt sam-
ple locations (slerra Nevada only) are referred to nearby snow samples.
3 Sample 931: Determinations footnoted were made on part of sample treated with H3SOq, H,o,, and
charco: because of abundant organic matter present. Iodide=0.4; Bromide=0.00; Lithium=0.
¢ Snow samples from Denver were analyzed by the Quality of Water Branvh laboratory in Denver Sam-
ple numbers and descriptions follow notations received from Denver,
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Comparisons were made of the mean concentration of a constituent
in one sample population with its mean concentration in another
population (tables 2, 3); each comparison was tested for significance
using the ¢ test proposed by “Student” (Dixon and Massey, 1957,
p. 119-120).

The results of tests for pH and for electrical conductivity are
reported in table 1, but they have not been compared from one
sample population to another. This is because pH values change
during storage of water samples, especially, in the experience of the
writers, when the mineral content of the water is small.

TaBLE 3.—Comparisons of the means 1

Areas compared Ca Na HCO; 804 Ci Dissolved
solids
Sierra Nevada
‘West slope-crest .o —c_ooeeeee 2n.s. sns. >0.01 >’ orl.ls(i 2ns. in.s.
Crest-east SI0D.-oemeemeen <>o. ‘l)g ins, >.01 <.05 ins. ins.
‘West slope—east s1ope._ ... za Ins. 2n.s, ins. LT ins.
Sierra Nevada-Utah_.......__ >.01 ><0. ‘l)g >.01 >.01 >0.01 >0.01
Sierra Nevada-Denver_._. .01 >.01 >.01 ) I IO,
Utah-Denver. z 8? 2n.s. 2ns, L3 /- N N,

1 These comparisons were made using “Student’s” “t” test (Dixon and Massey, 1957, p. 119). Silica
showed no statistically significant differences among the areas for which data are available. Magnesium
and potassium were not considered because the variations in values obtained were not significant when
comlsareq with the variations inherent in the analytical methods used.

3 Not significant. The difference in the means is not significant at the 0.10 level,

In water samples having a dissolved-solids concentration ranging
from a few tens to a few thousands of ppm (parts per million), electrical
conductivity tends to be roughly proportional to mineral content.
A rule of thumb is that dissolved-solids concentration, in parts per
million, is equivalent to about 0.7 times the conductivity, in micro-
mhos. Examination of the results shown in table 1, however, makes
it clear that no consistent relation between dissolved-solids content
and electrical conductivity prevails in water having a mineral content
as small as that of the melted snow. Dissolved gases, not determined
in the analytical procedures, may be a controlling factor in the
conductivity of these waters.
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CHEMICAL CHARACTER OF THE SNOW

The melted snow from all the localities sampled is a dilute solution
containing some or all of the major constituents usually found in
surface and ground water. The maximum reported concentration of
dissolved solids is 18 ppm, in one sample from Utah, and the minimum
is 0.7 ppm, in a sample from the Sierra Nevada. The dissolved-
solids content of samples from Denver was not determined; it would
be higher than the average from the other areas, but it would still
undoubtedly average less than 50 ppm and probably less than 30
ppm. The mineral load brought into the mountainous western areas
and deposited with the snow, even in years of heavy precipitation,
therefore, is modest on a unit-area basis, even though regionally the
total load no doubt reaches considerable size.

The general chemical character of the melted snow is indicated in
tables 2 and 3 and is illustrated for 39 samples from the Sierra Nevada
area and for 6 samples from Utah in figures 1, 2, and 3. There is

EXPLANATION

Number of samples

AN
INONONININ/
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CATIONS ANIONS
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F1GURE 1,—Diagram showing general chemical character of snow from west slope of Sierra Nevada.
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EXPLANATION

Number of samples
L]

CATIONS ANIONS
PERCENTAGE REACTING VALUES

FIGURE 2.—Diagram showing general chemical character of snow from crest of Sierra Nevada.

considerable diversity in chemical type among samples from the west-
slope and the creast areas in the Sierra Nevada. Samples from the
east slope and from Utah, however, show (fig. 3) a preponderance of
calcium, magnesium, and bicarbonate. The samples from Denver
were not analyzed for calcium, magnesium, or potassium and therefore
cannot be classified as to type.

VARIATIONS WITH LOCALITY

Comparison of calcium contents in samples taken from west to
east across the Sierra Nevada (table 2) shows that the calcium content
increases progressively and that the increase from the west slope to the
east slope is statistically significant. An even larger increase is found
when all the Sierra Nevada samples are compared with those from
Utah; the Utah samples have on the average more than five times as
much calcium as do those from the Sierra Nevada. If the highest 20
values for calcium concentration in Sierra Nevada snow are compared
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EXPLANATION

Number of samples
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FI1GURE 3.—Diagram showing general chemical character of snow from east slope of Sierra Nevada and
from Utah.

with the values for the 20 samples from Utah, the Sierra average
(0.79 ppm) is only about one-third that (2.23 ppm) found in the Utah
samples. The increase in calcium content progressively from west to
east is the most persistent and pronounced trend recognized in a com-
parison of individual constituents in terms of the geographic location
of the samples.

Concerning most other major constituents, the trend (tables 2, 3) is
for samples taken near the crest of the Sierra Nevada to have smaller
concentrations than are found in samples from either the west or the
east slope. Not all the differences in mean concentration noted have
statistical significance. The differences reported, however, are
apparently relative to the crest of the range—not to altitude alone.
Comparisons of the concentrations of constituents with the altitude at
which samples were taken showed no correlation.

As with calcium, the concentrations of the other major constituents—
and of dissolved solids—are significantly larger in the samples from
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Utah than in samples from the Sierra Nevada. The observed mean
differences (tables 2, 3) are statistically significant at or beyond the
0.01 level except for sodium; the level of significance for sodium lies
between 0.05 and 0.01. The greater concentration in samples from
Utah persists with respect to calcium, bicarbonate, sulfate, and dissolved
solids, even when Utah averages are compared with the averages of
the 20 highest values obtained in the Sierra Nevada samples. Sodium
is higher in the selected 20 Sierra Nevada samples, and chloride is

equivalent in this comparison.
Average concenira-
Average concentra-  tion (ppm), 20 highes t
tion (ppm), all 20 values obtained in
Uteh samples Sierra Nevada sam-

ples
Caleium. . .. 2.23 0.79
Sodium._ oo . 60 . 88
Bicarbonate. . . . o ... 6.3 4,9
Sulfate_ - oo~ 2.25 1.77
Chloride. - - oo .97 1. 02
Dissolvedsolids.. .- .o _______ 10. 6 6. 54

All four constituents reported in the Denver samples show a greater
average concentration than the average in the Sierra Nevada snow,
and the differences are statistically significant at levels exceeding 0.01.
With respect to Utah snow, the samples from Denver have greater
average concentration of the four constituents determined. The
difference in mean concentration of sodium, however, is the only one
of the group having demonstrated statistical significance. The
Denver samples are from an urban environment whereas those from
the Sierra Nevada and from Utah are not. The observed differences,
therefore, may reflect local influences rather than a regional trend.

Sets of samples (analyses 565, 932, 1016, 1025, and 1080 being one
set and analyses 571, 572, 752, 930, 1015, and 1079 being the other
set; see table 1) were taken at each of two localities along U.S. High-
way 50 at various times during the study. These show variations in
concentrations of constituents within the groups and suggest that,
irrespective of locality, individual falls of snow differ in chemical
character and concentration. Some, but probably not all, of the
differences may result from additions from dry fallout, itself varying
in kind and amount.

NEW SNOW VERSUS OLD SNOW

Thirteen samples are identified in table 1 (Remarks column) as
newly fallen snow, as snowfall within 48 hours, or by a similar com-
mentary; and 19 are identified specifically as old snow that was in
place in the sample site for an appreciable time prior to collection.
The mean concentrations of the major constituents, and of dissolved
solids, in these groups of “new snow’’ and ‘“‘old snow’’ were compared.
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The numbers of analyses of individual constituents ranged from 6 to
19. The comparisons of mean concentrations in parts per million,
are shown below:

Average in Average in Apverage in Average in
new snow old snow new snow old snow
(6-18 samples) (6-19 samples) (6-13 samples) (6-19 samples)
Silica_ . ..-_.__. 0.0 0. 2{{Bicarbonate. . . 2.8 2.6
Calcium..___.. .6 . 1{{Sulfate..______ .7 .5
Magnesium....... 2 . 0||Chloride._ ... __ .6 .5
Sodium_______ 5 . 6||Dissolved
Potassium_____ 3 . 3|l solids_.._._. 4.0 5.0

Considered statistically, using the ¢ test, only the difference in calcium
content has significance. The confidence level for it is greater than
0.01. The appearance of the snow sample is not necessarily indicative
of its mineral content; some samples of clean, newly fallen snow were
high in dissolved-solids content relative to the average for all snow
samples, and some samples, old and dirty in appearance, showed little
mineralization upon analysis (analyses 1018 and 1081, U.S. Highway
40 group; 1079 and 1080, U.S. Highway 50 group. See table 1).

pH

The pH values reported in table 1 were recorded in the laboratory
at the time the samples were analyzed for their mineral content.
It is unlikely that they represent the true pH of the newly melted
snow, because pH is a physical property that varies in response,
for example, to changing degrees of equilibration of the water with
the partial pressure of carbon dioxide in the atmosphere, as well
as in response to other variables including temperature. In the
writers’ experiences with water low in mineralization, the pH measured
in the field is commonly different from the pH of the sample measured
upon return of the sample to the laboratory. For these reasons the
writers feel that an elaborate consideration of the significance of pH
of the snow is not warranted in this paper—and, indeed, that the pH
of samples of precipitation, as usually determined, cannot be used as
a property of the water in geochemical considerations, except with
reservations. However, pH measurements of precipitation samples are
commonly reported in the liteature, and the writers conform to the
practice.

In the Sierra snow samples, laboratory determinations of pH
ranged from 4.2 to 8.3. The median value was 5.8. The pH of 7
Utah snow samples ranged from 6.2 to 7.2. The median value in the
Utah group was 6.4. At Denver, pH was from 6.0 to 7.1. In the
group of 12 samples from various localities in Oregon, California,
and Arizona, the pH range was from 5.6 to 6.7; the median value was
between 5.9 and 6.0.
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These determinations indicate that, in common with precipitation
generally, the pH of snow in the West is for the most part less than
7.0. The progressive increase of median values from west to east
that is indicated by the data may have significance, but the un-
certainties mentioned above preclude too great reliance upon the
data obtained. The median pH values of the Sierra Nevada, the
Utah, and the miscellaneous samples are not far different from the
pH (5.8) of pure water in equilibrium with the carbon dioxide of the
atmosphere at 25°C.

MINOR CONSTITUENTS

Analyses were made for 12 minor constituents in a few to most
of the snow samples from the Sierra Nevada and vicinity. The
results are summarized in table 4. For the low concentrations of the
various constituents, the sensitivity and accuracy of analytical
methods impose a severe restriction on the confidence that can be
placed in the results obtained. The maximum values reported
(table 4) for the minor constituents probably set an upper limit to
concentrations existing in the samples analyzed. All values reported
for nitrite, nitrate, and boron are thought to be valid within the
accuracies indicated by significant figures. Other median and mean
values appearing in table 4 may not be real.

Aluminum silicates, especially kaolin minerals, are reportedly
significant in nucleation of snowflakes (Kumai, 1951, 1961; Isono,
1955). Eight snow samples were analyzed for aluminum. The
apparent presence of measurable amounts of aluminum in seven of
the eight suggests that clay-mineral nuclei may indeed contribute to
mineralization of melting snow. An alternate possible source of
aluminum, however, is dust falling on the snow. A more sensitive
and dependable method for aluminum determination is prerequisite,
however, to further useful search in this direction.

Silica was determined in 52 samples from the Sierra Nevada and in
six samples from the miscellaneous group. Silica was sought in each
of the eight samples in which aluminum content was determined, and
it was found to be present in three. The contribution of aluminum
silicate minerals to mineralization of snow cannot be evaluated from
existing data. Whatever its source, silica appears to be a fairly
common constituent in melted snow. Determination of silica con-
centrations in snow is of particular interest in the later comparison
(p. J27) of snow with melt-water runoff.

The scarcity of ammonis nitrogen (as NH,), a constituent that was
undetected in 16 of 19 samples, runs contrary to expectation, because
ammonisa nitrogen has commonly been reported by other investigators.
It is a transient constituent that is likely to be oxidized to nitrite (NOy)
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TaBLE 4.—Summary results of analyses for minor constituenis in snow

Concentration (ppm) Analyses in
Total which concen-
Constituent analyses tration was below
sensitivity of
method (report-
Mazx. | Median{ Min. Mean ed 0.00 ppm)
0.0 0. 16 58 33
.00 | .03 8 1
00 01 6 4
.00 .00 5 4
. . .00 .00 4 4
Lithium (Li)-ccaeaoaooo .0 {.0 .0 .0 7 7
Ammonia nitrogen
(a8 NHo_ ... 1.9 ].00 .00 .18 19 16
Nitrite (NOg) oo ___ .10 | . 00 .00] .01 37 21
Nitrate (NOg) - _____.__ .3 1.0 .0 .07 55 30
Bromide + Todide
a8 Br) ... ______..__ .16 | .04 .00 .05 19 5
Todide (T oo .10 | .00 .00 .00 39 38
Orthophosphate
(07 .14 1.01 .00 .03 19 8
Boron (B) « o e ccceceeeae .32 1.03 .00 .05 57 15

and thence to nitrate (NO;). If the Sierra Nevada snow samples
had been analyzed immediately upon return to the laboratory—or
better yet, in the field when they first melted—more samples might
have showed presence of ammonia nitrogen. This possibility, how-
ever, does not accommodate the experience of the Northern European
precipitation-sampling network (p. J34—J35); the network analyzes
samples as monthly composites, and yet it commonly reports ammonia
nitrogen (as NH,-N) in fairly large amounts. A sampling of 50
determinations made in 1958-59 by the network gave an average of
0.22 ppm of NH;-N. In this group, 0.92 ppm was the largest con-
centration, and in only 2 of the 50 samples was zero concentration
reported. The Sierra Nevada may be a nitrogen-deficient region—
concentrations of all nitrogen species appear to be low—relative to
other areas from which data are available. The small amount of
nitrogen in the Sierra snow may reflect the fact that snow-bearing air
masses reaching the Sierra Nevada have traveled from the ocean
inland without crossing areas where continental sources could be
expected to increase the concentration, in the air, of those nitrogen
compounds that would react with the water in the atmosphere.

The appearance of measurable amounts of boron, in 42 of the 57
samples in which it was sought, suggests that it is a common con-
stituent, seldom determined in other studies of the chemical content
of precipitation. Orthophosphate and the several compounds con-
taining nitrogen are natural plant nutrients and are therefore of
interest in relation to maintenance of soil fertility in the areas upon
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which snow falls. The low concentrations of these constituents show
that virtually the only function of snow in the forest economy of the
Sierra Nevada is to provide moisture.

CONTACT WITH THE LITHOSPHERE

As soon as snowmelt comes in contact with the lithosphere—that
is, with soil and weathered rock—the water undergoes significant
changes in mineral content and chemical type. Concentrations of
silica increase about thirtyfold, and concentrations of calcium,sodium,
bicarbonate, and dissolved solids increase from two to nearly five
times. The statistical significance of the differences of the means is
high for all except sulfate and chloride (table 5). The increase in
concentration of silica, calcium, bicarbonate, and dissolved solids
cannot be explained on the basis of concentration by evaporation
alone. The direction and amount of change involved as melt water
comes in contact with the lithosphere are indicated in figure 4 and
table 5.

Among the more striking differences in the samples compared is the
strong tendency for melt-water samples coming into contact with the
lithosphere to take on the character of calcium magnesium bicar-
bonate water, no matter what the chemical type of the parent snow.
There seems to be in the soil and weathered rock an abundance of
readily available alkaline earths as well as much available silica.
The increase in absolute amount and in percentage of bicarbonate is
most readily explained by the availability of carbon dioxide in the soil
atmosphere. The silica, sodium, and calcium are made available by
chemical weathering of the minerals that make up the granitic rocks.
Magnesium and potassium—as in other parts of this study—were not
considered because the variations in concentrations of these con-
stituents are not significant when compared with the variations
inherent in the analytical methods used.

TaABLE 5.—Comparison of selected constituents in paired samples of snow and
snowmelt runoff

Snow Snowmelt Yeovel of confi-
Constituents dence of differ-
ence between
Max. |Median| Min. | Mean | Max. [Median| Min. { Mean means
Silica (8i0g)._ ... 0.5 0.5 0.1 0.4 14 4.5 0.5 6.2 1 >0,01
Calcium (Ca)..... .5 ] .0 .3 2.4 .8 .0 1.1 >0.10<0.05
Sodium (Na)..... .9 .2 .2 3 16 .6 .3 .8 >0.06<0.01
Bicarbonate
L0 1) J— 6 3 1 2.8 16 8 3 7.6 .01
Sulphate (804).-. 18 3 7 2.0 1 8 12 Nog Signlﬁm cant
at 0.
Chloride (Cl)...-. . . .2 .9 4 .4 No% gi%ﬁﬂcant
at 0.
Dissolved solids. - 8.7 3.1 2.9 4.0] 28 14 6.6 16 >0.01
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FIGURE 4.—Diagram showing general chemical character of paired samples of snow and snowmelt runoft

The data for these comparisons come from pairs or groups of samples
taken with this end specifically in view. In each pair or group, the
sequence starts with a sample of snow—late-season snow inasmuch as
melt-water runoff was alsosought. The pairs include a sample from the
parent snowbank and a sample taken from a melt-water stream dis-
charging from the snowbank. Insofar as possible, the pairs were
chosen so as to eliminate the possibility of water joining the melt-
water stream from sources other than the melting snowbank. In
one place (analyses 753-756, U.S. Highway 50 group, table 1), a
series of samples was taken which started with a sample from a bank of
melting snow high on a rock face and included samples of melt-water
runoff collected progressively down the rock face for a distance of
about half a mile. In this sequence the possibility of increments of
water from other melting snowbanks cannot be ruled out. In all the
pairs or sequences used in this study the underlying rock was granitic.
Other information regarding the samples compared is given in table 1.
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In the following list of groups of samples considered (also see table
1), the first number given for each group is that of the snow sample;
the second number (and any succeeding numbers) is that of the snow-
melt sample. These groups, collected along the respective highways,
are: California State highways: 704, 705; 709, 710; 712, 713; 721,
720; U.S. Highway 50: 753, 754, 755, 756; U.S. Highway 40: 1081,
1082; 1083, 1084, 1085. Calcium and magnesium were not deter-
mined in the group including analyses 753-756. The character of
these samples, therefore, cannot be illustrated diagramatically.

SOURCES OF THE MINERALS
OCEANIC AND CONTINENTAL

The sources of some of the mineral constituents found in snow
can reasonably be inferred from present information; the origin of
others cannot. The origin of snow-bearing air masses over the Pacific
Ocean and the common nucleation of snowflakes upon minute frag-
ments of silicate minerals, especially those of the kaolin group,
suggest ready sources of sodium, chloride, and silica Both Isono
(1955) and Kumai (1961) identified the nuclei of individual snow
crystals under the electron microscope. The nuclei consist most
frequently of clay-mineral fragments having diameters ranging from
about 0.05 to 0.15 micron. In addition, Kumai (1961, p. 144) men-
tioned ‘“* * * innumerable very small nuclei * * * in the remainder
of the crystal.” Isono (1955, p. 458) identified sodium chloride
(grain diameter less than 1 micron) as the component making up
these tiny grains, but he noted that sodium chloride did not form the
principal nucleus of any of the snow crystals he examined. Dust
falling between snowstorms in the Sierra Nevada no doubt contributes
silica to the snowpack. Some of the silica in dust particles may be
more readily soluble than that which makes up some of the snow-
crystal nuclei. The numerous samples of snow in which no soluble
silica was detected suggest—if clay minerals are present as snow-
crystal nuclei—that the silica in the clay minerals is nearly insoluble
and that the silica content measured in snow samples probably comes
from dust.

The ocean is the probable source of most, or all, of the sodium and
chloride found in the snow; those snowfalls having a dominance of
sodium and chloride almost surely received the preponderance of
their mineral content from the sea. The addition of silica may re-
flect the tendency of snow crystals to form about clay-mineral nuclei,
the influence of dust deposited between snowfalls, or both.

That dust is a source of calcium and magnesium as well as of silica
is suggested in a study reported by Robinson (1936). On February
24, 1936, according to his report, a brown snow fell in parts of New
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Hampshire and Vermont. Analysis of the silt particles responsible
for the color yielded the following results, expressed in percentages:
Si0,, 48.9; Al,03, 20.4; Fe,0;, 6.1; Ca0, 5.41; MgO, 3.2;loss on ignition,
16.0. Robinson inferred from this composition, and from the presence
of fragments of “‘silicified organic remains,” that the silt originated
west of the Mississippi River.

The Central Valley of California, which lies between the ocean and
the Sierra Nevada, may provide some increments of dust to air masses
moving over it toward the mountains. The region extending east-
ward from the foot of the Sierra Nevada into Utah, however, is
definitely semiarid and provides a ready source of atmospheric dust
in/both winter and summer. The increase in calcium content of snow
with increasing distance eastward from the sea has been noted in the
present study. The calcium and magnesium found in snow probably
originate in large part as continental dust. In the intermontane areas
of the West, alkaline-earth carbonates are a major constituent of the
prevailing pedocal soils, and they occur as coatings on rocks, pebbles,
and sand grains in many places.

The bicarbonate content of the snow doubtless is mainly a direct
result of reaction of water and carbon dioxide in the atmosphere.
Additional bicarbonate may accrue from hydrolysis of minute frag-
ments of alkaline-earth carbonate minerals in the dust.

The boron content of the snow may originate from one or both of
o sources: the ocean on the one hand, and the Mojave Desert on
the other. The oceanic source is suggested by research reported by
Gast and Thompson (1959). Their laboratory studies imply that at
temperatures of about 30° C, nonturbulent air passing over sea water
may acquire, in the condensate collected, about 0.06 ppm of boron.
At lower temperatures the amount of boron is less, but throughout
the temperature range studied, boric acid in sea water retained a
measurable vapor pressure—hence, it would be available for incorpora-
tion in the atmosphere. These authors cited Japanese and European
studies indicating that the ratio B:Cl in rain and snow is commonly
hundreds of times larger than the same ratio in sea water, and they
repeated earlier suggestions that the boron content of precipitation
may result from sea spray, volcanic activity, dust, transpiration by
plants, and industrial pollution. Gast and Thompson (1959, p. 346)
concluded however, that evaporation of sea water is adequate to
explain the boron content of the atmosphere and, hence, that of
precipitation. In the present study, 57 samples yielded B:Cl ratios
ranging from 0.01 to 2.5. The ratio in sea water is about 0.0002. If
the sea is indeed the source of boron found in the snow samples, the
concentration mechanism is highly efficient.
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In a study related to the atmospheric circulation of particles
released by explosions at the Nevada Test Site near Las Vegas, List
(1954, p. 315-325) concluded that, at times, air masses from the
general vicinity of the test site circulate over the Mojave Desert,
around the southern end of the Sierra Nevada, and thence northward
over the Central Valley of California. This circulation pattern and
the abundance of boron-rich dust in areas within the Mojave Desert
and adjacent regions suggest another possible source for boron found
in the snow. Although present data do not allow firm selection
between the possible sources, the common presence and wide distri-
bution of boron in the snow—distribution in time and space—seem
to favor the Gast-Thompson hypothesis of oceanic origin. The
circulation patterns favorable for the transport of boron-bearing
dust from the Mojave Desert are apparently not of frequent occur-
rence, according to List.

Present information does not warrant discussion of sources of
other individual constituents. The entire picture is obscured in
part by inadequate information regarding the occurrence of the
constituents in snow, especially outside the Sierra Nevada, their
occurrence in the atmosphere other than in precipitation, and the
patterns of air-mass movement. The overall impression in the
minds of the present writers, however, is that sodium, chloride, and
probably boron are largely of marine origin; that bicarbonate is
largely of direct atmospheric origin; and that silica, calcium, and
magnesium are derived mainly from dust of continental origin. The
several compounds of nitrogen may also be continental in origin.

CONTAMINATION OF SAMPLES

In any work, wherein many of the concentrations reported for
individual constituents hardly exceed the sensitivity of the analytical
methods available, the question of contamination of samples must be
considered. It was shown earlier (p. J5) that, except for magnesium
and potassium, the variance of the concentrations of constituents
in the snow samples has statistical significance when compared with
the variance indicated by the analytical methods. There remains
then the question of contamination.

Low-alkali boro-silicate glassware was used both for sample con-
tainers and in the laboratory, except that boron-free laboratory
ware was used throughout determinations of boron content. Three
lines of evidence suggest that the reported results remain real despite
the use of glassware containing some of the constituents reported
to be in melted snow. First, examination of table 1 shows that
numerous samples had no measurable contents of silica, of sodium,
or of boron although they were handled similarly to those samples
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that did yield positive values of these constituents. It is also perti-
nent, here, to mention that at prevailing conditions of pH, the attack
by water on hard glass is negligible. Second, during this study
three special samples were maintained free of contact with glass
until the critical determinations were made. These samples yielded
silica values of 0.06, 0.07, and 0.20 ppm, respectively; sodium values
of 0.03, 0.1, and 0.4 ppm; and a boron value of 0.02 in all three.
Finally, the data in table 1 show what may conveniently be termed
“consistent internal inconsistency’’—that is, there is no suggestion
of correlation among contents of sodium, silica, and boron. Low-
sodium snow samples may have appreciable amounts of silica, of
boron, or both—and vice versa through the several possible combina-
tions. Were sodium boron silicate containers the sources of these
constituents in appreciable amounts, the presence of higher concentra-
tions of one of the three should be reflected by higher concentrations
of the other two in the same sample.

The possibility of sample contamination by leaching of glass con-
tainers is not entirely negated, perhaps. The writers think, however,
that it is a negligible factor, if present at all. Contamination during
laboratory analysis was avoided insofar as possible by taking great
precaution about cleanliness of apparatus and by carefully preparing
reagents. The results reported in tables 1 and 3 are thought to be
significant to the accuracy to which they are reported, with certain
exceptions noted. For those exceptions, the sensitivity and accuracy
of the analytical methods—not contamination—appear to be the

ources of possible error.

OTHER STUDIES

Occasional reports concerning mineral content of snow date back
ore than a century. The earliest records of which the present writers
ave knowledge are those of Marchand (1852) and Meyrac (1852).
archand (1852, p. 55) reported, ‘“The water from rain and snow gen-
rally contains an appreciable amount of iodine and bromine * * *7”
ut he gave no quantltatlve values. Traces of chloride in snow
* * * but never as much asinrain * * *’ were reported by Meyra.c
1852), who also noted some content of 1od1de a smell of ammonia
when the sample was treated with sodium b1carbonate, and some
ontent of organic compounds. Boussingault (1882) reported the
1tmte and ammonia content of five samples of Alpine snow taken
ring the years 1859-66.
The relation of airborne nitrogen compounds to maintenance of soil
utrients was the concern of Shutt (1908, 1914) and of Shutt and
edley (1925) in reports giving the results of a 17-year study of rain
snow at an experimental farm near Ottawa, Capada. They
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concluded that, on the average, rain supplied 83 percent and snow 17
percent of the total amount of nitrogen in precipitation at Ottawa and
that rain following brush fires was enriched in nitrogen. The study
was terminated in 1924 because ‘‘natural conditions’ no longer pre-
vailed (Shutt and Hedley, 1925). During the 17 years, analyses were
made of 495 samples of snow. Only nitrogen compounds were deter-
mined, however. The average nitrite plus nitrate (NO,+NO,)
concentration in the 495 samples, spanning the years 1908-24, was
0.19 ppm, and the average for ammonia nitrogen (as NH;) was 0.27
ppm.

Inspired by the work of Shutt and his associates at Ottawa, the
Department of Chemistry, Cornell College, Mt. Vernon, Iowa, began
a series of analyses of precipitation in 1910 (first publication: Knight,
1911) continued at least until 1936. In his second paper, Knight
(1913) reported chloride concentratious as well as those of the nitrogen
compounds. Thereafter throughout the series of papers of which the
present writers have found record, nitrogen compounds, chloride, and
sometimes sulfate were reported. The coincidence of higher concen-
trations of sulfate (as much as 40 ppm SO, in one sample in 1915) with
seasons during which coal consumption was high, is impressive. A
decrease in sulfate content of precipitation during the depression years
was explained (Williams and Beddow, 1932) by the increased use of
wood for fuel during this time when many people could not afford the
more expensive coal. The papers of the Mt. Vernon series that are
known to the present writers include the following, in addition to those
already cited: Knox (1915), Artis (1916), Peck (1917), Trieschmann
(1919), Moore and Browning (1921), Shaffer (1922), Fries (1923),
Woehlk (1923), Ribble and Bowman (1926), and Knight (1936).

The relation of snowfall and its chemical composition to air pollution
was the subject of a paper by Batta and Leclerc (1934), who analyzed
16 samples from a single fall of snow. The samples analyzed were
taken at various places in and near Liege, Belgium. The varying
concentrations of chloride, ammonia, and oxides of sulfur (reported
as SO,) were correlated with nearby industry: the oxides of sulfur,
with the combustion of fuel; and the chloride, with various industrial
sources utilizing hydrochloric acid. The ranges in concentrations
cited, in parts per million, are: SO, (recalculated from SO,), 1.5 to
81;Cl, 5.3 to 12; NH;, trace to 4.0; dissolved solids (residue at 110° C),
54 to 252.

Twenty samples of snow taken over a 3-year period at Mt. Haldde
in far northern Norway were analyzed for chloride as part of a study
related principally to condensation nuclei of frost. The range in
chloride concentration was from 0.0 to 5.3 ppm, and the average was
2.1 ppm. The work was reported by Kohler (1937). Atkins (1947)
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reported the electrical conductivity of two samples of snow falling in
England, but he gave no chemical information. The chloride content
of 68 samples of snow in West Germany was reported by Menzel
(1948). Of the total, 59 samples were taken on Donnersberg, a
small mountain east of Worms, in an area where air pollution from
industry was expected. At this locality the chloride concentration
ranged from 1.6 to 31 ppm; the average was 8.1 ppm. The 9 samples
from an agricultural area near Haid had a range in chloride content
from 1.9 to 26 ppm and an average concentration of 5.9 ppm. At
these sampling points, the chloride concentration in rain averaged
less than that in snow. The reported chloride values for rain were
Donnersberg, 4.5 ppm, average of 37 samples; and Haid, 4.3 ppm,
average of 51 samples.

The mineral content of 10 samples of snow from Finland was
reported by Viro (1953, p. 36) in conjunction with a consideration of
the nutrient balance in Finnish soils. Two samples were taken at
each of two stations, one sample at each of six other stations. The
average concentrations reported, in parts per million, are as follows:
inorganic solid residue, 5.6; silica, 0.51; iron and aluminum oxides,
0.23; calcium, 0.35; magnesium, 0.23; potassium, 0.43; sodium, 0.32;
phosphorous, 0.02; sulfate, 0.73; chloride, 1.0; nitrogen, 1.0. The
samples were apparently not filtered before analysis. This may
account for the rather high concentration reported for silica.

The average concentrations of selected constituents in 17 snow
samples collected at Kentfield, Nova Scotia, were reported by Herman
and Gorham (1957) and were compared, as follows, with average
concentrations in 23 monthly composites (each composite pertained to
all snow and rain that fell during the month); all concentrations given
below are in parts per million.

Average in
Average in monthly
anow composites
Sulfate (SOL) ' _ e 0.9 3.0
Ammonia nitrogen (NH3;-N) ____ .. .13 . 29
Nitrate nitrogen (NO—N) _ ot .07 .11
Mineral ash 2 _ _ e 2.7 9.9

1 Recalculated from reported sulfur (S) concentrations.
2 Represents dried residue evaporated in a silica dish and ignited to 450°-500° C in a muffle.

The most extensive collection of data on the chemical composition
of precipitation ever made is presumably that of the Northern Euro-
pean network, which was instituted in Sweden in 1948 (Rossby and
Egner, 1955, p. 119). The network expanded over the years
(Fonselius, 1958), and data accumulated were reported as soon as
they were compiled; data appeared in most issues of ‘“Tellus” from
1955 to 1960 (Egner and Eriksson, 1955: Svenska Geofysiska
Foreningen, 1960). The network was modified, and since 1960
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(Odén, Svante, 1962, written communication), the data have not been
published. According to Odén, collection of data is continuing
(1962), and compilations and interpretations are to be published.

In the Northern European network (Eriksson, 1955), samples
of all types of precipitation during the monthly period are collected
through a funnel that is electrically heated to 5°C and are stored
in a sample container beneath the funnel. The resulting composite
samples are then analyzed for content of sulfur, chloride, nitrate,
ammonia, sodium, potassium, magnesium, and calcium. Values for
bicarbonate, pH, and specific conductance are also reported. Owing
to the conditions under which the samples are collected, it seems
that the pH and bicarbonate values would be difficult to interpret
in terms of the original precipitation because they are subject to
change during storage of water samples in contact with air.

It is impossible to segregate with complete confidence those samples
of precipitation, reported by the Northern European network, that
represent only snow. Svante Odén (written communication, 1962)
provided a list of the Scandinavian stations where, during specified
periods of the year, precipitation probably consisted of virtually
nothing but snow. To provide a general indication of the concentra-
tions of some of the principal constituents in Scandinavian snow,
the records (Svenska Geofysiska Foreningen, 1959) of the stations
selected by Odén were recalculated to concentrations in parts per
million and are summarized in table 6 for the period December 1958~
March 1959.

CONCLUSIONS

Snow in the Sierra Nevada and other places in the western conter-
minous United States is notably low in mineral content as compared
with reported concentrations from other areas both in North America
and Europe. Wide variations in sampling procedures and in an-
alytical methods preclude rigorous comparisons of results of this
study with analyses of snow from other regions.

Except perhaps for samples taken in Denver, there is no detectable
influence from the activities of man upon the chemical character of
western snow. Continental sources of mineralization exercise some
control over concentrations in most of the snow samples analyzed;
the continental influence becomes increasingly evident with in-
creasing distance eastward from the Pacific Ocean. Dustfalls between
snowstorms may contribute more mineral content—especially silica
and calcium—to melted snow than do atmospheric particles entrained
with the falling snow.

As soon as melt water comes into contact with soil and weathered
rock, the chemical diversity characteristic of individual snows largely
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disappears. The pickup of dissolved constituents from weathering
minerals tends to overpower the chemical diversity of snow—at
least in those areas, as the Sierra Nevada, where the mineral content
of snow is very small. In other areas, as reported in the literature,
this dominance of the lithosphere might not occur.

Future detailed work in forestry, ecology, fish and wildlife manage-
ment, and water-supply development for all purposes, as well as
water-related geochemical considerations such as those pertaining to
development of mineralization of natural water and those pertaining
to mineral weathering, will require knowledge of the chemical char-
acter of precipitation as a starting point. The variations found in
chemical content from area to area in this study and the variations
between results obtained here and those reported from other regions
of North America and Europe imply that a general knowledge of the
chemical nature of precipitation is not enough. Detailed study of
local areas requires knowledge of the chemical nature of the precipi-
tation specific to those areas.

Melted snow can be successfully analyzed for 8-10 inorganic
chemical constituents, and the results are suited for use in geochemical
considerations. Adequately sensitive analytical procedures have not
yet been developed for other consituents, although for many, maxi-
mum concentrations can be determined with reasonable assurance.
Determinations of pH are generally not reliable for use in calculations.
Establishment of world-wide methods of sampling and analysis
would permit geochemical comparisons that cannot presently be made.
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