Salt Economy of Great Sait Lake, Utah

ABSTRACT

The sources of the salt in Greal Sall Lake are
muestigated, Lthe reserves of the mdividual ions doc-
umented, and the naturul gams and losses analyzed.
Also the effect of commercial extraction mm the
apparent balances is weighed.

It is concluded that for an uverage vear sall in
the amounts histed come from the following
SOUFCES.!

{1) The wtmosphere brings to the Great Salt
Luke watershed about 15,000 tons of new chioride
vearly, which is believed to come from the Pacific
Ocean,

{2} The atmosphere also picks up other salts on
the deseri floor and aerosol particles from the
Grear Salt Lake surfuce and deposiis 36,000 tons
of CF from these sources cver the watershed. The
rates of 1 and 2 have probebly held over the past
11,000 vears. Conclustons 1 and 2 are based on
farrly extensive aimospheric falloul data at 3 se-
lected stations.

{3) The dexiceation of Lake Bonneville from the
Provo level to the present lake which began about
13,000 years ago, resulted in the following accum-
ulations: (a} 130 mullion tons of CF by reduction
of iake wvolume and (b} 350 million tons due to
inflow vver a pericd of 13,600 vears, assuming in-
Houwsng streams carried only fallont CU (15 ppm).

{4} Springs bring saline waters from clav, sift,
sand, end gravel beds of the Laie Tertiary and
Quaternary valley-fills ta the surface and con-
imbute ehout 660,000 tons of CF ennually o the
lake.

A much higher conceniration of boron and
Lthium relative to the other fons in Great Selt Lake
than i sea water leads to the conclusion that since
closed-husin conditions have prevailed theve huve
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heen volcanic contributions lo the soluble com-
tenls.

Losses come from commercial NaCl extraction,
aboul 400,000 tons, and from gerosol jarmanon
from the lake, about 74,000 tons annually,

As a result of z‘hfse gains the lake now has a
reserve of aboui 4.7 billion tous af salt, another 2
brlfton lons are in the recycling regemen, and 2
biliton toms in the salt crusty and underclavs. Salt is
recycled by the atmosphere, by ground waiers, and
by lake rises and falls. The present streams and
springs are bringing 4.7 mullion tons of salt to

Great Salt Lake each year. Only the 15,000 tons of

Cl of fallout fs virgin, the rest is recycied. If if ds
assumed thet at the beginning of arid, low lake
conditions, about 1,000 wveurs ago, thal the
amount of salis available for recyciing was small
and hence the amount i the recycling regfmen was
neghgible; that the emount of recycled sali has
risen to a maximwm tedey, end further thet the
amount of recycled sali has doubled each 1000
vears; then the amount of safl that should have
uccumulated s about & billion tons, This s what
Wy Meayure.

The commercial extraction of the salts of potas-
soum, magneswurn, and {ithium s related to the nat-
wral balances. It is concluded that the haif-iife of
megnesium, vz, the time consumed (o reduce the
concentration  one half, f Guif Resources and
Chemical Corporation operates solely, is 200 years.
{f « second company of equal production rate 15
also active, then the helf-life will be about 100
vears. For potassium the half-life penod will be
150 and 75 years, and for F:!kmm, 77 and 38 vears.
Ii is assumed that productiom will cease to be prof-
ttable after the concentration has been reduced one

half.
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Salt Ecanamy of Great Sait Lake, Utah

INTRODUCTION

Corporation income tax problems incident to
extraction of magnesiwm, potassium, and lithium
from the waters of Great Salt Lake have illicited
the study of rates of depletion, if any, of the indi-
vidual cations. To accomplish this end, an analvsis
of ihe total salt economy, including the origin and
amount of the salt, was necessary,

Considerable new chemical data of the lake’s
waters and of the inflowing streams and springs
have been obtained in the past six years, and these
invite the study, Chlorde fallout in the rains and
snows of the Great Salt Lake watershed, as an
mdex of salt transportation by the atmosphere,
were gathered, and Lhese tell us considerable about
the pnimary and recyvcled origin of the salts in the
fake. Tt is hoped that these Facets of Greatr Salt
Lake’s economy can be reduced to a semi-
gquantitative basts.
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PROPOSED THEORIES OF ORIGIN OF SALT
IN GREAT SALT-LAKE

The following theories of origin of the salt have
heen proposed:

(1) The salt in Great Salt Lake has been derived
from halite beds of Jurassic age from the Arapien
Formaton of central Utah alter internal drainage
conditipns were established im the Great Salt Lake
region.

{(2) It has been derived from saline connate
waters of marine strata of Paleozoic age, which
have been released in the course of erosion, Ac-
cumulation could only have occurred since internal
drainage conditions have cxisted.

(3} It has been brought into the Great Salt Lake
drainage region by atmospheric transporl from the
TPacific Ocean and coneentrated in the lake by sur-
face runoff,

(1) It is relict salt from former lakes ol the basin
of internal drainage in Iate Tertiary and Quaternary
time and stored in the deep valley fills but now s
being released into the present economy. This salt
may have come originally from sources 1, 2, or 8.

(6 [t has been derived by weathering of the
rocks of the drainage basin.

{6) It has been contributed partly by volcanic
eminations, or by juvenile waters which emerge as
thermal springs.

DERIVATION FROM JURASSIC STRATA

It was suggested in 1938 that part of the salt was
derived from the Jurassic salt beds in Sevier River
Valley near Redmond (Eardley, [938), particularly
because Great Salt Lake and the nceans have such
similar composition {Table 1), The Sevier River
emnpties into Sevier Lake which Is approximately at
the Stansbury level and is closed and separated
from the lower Bonneville drainage by a shallow
affuvial sill. Swurficially, at lease, Sevier [ake has
thus not drained into Great Salt Lake since the

climate assumed its present andiiy, which started |

about 11,000 years ago {Broecker and Kaufman,
1965; Morrison, 1965; and Fardley, 1967). That
Sevier River and the lzke, however, find under-
ground discharge channels into Great Salt Leke
busin is most probable. Numerous springs in the
Dugway Proving Grounds at the mouth of the “0ld
Channel” and at Fish Springs Flat into which
Whidwind Valley debouches may indicate the
leakage. This spring water flows into the basin of
Great Salt Take Desert, however, and not directly
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Salt Ecanomy of Grear Sait Lake, {ftah

Table 1, Comparative Composition of Soluble Cantents of Sea Water, Great Salht { ake
Water, and Average of Streams and Springs Draining into Great Salt Lake.

Great Sait Lake

Waters draining

Sea Water Water into Great Salt Lake

SGs 1.3% 8.80- 8.21% 14.3%

cr 56.2 54,63 - 55.88 36.3

Na* 30.4 31.65 - 32,71 22.1

K 1.1 1.71- 212 15

Mg™ 3.7 291- 340 3.7

Ca 1.2 Jd9- 12 7.1

ce, " 3.4 06- .09 i2.8

L {.070 ppm 37.00 - 60.00 ppm

Figures tor Great Salt Lake ate from 1960 1965 {Hundy and Hahl, 1956, Table 1): Data for watcrs draining into the lake
are weighted averages of sampied surficiat inflow during the (961t and 1961 water vears {Habl wn Langford, 1964,

intn Great Sali Lake, but if Great Salt Lake were
about 25 feet higher it would flood the Great Salt
Lake Desert and the sali contents would be vom-
mon to both bodies of water. It is thus possible
that the Jeaching of soluble salts from the Jurassic
strata in San Pete Valley has conuribuied to the
salines of Great Salt Lake. The fact, however, that
the hasins ol the Ogden, Weber, and Provo.-Jordan
rivers each contribute large volumes of soluble sals
to the lake where no or little saline Jurassic shale
crops out, is adequate proof that the strata of San
Pete Valley are not the sole source of the salt in
Great Salt Lake.

In addition, the fellowing comparison is inform-
ative. Sevier River drainage covers 7,496,000 acres
(Mahoney, 1962} and the river coniributes about
240,000 tons of Na', K*, Mg™, Cl, and S0,
each year to Sevier Lake (Eardley, «i af, 1957),
The Bear River drainage covers 4,908,000 acres
and the river carries annually abour 550,000 1ons
of the same jons inic Great Salt Lake (Hahl and
Miwchelf, 1963). If the comparison of the two
drainages is justified, snd it seems it is hecause
both conrain much Mesozoic and Tertiary sedi-
mentary rocks, then each acre of land produces
only about one-fourth as much salt in the Sevier
drainage as in the Bear. There may be other factors
to consider, but these data by themselves suggest
that the Jurassic shales of San Pete Valley are not
very large contributors,

DERIVATION FROM SALINE CONNATE
WATERS OF PALEOZOIC STRATA

The postulate that the salt has heen derived
from saline connate waters in the old marine sed-
imentary rocks is difficult to analyze, Wells drilled
in the search for oil in these strata have found both
salime and fresh water, and deep mine workings
have encountered both chlotide and sulfate waters,
This may Indicate that some suline waters have
heenn or are being {lushed out. Existing saline
springs may be deriving their salt from the old
marine strata, but 1t seems more probable that the
saline springs are bringing to the surface saline
waters {rom the alluvial fill of Tertiary and Quat-
ernary age in the downfaulted valleys west of the
Wasatch Range, This point will be taken up later.

WEATHERING AS A SOURCE
OF THE SALT

Scurces of chiorine in vocks end sali.

Attention has been called by Correns {1936} to
fluorine and chlorine in various rocks, and in con-
nection with the ions of these clements in soils as
sesult of weathering, & few conclusions arc appro-
priate  to introduce the subject. Quoting from
Correns:

“It appears that fluorine s first of all imcor-
porated Lo apatite, and any excess cnlering mica,
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homblende and sphene. Chlorine is mainly incor-
porated in micas and homnblende. Part of the
halogens may be present in aqueous sclutions or
gases in mincral inclusions, or dissolved in solid
rock glasscs. . . Evidently, conditions obtaining
prior to the consolidation of magmatic rock—e.g.,
partial degassing -may decasively influence their
relative  proportions. .. In the weathering proc
esses, halogens are released to the soil and to the
hydro- and biospheres, The behavior of fluorine in
the soll depends upon the kind of weathering—i.e.,
upon the breakdown of fluorine-bearing minerals,
and perhaps possible combination with phosphoric
acid. Cnlorine 18 easily removed, but may return in
rain water. ~Coarse clastic sediments contain less
than average amounts of [uorime and chlorine.
~The pelites may contain larger quantities of fluo-
rine bur smaller quantities of chlorine. In lime-
stones a substantial proportion of the fluerine is
present in admixed clay materisls, or combined in
phosphate—. Unleachable chlorine is similarly
present, generally in small quantity, in part prob-
ably in fhuid inclusions. Among metamorphic rocks
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may be mentioned the fluorinerich greisen in
which topaz and Huorite oceur—und in skarn for-
mation where an carichment of chlorine in
amphiboles may be noted. Scapolitization may also
give rise 1o high chlorine contents.”

Disiribution of cantions in soils of
Great Lake Basin.

What do we lind by way of chlorine in the soils
ol the-Great Salt Lake drainage? A wealth of dara
on the soils has been compiled by the U.S. Soil
Conservation Service, bur unfortunately analyses
are made m standard practice only of the cations
Ca'™ , Mg™ , Na', and K'. Chloride ion data are
not obtained. Electrical conductivity is given, how-
ever, and thiz plus the Na', K7, and Mg™" ions
which appear to be combined with chlorine indi-
cate relative abunduance of chlorine in the soils of
the drainage area of Great Salt Lake (oral com-
munication A.J. Erickson, Soil Correlator, Soil
Conservation Service, Salt Lake City). A sample of
pertinent daix of one of the soils is given in Table
2.

Table 2. Soil on Limestcne and Shale
{(No. 893, Midway Pass}

Depth Cations extractable in sodium acetate Cations soluble in water Conduc-
in in, Horizon Ca Mg Na K Na K tivity
06 Ay 10.9 22 27 1200 48 81 4

515 A, 85 1.6 27 1.06 38 Ab 2
15-25 A, 6.3 0.4 21 .59 A3 22 2
2948 B,, 4.0 2.5 27 34 A48 A8 2
48-56 B, 4.5 1.6 27 31 .58 15 3
56-60 Baa A3 22 .3
66" B.. : . A8 23 .36

L} o 1 El ETE ")\4 B B
Conductivity is in BC x 10® Miltimhas per em at 25 €, Analyses are made only on particies on 2 mm size ar smaller, Larger Magments Tave
been screened out The figrores under cations extimetable in sodium acetate are in silleyuivaients per [00 g. s0il and under cations soluble in

wiier in milkiequivalents per lizer,

S
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Some «cighteen soils were selected lor the
study. These were all sampled at elevations of
about 7,000 to 8,500 [ect and east of Great Sale
Lake, Some samples come from Cache Vallev,
some from the central Wasateh, and some {rom the
western Umta Mountains, The high devation soils
were chosen wirh the hope of securing, as much as
possible, direct weathering data, with as litide as
possible of the effects of fallout and a minimum of
contamination from irrigatiom. Significant ohserva-
tions from these soil analyses are summarized as
follows:

{1) The top 1-5 inches of the mountain soils are
commonly conspicuously richer m the cations than
lower soll horizons. This applies to the A, and Ay,
horizons.

(2} The above distributions generally hold for
both the cations soluble in sodium acetate, and for
cations soluble in water, but there are exceptions,

{3) Cavons of sodium, potassivm, and mag-
nesium  commeonly  are distributed in the same
seguence which may be highest at the top and
lowest at the hottom or vice versa, or high in some
intecrmediate horizons, However, in some soils the
three cations arc not in parallel arrangement (Table
3.

(4) The significance of these distributions was
sought in the kind of rock from which the soil was
derived. Five kinds of parent material are rep-
resented in the [8 soils namely; (1} andesite or
glacial or alluvial material with abundant andesite
fragments, {2} quartz diorite or glacial or alluvial
material with diorite. fragments abundant,
(%) quarizite or sandsrone or alluvium derived prin-
cipally from these rocks, {4} limestone, shale and
sandstone  from the Ogquirth Formation, and
(2} Terttary conglomerate or alluvium on conglom-
erate, Little gencral difference of the soils can be
made out by inspection of rthe analyses, but it is
apparent thai in the {ive andesite soils Mg™ and
K" are richer than in the non-andesite soils {Table
43,

Conclusions regarding weathering

The significance of the distibution of cations in
the high Wasatch soils is not obvious. It would be
desirable to have chloride and sulfate ion analyses
in addition to the cations in bhorh sodiom zcezate
extract and water extract, but these are not avail-
able. Tn fact, analyses of the water soluble cations
of enly a few soils are available. Conclusions that
may be reached tentatively from the inadequate
data are as follows:

Sak Ecanomy of Great Sak Lake, Utah

(1} Mg"™ enrichment in the lower soif horizons
may mdicate derivation from the bedvock. This is
suggested in three of the andesite soils,

{2) The predommance of the cations in the
upper inch or two of maost of the soils suggest
derivation frem the atmosphere as fallout. Precip-
itation moisture at first moves downward, but
upon evaporation and drying it is drawn back up
and leaves the soluble cations near the surface,

{3 A high concentration of soluble cations in
some mtermediate soil layer Is regarded us g result
of a heavy rain or snow with high salt content,
Considerable of the water and its contained salt
would seep down below the normal depth of pene.
rraton, Considerable soil meoisture usually would
be drawn back up to the surluce by capillary ar-
traction during a dry spell. The intermediate salty
layer is thus probably a temporary condition.

(4) More work must be done on the sodium ace-
tate extract in order to determine the origin of iy
ions. The generally parallel arrangement of the jons
liberated by sodium acetate solution and by water
suggests that those in the acetate solution were also
largely contributed by armospheric fallout, but in
time have become [ixed in the soil horizons and
nof immediately available m water sobution,

(5) Salt conrent of the soils is due in small meas-
ure to weathering of the underlying rock materials,
Neither fallout nor reck weathering, individually or
together, on the basis of data considered is
adeguate to account for the salt increment that the
rivers and springs hring to Great Salt Lake.

However, some scientists contend that the
weathering and leaching of granular aggregates
derived from the highlands but now reposing in the
lower basing yicld substantial amounts of dissolved
solids to percolating ground water. J.W. Hood,
personal  communication. The writer recognizes
that such waters hecome rich in CI', but regards the
Cl™ 1 be of atmospheric origin primarily.

JUVENILE WATERS AND
VOLCANIC EMINATIONS

The warm or kot springs referred to in previous
paragraphs in Urah Valley topether with those
along Lhe Wasatch front and around Greatr Salt
Lake have temperatures above those of normal sur-
[ace waters, A number of them emit H; S fumes.
The thermal nature and the H, S gas may lead some
to think that they are of juvenile origin. The
thermal springs of Utah are discussed in 2 special
study by Milligan und others of the Utah Water and
Power Board. They are all Listed as chloride waters
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Sait Economy of Great Salt Laka, Utah

Table 4, Comparison of K and Mg in Soils Develaped in Parent Materials Rich in
Andesite ar Containing no Andesite.

K My
Suil
Horizon Non- Non:
Andesite Andesite Andesite Andagite
A 1.21 94 3.09 2.156
1.60 .58 4.60 208
G .49 A5 3.80 1.93

Figures represem! sislium acetate extract amounts in mitliequivalents per 100 grams of soil.

and according to James Mundorif of the US.
Geological Survey thev are generally similar to the
cold spring waiers in chemical analyses. The only
constituent thar possibly comes from within the
earth, is 1, 8. The thermal nature is not belioved 1o
e due to hot ascending waters, but to the fact that
the meteoric waters penctrate to depths sufficient
to be warmed up before retwmning to the surface,
in the course of this cirewdating they mingle with
saline waters to various degrees, Thus, truly
juvenile warers are not believed to have con-
tributed to any measurable degree to the salinity of
Great Salt Lake,

Closed-basin lakes in volcanic regions have a
characterisuc chemistry that identifies themselves
4s having derived their salts, partly at leasy, from
volcanic liquids and gases. Searles Lake is an ex-
ample. Great Salt Lake is classed with those of
sedimentary terrains and has composition similar
to sea water (Clark, 1924). It is, therefare, not
helieved to have derived any appreciable amount of
its salts from volcanic eminations. Under a later
heading minor constituents, boron, potassium, and
lithium, will be discussed, becsuse they are in ex-
cess of the normal marine proportions, and pos-
sithly may have come from volcanoes.,

SALT FALLOUT FROM
THE ATMOSPHERE
Frevious Studies.

Alihough not many fallout or washout data are
available for the Great Salt Lake basin, more are

available for other regions, and thus it has been
documented that the troposphere transports and
deposits sizeable quantities of water-soluble ions as
well as solid mineral and organic particles. The fall-
out jons with which researchers have generally con-
cerned themselves are CI, 8O,, Na’, K', and
Mg" . Rain water carties all these lons, more in
one place than another, and all but 8047 are re-
garded as predominantly maritime components)
that is, they are gathered into the atmosphere from
the oceans.* The close resemblance of Great Sait
Luake waters {0 the oceans invites z siudy of atmos-
pheric transported salis {Table 1),

A map by Junge (1958} of the western United
States showing Cl- concentration in rain water sug-
gests that a good part of the Cl” is lost along the
continental margin and bordering mountains, and
that only one-tenth to one-fourth of it is trans-
ported as far inland as the Great Salt Lake drainage
basin, Junge reviews other examples of transport,
and finds that the chloride content reaches the
halfvaloe at 600 w0 1280 kilometers from the
coast.

* 8047 juns da tamn do oaot prove a relmble goide to an oceanic
source. Jensen and Naka: (1961) have demonsirated from sulfur
isotope studies that the prime scurce of 547 is atmospherically
okidized Hy8 which has heen produced by 2nacrobic bacreria along
tdai Hais sad swampy couast lunds, They believe thal ondy a minor
art of the S04 in acrosols is of noeanic water derivanon. The
877 amalvses of sea water yield uniformly a figure of +20.7 per mil,
whereas those from the atraasphere ratge from +3.2 to +15.6.
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As far as the Great Salt Lake watershed is con-
cerned junge concludes that here 0.2 parts per mil-
lion (mmp} of CI" is precipitated from the
atmosphere. The paucity of data used m the con-
struction of Junge’s map lcad the writer to embark
on a chloride fallout measuring project, which is
described in the following paragraphs.

Collection Stations.

Three stations weve chosen in the Great Salt
Lake watershed for the collecting of rain and snow
samples; one at the U.S. Weather Bureau of the
Municipal Airpert west of Salt Lake City at an
elevation of 4,200 feet; one ail the writer’s home
on the east bench of Salt Lake City at an elevation
of 5,000 feet; and one at the Avalanche Station of
the U.8. Forest Service at Alta at 9,000 feet in the
Wasatch Mountains. Systematic collecting of pre-
cipitation started on February 12, 1968 and con-
tinued until November 1, 1368, Channel samples
through the snow pack in a number of places were
taken in order to estimate the chloride content of
the snows in the mountains of the preceding few
months (Table 5}. The snow pack data are belteved
to span the precipitation fallout for the winter
snow period in the Grear Salt Lake drainage basin,
and the collecting period from February to
Novemher spanned the rain-fall period. At Alta,
however, a2 number of snow falls were collected
mdividually and analyzed.

Other collecting stations west of Great Sdlt Lake
were established at rhe U8, Weather Rureau Sta-
tions at Ely and Elko, easterm Nevada, Walier
Herrick at Ely and Omar Sinclair at Elko, were
very kind to do the coliecting and maiding of the
samples. Samples from these stations were thought
desitable to gain a feeling for the pick up of salt, if
anv, across the desert loors and Great Salt Lake as
the storms sweep from west to east. The period of
collecting was the same as for the Salt Lake sta-
tions, but road building operations at Elko for a
time prevented the collecting there of good
samples.

Analytical prodecure,

An analytical method for chloride in natural
waters Lhat could be carried out on samples as
small as 30 cc and which would measure 0.1 part
per million was devised by D.L, Barker of the Uta
Geological and Mineralogical Survey. 1t s a color-
tmetric method and 2 modificarion of a procedure
by DM. Zall, D. Fisher, and M.Q. Garner, Ana-
tytical Chemistry 28, 1663 (1956), and L, Skaggs,
Technicon Corp.
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Tahle 5. Chloride in
Compaosite Snow Samples
Winter snow pack 1957-68
in parts per milion

Sierra Nevada

West side Danner's Summit {7200') 6.13
East side, Rose Mountain {88007 2.00
Central Nevada
Austin Summit 14
Eastern Nevada
Schel? Crask Range 4.2
Schall Creek Range 6.52
Schieil Cragk Aange 2.75
Saxton Peak 1.2
Egen Range 0.46
Barsey Basin 1.82
Green Mountain 8.51
Lghman Cave 4.8
Central Utah
Cedar Breaks 8.6
Partey’s Summit K

Uinta M., west end at Hnweiis Gate 0.86

Analyses by David L. Baber, iah Geologieal and Mineralog-
ical Surveyv. Eastem Nevada snow simpies through the assist
of Walter Hermick, US. Weather Bureau al Ely and Omar
Sinclair, TLS, Weather Bureass at Etko.

Bavic fallout data.

The number of samples collected and analyzed
from the Great Salt Lake watershed is as follows:

Municipal Airport, 38; Home, 42; and Alta, 24,
From Lly 25 samples were obtained, and from
Elko, 1Z. They are the basis from which the
various calculations that follow were made.

Feth {1967) and Whiiehead and Feth {1964)
have been concermed with the dry fallout that is
dropped by the atmosphere between rains and
snows, and conclude that the watersoluble parts of
the dry faullour must be included with the wet
when amounts and effects of precipitated salts are
bemg computed. For this combined fallout they
use the term “bulk precipitation.” Tt is helieved
that the samples collected for the present study
represent the bulk precipitation for the following
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vreasons. The standard Weather Bureau rain gaoges
used were lirst wasied cui with distilied water, and
left in place therealter under open atmospheric
conditions, during the period of investigarion,
Whar dey fallout occurred was washed insto the col-
leeting basin with cach rain or melted snow, and
thus its soluble content became part of the rain or
snow sumple, As {1 as dhe snow pack samples of
the totaf winter snows are concerned, it is evident
that the dry [ullout would be mmcluded. Towever,
the possiblity does cxist with the snow pack sam-
ples that water from short episodes of thawing
might have leached the salts from the upper layers
and caried them io lower layers or even o the
underlying soils. Since the samples were collected
in mid-February, no melring had probably oc-
curred. Also a perusal of the snow pack CI
analyses does not lead to a suspicion of hregu-
larities resulting from ieaching,

Observations on chloride falloul.
J

Obsepvasions  concerning  chlonde  [alout are
summarized as [ollows:

{1} Snow contains less chloride than ramn. A
Alta the srowshad a weighted average of 0.85 ppm
Cl. The weighted average of the rains at Alta was
1.2 ppmr Ax Cedar Breaks and the west end of the
Uinta Mountains the average was 0.73 ppm. Eleven
snow profiles from castern California and central
and western Nevada averaged 2.3 ppm CF. This is
higher than in Uizh, and mav be due to dry dust
talls in times between snow falls. The samples col-
lected at Alta were luken tmmediately after each
fall,

{2) Weighted average of annual CI7 precipitation
was least at Alia, intermediate at Home, and high-
st at the Airport.

Home {5,000 {1}—1.91 ppm CI
Abrport {4,200 (t)~3.75 ppm CF

{3) Small rainfalls have highest Cl” content, and
large ramfalls have fowest conlent, Smallest rainfall
at Home was 0.03 in with 54.0 ppm CI. Largest
rainfall at Home was 0.80 in with 0.08 ppm CI".

(4) Can’t recognize the progressive sweep of
storms from Nevada to the Great Sajt Lake water-
shed, but certain ruins within the watershed had
fairly uniform quality. Study Table 4. From this
table it will be scen that:

a. The rvamn of April 4 had uniform quality at

Airport und Home. '
b. The rain of July 22 had uniform quality at
Home and Alza.
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¢. The rains of August 13, 14, and 17 had uni-

form quality atr Ajrport and Home.

(511t 15 conchuded that the ramns of small
amounts and with high CI content were very
spotty, and that spring, summer, and ewly fall
vains are associated with very turbulent atmosphere
with trequent pick-ups of salt from the desert floor
ad from Great Sali Lake, and with eratic fallout
patterns of the resulting rains,

(6) The main problem in this study is to deter-
mine the amount of CI7 {salt) that comes [rom the
Pacific Ocean, which wounld be considered new salt
in the Great Salt Lake watershed, and how much
of the salt that falls out is locally recireulated or
recycled.

Virgin salt from the Pacific Ocean.

By perusal of the fallour data it will become
evident that the bulk of the Cl” analyses show less
than 2 ppm Cl7, and that those higher than 3 ppm
spread out over a wide range, From this and the
foregoing observations, it secms to the writer that
the rains with the low G conwent comes rom the
atmosphere  uncontaminated with local ground
dust and lake sprav, and that their storms bring the
salt from the Pacilic. Further, it would seem that
the eratic, high-chloride rains have had consider-
able salt added to that of the Pacific acrosols by
local pick-up. In order to get u berrer picture of the
Cl- fallout data in this regard, the analyses were
plotted by frequency of occurrence and by umount
of G {Fig. 1). It is fairly evident thal the low-
chloride rzins and snows form a singular and reg-
ular group, but that the high " rains form
irregular group in numbers, content of CI°, and
also, 1t may be added, in distribution, This seems
saiisfying evidence that the Cl fzllout in amounts
below about 2 ppm is mostly virgin and has come
from the Pacific Ocean, Amounts beyond 3 ppm
must contain considerable recycled salt already in
tie drainage region of the Great Salt Lake or in
desert areas surrounding or west of the basin, per-
haps in the Great Salt Lake Desert. It is on the
basis of this conclusion that the volumes of new
salt brought in by the atmosphere cach vear are
calcudated.

But the chloride content of the rains indicated
as coming {rom the Tacific {Fig. 1} s less than 3
ppm, and a weighted average ol these 35 0.674
ppm. It is thus concluded thut the average precipi-
tation in the Great Sale Lake watcrshed brings
0.674 ppm ol new chlovide into the dramage which
will be wushed mto ihe lake. Also in order to cal-
culate the volume of recycled salt each vear, 0.674
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ppm must be subtracied from the we;ghted avrracm
of total prcnpztauon :

Volume of oirgin safé a‘;mafﬁt to r?’te
Great Sali Lake watershed annually. :
Using the figire of 0.674 ppm of cliloride m-thc
precipitation that falls over the Great § :
watershed, and the volume of precipiation ;that
comes each year, we can compute thf: velu'_ :

o Great Sait Lake. Othcr salt in thc raing: and
snows must be considered to be recycled if _Ihe'
amount in the preeipitatifm is more than (674
ppra. o
The precipitation data by Mahoney {1962) {or
the Great Salt Lake watershed are as follows:

acre-feet
Bear River drainage 7,399,684
Brigham City drainage 160,145
Weber River draitnage 2,564,418
Farmington drainage 173,187
Jordan River drainage 879,725
Provo River drainage 1,246,004

Spanish Fork River drainage 1,172,105 B
Utah Lake . . _ o TTLB34 .
Great Salt Lake _ 1,655,981 .
Skull Valley o 672,091 -
Tocele- Rush Valiey - Y52,686
Total precipitation 16,903,508
Ro'u'nded to i 6,900,09'{_} )
Therefore:

16.9 X 10% acre feet of precipitation X 0. 674'

ppm ClI

X 0.00136 (tactor convert ppm 1o mns[dcre '

ft.)

1

Salt Lake’s sall economy,

The rotal amount of CI" dropped by precipita-
tion in the Great Salt Lake watershed can be calcu-
lated if a weighted average of the total Gl content
is obtained. It will be assumed that the area of the
basin represented by the Airport station at 4,200
Feet will have a factor of 1; the area represented by,
the Home station at 5,000 fect will have a factor of
1; and the areare prcscnted by the Alta S‘Edtl()n wzll i

T - S S— &

15,490 new tons CI” per vear added to Great
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huve a factor of 0.5, it will be assumed also that
the precipitation of the Alrpart area will be 15 that
of the flome station 25 and that of Ala 3. Thus,
the importunce of the three areas as far as volume
of precipitation iy concerncd 1s

Airport area 1 X i =1
Uome area, 1 X 2 = 2

Alla area, 0.3 X 3 = LB

Thus ) e

Airport weighted average of recycled CIF will be

3.81 ppm munus 0L674 ppm {(virgin CI') = 3.136

ppm.

Thixs times a factor of T = 3.136 ppm.

Home weighted average of recycled CI7 will be

2.00 ppm minus 0.674 ppm = 1.626 ppm.

This times a factor of 2 = 3.252 ppm.

Alta weighted average of recycled I will be

(.536 ppm.

This is below the general average of the
uncontaminated precipitation. This times a
factoer of 1.5 = 0.704 ppm.

Now, if 3.136, 5.252, and 0.74(t ppm are added
and divided bv 4.8, the result will be 1.575 ppin
CI, which is the weighted average of the CF fallout
of lacal derivation.

Thus, the total annual amount of recycled CF, in
addition to the virgin Cl” from the Pacific, is

16.9 X 10° acre {eet X L375 ppm CIX 0.00136

{(factor = 35,200 tons of CI" already in the Grear

Sait Lake economy but which is being recyeled

by the stmosphere annually.

[t has been calcidared on theoretic grounds
(Langbein, 1961) that Great Salt Lake stands to
fose annually by aeroso!l formation about 40,000
tons of Cl” which Is carvied away in the track of the
storms. Presumabiy not ofl of the aerosol particles
are precipitated in rain drops or snow Hakes—soine
cvaporate and the resulting salt erysials become
atmespheric dust. 'Thus, two consequences may be
postulated: {1j only part of ihe aerosol loss from
Great Salt Lake is dropped over the watershed
whereas part 1s carried beyond, and (2) the part of
acrosol that serdes to the surface of the watershed
talls both as dust and as precipitation fallout. Thus
only a small part of the acrosel loss from Grear
Salt Lake needs to be precipitated as rain or snow
m the watershed.

In any event, one vew's CI fallour is a small
fraction of the annoal milow in Great Salr Lake.
The average annual inflow of soluble salts is sbout
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5.75 million tons which is composed of 36.3 per-
cent €I (Hahj and Langlord, 1966). Thus there 15
an average anpual addition by inllow of 1.36 mil-
Hon tens ol CF. Assuming 31,700 tons of CI full.
out annually, {15,500 + 36,200} the Great Salt
Lake inflow is 26 times as much. Other factors
must prevuil in the salt economy ol Great Salt
Lake!

If the rate of 15,500 tons of new CI fallont per
vear Is assumed, it would take 170,000 vears to
sccumulare the salt in Gyeat Salt Lake {sbout 2.7
hillion tons of toral sali or 2.5 billion tons of G}
It appears that only sbout 13,000-.15000 years
are available or possible for the accomulation, Lven
il the entire Boaneville basin is considered as the
{allont carchment area, which is about iwice as
large as the Great Salt Lake watershed, and il the
rate or precipitation were at  first somewhat
greater, the time of accumulation is sull longer
than cxpected. But theve are other factors that
must be considered.

SALT ACCUMULATION BY DESICCATION
FROM PROVO LEVEL

In calculating the amount of Cb that concen-
trated in the lowering of Lake Bonneville [rom the
Prove level 1o Great Salt Lake {from 4800 feet to
4200 feet), the amoeunt of € that existed in the
Ieke at the Provo level, the amount ihat the
streams brought in during the decline must bederer-
mined.

The amount of CF that sccumulated during the
desiccation of the lake below 4800 fect (simply by
reduction of a static lake volume) may be found
approximately as follows:

Chioride content of lake warers at Provo level

assumed to e about 25 ppm

Volume in acre f{eer at Provo level—
3,800 ¥ 10¢

5800 x 10° x 000136 (factor) X 25 ppm

Ck = 180,000,000 tons of Cl', approximately.

{t will be usspmied for the present that desic-
cation befow the Provo level starsed abour 13,000
years ago. Within 2,000 vears it had reached the
prosens Great Sait Lake level. Thus for the past
11,000 years the regimen of stream flow and intro-
duction of €l would have been approximately
what it Is now. But Tor the lirsi 2,000 years the
mircducuon of {7 would have been greater. Pre-
cipitation would have been abont 19,000,000 acre
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fect per year at the start of the decline, as shown
helow:

15,000 sq. miles (area of lake) X 640
acresfmile X 2.0 feet of evaporation per
year) = 19,000,000 acre feei per year which is
the measure of the water increment necessary Lo
sustain the lake. This is made up of precipitation
on the lake and stream inflow.

The relative amounts contributed by in
streams and direct precipitation on thg

estimated as follows, The lake at the |
occupied about 35 percent of the drainuge b
judged from Gilbert’s maps, and thus apgp
mately 33 percent of the 19,000,000 acre fee
would come zs direct precipitation on the la

-

Tabie 6. Failout Samples from Municipal Airport

Date of {nchas.of Parts par

collectinn precipitation {A) millior Ci™ (B} AXE

2/12/68 213 150 1.86
Z13/68 L. 84y 1.8 6.735
2/13/68 0z 6.0 1.320
Z/17/6R g 11 1.278
2719 & 2)/6R . BNEEEN 4.3 1.032
2/21/68 Ry 343 0.248
2/77/ed 1.8 s 1.130
3/7/68 048 1.8 0.864
3/9/68 ) .54 142 0.825
3/49/68 . B2 246 0.048
3/13/68 819 5.26 0.528
3/17/88 iRl S 35 0830
3/11/68 5.68 446 0.357
3/17/68 . - 63a 182 0.532
3/19/68 o AN 1.4 D154
4/2/68 G715 {.285
443188 | .30 0.123
4/5/68 G.6C 0.036
4/6/88 " 142 0.582
4/16/68 170 1.8710
4/21/68- 085 0.234
A/22/68 633 043
B/ ?4;'8_1! ) 380 1.406
5/15/68 . 156 0800
5/16/68 . B.7 1.478
6/22/68 517 2378
5/25/68 BA 2100
B/5/68 351 1.028
B/8/6E 4906 4666
B/:0/B8 Z.28 1,163
B/13 & 14/68 B.65 3724
B/17/88 7G5 2885
B/22/88 . 0.83 G533
9/13/58 14.57 5.733
8/20/68 8.88 .18
18/14/68 .00 §.240
10/30/58 ] 8.33 g.0a7
10/30/68 0.14 .01 4,70t
Total  10:93 £1.780

41.780

————

10.93

3.82 ppm €1, weigh.tsd average of all Alrport samples
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Assuming the precipitation contained 1.57 ppm CI°
{see p. 88}, then the amount of C1" that would {all
1n one year would be

1.57 ppm X .35 X 19,060,000 X 0.00156
(facior} = 116,300 tous Gl
in the cooler and more humid climate of Lake
Bonneville time the entering sweams probably
would have contuined less CF than they now do ut
the 4500 foot elevaiion, which is 25 ppm. As an
approximation it will be assumed thut they con-
tained 15 ppm, and lurther, that the Cl° derived
from the soils s partlv an accumulation of many
years of previous fallour,
Thus

13 ppm X 0.63 (area of watcrshed)
X 19,000,000 X 0.00136 (facior) = abous
0.23 million tons CI” per vear.

Thus, each year at the Provo level, 13,000 vears
ago, the lake received approximately .26 milhon
tons of Ci°, It is assumed, further, that saline
springs were nol lmporiant coniributors, as they
are al present. In any event, saline springs are be-
lieved 1o be bringing in recycled salt of older lukes
now in storage underground, and for the present
purpose only [allout salt of the present regimen i1s
considered.

Now, il it Is assumed that the yearly increment
of CI- gaaduﬁliy changed to what it is now in the
desiccation of the lake from the Provo level to the
level of Great Salt Lake (13,000 vears to 11,0007,
then the averzge of the two multiplied by 2000
would give the total increment during this period.
In arriving at the annual increment at the end of
the period it will be assumed again that springs
were not important contributors of Cl, and that
the rivers were adding waler with 25 ppm Ch. The
volume of Cf" contributed annually by the tivers
would be about 50,000 twns (sce p. 91) and the
amount of CI" in the preciphtation that falls on the
Grreat Salt Lake would he

1,000,000 acres X 1.57 ppm CI° X 0.00136
{factor}) = 2,200 tons,
The fotal annual increment would thus have been
about 32,000 tons of CI" 11,000 years age. Thos
the total increment for the 2000 year pertod would
be approximately
0.26 milion + 52,000 X 05 X 2000 = 265
biflion tons CI,
It is believed as the lake fell below 4500 feet the
spring conwibugons became Important, for they
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now bring to the lake aver 600,000 tons of CI
annually, Also the surface recycling processes bee
came more pronounced at lower lake levels, in.
creasing the salinity of the entering streams greatly,
Put aside from the recycled salt, the amoun: of
new sakt brought into the basin between 11,000
vears ago w0 the present is computed as follows:

1,280,000 acre fect average present run-
off X 25 ppre X 000136 (factor) X 11,000
vears = 480,000,600 tons of CI, approxi-

mutely.

Then, the total chloride content that would have
accumulated from the start of desiccation below
the Provo level to the present, aside from the
spring input, would be:

130 million rons of Gl by reducuon of lake

Volume

265 million tons of CI" by stream inflow and
precipitation on lake 13,000-11,000 years
b.p.

480 million tons of CI° by inflow,
11,000—present

875 million rons of CI total.

This is the amount that should exisi in the Great
Salt Lake assuming that the CI” Is mostly of atmos-
pheric origin Considering the assumptions and var-
iables the calculated amount musi be considered
very approximate. If the spring imput 11,000 years
ago was one third of what it is now, and il it has
gradually increased to its present rate (660,000
tons CI" annually) then the springs would have con-
iributed approximately 4.4 billion tons in the
11,000 year peried. Thus 0.875 billion and 4.40
billien tons add up to 5.275 hillion tons of €I
which is approximately twice the assessable inven-
tory today.

RELICT SALT FROM PAST LAKES

Buried salt beds.

Unfortunately the dvill has yet failed to discover
any bedded sall other than one of Glauber’s salt
west of Promontory Point. The age of Glauber’s
salt is presumably abour 11,000 years (Eardley,
1962} and its accumulation would thus be related
to the post-Bormeville history, Now that the top of
the bed has been Lrenched below about 25 fret of
finc plastic sediments in the building of the South-
ern Pacific Railroad causeway, some of the salt of
the buricd bed has undoubtedly gone into solution
in Great Salt Lake, but until the trenching it
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apparently was well-sheltered {rom the lake waters
and did not contribuie 10 the lake’s present salt
econamy. The continuiiv ol the mterstratified salt
and clay lavers as interpreted from core records,
suggests that much of the salt has been left vndis-
turbed to the present.

Connate waters m sediments
of valley fill.

1t has been said many times that salt accumu-
lation i the Bonneville basin could only have com-
menced  afrer the last outflow, becuuse it iy
asswmed that the lake became completely fresh
during an outflow stage. Much uncertainty cxists
concerning overtlow. It is not clear how the lake
held fairly stationary during the establishment of
the propounced Bonneville beach, and then rose
just a few feet Lo overflow, as Gilbert postulated.
This scems somewhat artificial. A second uncer-
tainty is the time ol overflow. One great flood
through the outflow channel is recorded which
Morrison {1965a and b)) and Broccker and
Kaufman {1965) bdlieve occurred about 13,000
years ago, Malde (1960} abour 30,000 years ago,
and Bright and Rubin {1965} about 18,000 ycars
ago. A third uncertainly comes trom the possibility
that wore than one overtlow occurred. Morrison
{1966} suggests this as a bure possibility, based on
detatled stratigraphic studics, He thinks if the Jake
did have an early overflow, that it happened at the
time of the last maximwa of Alpine age, not less
than 27,000 yuars ago. In ovder for the outflow
tiver to cut a 300 fool channclway twice, there
must have been an intermediate filling of the chan-
nel, but as yet ne one has published evidence for
such an ocowrrence. Goode (personal communi-
cation) hus mentioned that there may be evidence
of a landslide at Red Rock Pass, the place where
the overilow started.

Considering the rate of maritime airbom salt
fallout, 2 much longer time even than from an
carly Alpine stage to the present is indicated. Thus
one i3 justified in exploring the possibility of salt
retention from one saline lake to another in spite
of the overflow at Red Rock Pass.

A 6b0-foor-deep core on the east shore of Great
Salt Lake {Eardley and Gvosdeisky, 1960} indi-
cated a succession of several fresh-warer lakes alter-
nating with saline lakes which at times completely
disappeared, This record corrclates fairly well with
the exposed stratigraphic record {Morrison, 1966,
and Eardley, 1966). Equally deep cores were also
tzken in the Great Salt Lake Desert, one 7 miles
east of Wendover und one about 40 miles cast, near

9l

Knolls. The sediments in both cores were saline
water deposits, At the lime of coring, a relation-
ship with the alternating fresh and saline lake on
the east side of the Bonneville husin was not evi-
dentt. However, now that an apparent need occurs
tor 100,000 years of salt accamulation rather than
13,000, the recognition of these saline water de-
posits becomes significant.

A primary, fairly continuing source of salt is
visualized in the down-faulted, and decply
sediment-filled valleys of the Bonneville basin, The
salt is presumed trapped both in the calcarecus
clays and silts and 1 pervicus aquifers, Both can
yield their salty waters along joints and fauhs Lo
the surface. A good lead in the search fur such
evidence was discovered in the chloride-ion profiles
of the several rivers empiying into Great Salt Lake,
particularly the Provo River—Utah Lake—Jordan
River profife.

RIVER CHLORIDE PROFILES

Profile data.

if the chloride content of the rivers is charted
from high elevations down to Great Salt Lake it
will be seen that chloride is first devected in small
amounts n ihe headwaters (3-6 ppm) and grad-
ually increases to abowr 25 ppm at 4,500 feet
above sca level. Then it conspicuously increases
muny times before the rivers reach the lake (Fig.
2). The increase at about 4,300 feet is tnken to
mean that reeycling of the salt becomes abrupt at
4,600 feet and that most of the rivers’ chloride is
due ta this effect. On the ather hand, above 4,500
teet the rivers’ chloride is believed due mostly
fallout and in very small part to weathering. The
recycling below 4,500 feet probably involves sev-
eral processcs in addition to armospheric fallout,
such as the distribution of dry dusrt particles by the
wind over the lower elevations and addition by
saline springs. It also includes sult thar has been
spread over extensive basin arcas as the lake rosc
and fecl, and which now is being returned ro the
lake by run off. The assumption that abour 25
ppm of Gl would be the normal concentration of
inflowing waters, if it were not for recvdling, is
interesting because it permits the lollowing
calculations and conclusions:
1,280,000 acre {t (average total run-off ol ull
rivers inte lzke during 1960, 1961, and
1963) X 000136 {factor to convert ppm to
tunfacre 1) X 25 ppm CI° = 43,500 1ons CI
gained per year by Great 8alt Lake through sur-
face stream inflow.
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Figure 2. Protiles of CI" in Bear River, Weber Hiver, and Provo-
Jordan River, Water samples taken in summer months, KR, Bear
River, PR, Pravo River, WR, Weber River, For Titah Lake an average
of 11 samples are vsed,

This result does net take into account the
water and C that seeps into the underground and
which finds its way imto Great Salt Lake as un-
measured ground water and hordering springs.
Handy and Hahl (1966) estimate that this unmeas-
ured inflow amounts to 0.2 million acre feet
which, if the ground water did not pick up add-
itional amnounts of salt and carried only fallous salt
at the rate of 25 ppm of CI, would add about
6,800 tons. Thus 43,500 plus 6,800 equals about
50,000 rons of CI° total gain {rom surface and
ground water flow, which 15 equal to the gain from
rain and snow fallout. This cquality suggests that a
balance has been established between fallout and
stream removal to the lake shove the 4,500 foot
elevation. Considerable salt s added below the
4,500 elevation, most of which must be recycled

salt.
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Gain 1o chloride tn Utah Lake
and the saline springs.

The chloride ion curve of Provo River, Utah
Lake and Jordan River is instructive because it un-
doubtedly indicates that Utah Lake is gaining
much salt from the underground, which it feeds
into the Jordan River and thence into Great Salt
Lake. The concentration of chloride in Utah Lake
is about 300 ppm whereas the centering streams
average less than 25 ppw. {Provo River/1l ppm,
American Fork/3.2 ppm, Spanish Fork{15-87 ppm,
Hobble Creek/7-19 ppm, S -ng Creek/25-35 ppm.
{Connor, ef al., 1958, and Hahi and Mitchell,
1965}). However, about 400,000 acre feet of
water cvaporates each year, and this concentrates
the chlorine considerably.

The highway departments of Prove City and
Utah County use together about 200 tons ol salt
{NaCl} each year for melung snow and ice on the
strects and highways. This contributes noticeably
to the chloride content of the flood drain waters,
according to Professor Grant Borg of the Civil
Engincering Department, University of Utah. In
the case of Salt Lake City and Salt Lake County
most of the 9,000 tons of salt which the city and
county use each year probably drains back into the
Jordan River within a year. Sewage effluent gen-
erally runs abour 50 ppm of ClI” which is about
twice as much as the original water used.

The V.S, Bureau of Reclamation has been study-
ing Utah Lake rather thoroughly in planning for its
moxe efficient use, and supplies the following pert-
inent data: abour 45 percent (21,100 tons} of the
chloride comes from the entering streams and 55
percent {25,600 tons) from thermal springs in
Goshen Bay, off Lincoln Point and Bird Island, and
at Saratoga Resort,

Thus, it musi be concluded that about 25,600
tons of chlorine are gained by Utah Lake, and
subsequently by Great Salt Lake by underground
flow euch year. This chloride is not part of the
fake™ current recyeling regimen as far as the sur-
face waters and the atmosphere are concerned.
With this, we realize that a steady flow of salty
water comes [rom springs, which here in Utah
Vulley may be comuing from the down-faulted
Quaternary and Late Tertiary scdiments in the
valleys of the Great Salt Lake drainage. Cook and
Berg (1961} have shown that a buried graben filled
with 6,000-9,000 fect of light density rocks exists
under Utah Valley, and the sediments from ancient
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lakes probably hold salt which is now being slowly
released.

A measure of the CI° that is being released by
spring flow into Great Salt Lake is revealed in the
survey of Handy and Ilahl (1966). They estimate
that in an average water year the springs contribute
about 660,000 tons of CI" to the lake. Of this, we
have just concluded, a minor amount, 6800 tons, is
of surface fallout origin. But the rest must come
from the saline waters in the sediments of the val-
leys.

Therefore, the problem of origin seems to be in
hand, and we have a reasonable answer to the ques-
tion: where did the salt in Great 3alt Lake come
from?

CONCLUSIONS ON THE SOURCES OF SALYT
IN GREAT SALT LAKE

(1} The armosphere brings to the Great Salt
Lake watershed approximately 15,500 tons of new
chloride annually. This comes from the Pacilic
Ocean, the source of the siorms.

(2} The atmosphere picks up from desert floors
to the west and from Grear Salt Lake considerahle
amounts of chleride, and deposits 36,000 tons
with rain and snow in the drainage basin. The tota
amount of atmosphere CI* fallout annually is
ebout 51,5300 tons.

(3) The 36,000 tons of chloride is considered CI-
already in the surface regimen of the basin, and is
the amount recycled by the armosphere annually.

(1) At the rate of addition of 15,500 tons of
new Cl° annually it would take aboutr 176,000
years to build up the salt that exists now in Great
Salt Lake, and 300,000 years to build up the total
assessable amount in the basin,

(%) Due to the desiccation of Lake Bonmeville
from the Provo level to the present salt lake there
has accumulated about 3,260 million tons of Cl.
This is made up of twe components: {(a} 130 mil-
hon tons hy reduction of lake volume and {b)
$,130 million tons due to inflow over a pericd of
13,000 years assuming the inflowing streams car-
ried only fallout Cl- (25 ppm).

{6) Closed drainage basins have been In existence
m the Bonmneville Lake region possibly since mid-
Tertiary time, and the study of saline springs
whose waters drain into Great Salt Lake suggest
that the sediments of these closed basins have
trapped and retained some of the salis of past
saline lakes. As a result of Basin and Range faulting
the trapped saline waters are being released. Any of
these saline waters released before the overflow
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stage would not have been retained in the post-
Provo regimen, but all those released since the last
overilow have accumulated, except for an un-
known amount that may have been blown beyond
the drainage rim. A measure of the CI” brought by
spring flow at present lake levels is 660,000 tons
per year, Only 6,800 tons of the total comes from
fallout thar seeps into the underground water cir-
culagion system. The rest comes from saline waters
of the basin sediments.

{7} Salt, recyded either by the atmosphere or by
spring rclease from trapped saline waters of older
lakes, occurs mainly below elevations of 4,500
feet. Chloride profiles of streams of the drainage
basin from their headwaters o 4,500 feet show a
gradual pick-up of CI" from a few ppm to 25 ppm,
and the amount thus represented equals. the fallout

at ihese elevations, Thus, it s concluded that che-

stream removal of O down to 4,500 feet is in
balance with the fallout supply. This leads to the
suggestion that the contributions from weathering
of the rocks of the terrain are very small.

{8) The total amount of ClI" that should have
accurmnulated in the post-Provo regimen, on the
basis of calculations and assumptions of the
previous seven points 1s 5.275 billion tons, which is
sboui twice the total ammmt that the writer can
assess in the modern regimen,

SALT GAINS AND LOSSES
MEASURED DIRECTLY

Sult nccretion.

The author calculated from limited data in 1957
that the rivers and springs draining inte Great Salt
Lake added 1.5 million tons of salts anmually. The
satts are made up principally of the ions given in
Table 1. In view of the commercial value of the
salts in solution in the leke and the madequacy of
the existing data, the Utah Geological and Miner-
alogical Survey and the US. Geological Survey
initiated a more thorough study of the chemistry
of the lake’s waters and the run-olf into the lake,
and the result of three years survey are now avail-
able. The results of the water years of 1960 and
1961 were published by Hahl and Mitchell (1963)
and Hahl and Langford (1964), and of 1964 by
Handy and Hahl (1966). The years 1960 and 1961
were relatively dry whereas 1964 was about aver-
age. The authors of these reports conclude that in
cach of the two dry years the streams, drains, and
springs carried into the lake about 2.2 million tons
of salt, and the underground flow sbout 0.5 mil-
lion tons, For the average year the streams, drains,
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and springs added about 3.5 million tons an§i the
underground flow about 1.2 million tons, which is
believed by the authors is close to the average
contribution of dissolved mincral matter by surface
run-off,

Salt loss.

It would thus appear that Great Salt Lake is
gaining about 4.7 millions of tons of salt each year
(3.5 + 1.2}, but now, if we lock at the lake’s salt
cconomy another way we may conclude that it is
fosing natural ways shout as much as it gains.
The lake sank below s overflow level about
13,000 vears ago {Morrison, 19652 and b} and the
salts began to accumulate. At the rate of 4.7 mil-
lion tons per year over 50 billions of tons weuld
have accumulzted in 13,000 years. But only about
8 billion fons of salt seem fo exist i the luke’s
prescut economy. It would appear that a great
amount of salt has heen lost by natural causes, and
that the losses may equal the gains hy now.
Furthermore, the lake has gained salt equilibrium
in the range of historical level fluctuations, viz.;
4,191-4.212 feet.

1f the amount of CI" that the entering streams
carry at the 4,300 oot level is consideved, it would
take at the present rate of 51,000 Lons per year
about 50,000 years to build up the salt that is
present. On the other hand, if the amount of Cf
that the strcams carry as they enter the luke is
considered, it is strikingly in excess of the amount
necessary. At the present rate for instance it would
take only 1,600 vears to build up the concen-
tration. All these confliction figures need careful
review, because the conclusions drawn are prob-
ably not correct or, af least, misleading,

Vartations {n salt content with
changing levels.
Calculations by the writer i 19%5 and

-Cobenour in 1960 showed that at high levels of
Grear Salt Lake there was much more salt in the
lake than at low levels. The reduction was not due
to salt precipitation, and moreover the percentage
composttion remained constant, as far as analyses
permit interpretation. The conditions are well sum-
marized by Handy and Hahi (1966).

“The concentration of dissolved solids in per-
centage (by weight) in the lake brine has ranged
from about 14 percent during the high lake stage
of 1877 to as much as 29 percent during the low
fake slages of the early 1960°s. . . ..

“Although the dissolved-solids concentration of
the brine changes with lake stage and voluame, the

Sait Economy of Grear Sait Lake, Utah

percentage composition of the dissolved solids has
remained constant during the past hundred
years. , . .

“The amount of mineral matier dissolved in the
brine also fuctuates with lake volume. In 1873,
when the lake was at its highest recorded stage, the
lake volume was about 30 million acre-feer and the
brine coniained aboutr 6 billion tons of dissolved
solids. In contrast, ar the low stage ol November
1965, the volume was abeout 8.7 million acre-feet
and the brine contained about 4 billion tons of
dissolved solids,™

Table 7 shows the writer’s compurtations of the
dissolved solids in Great Salt Lake at various lake
levels. Figure 8 presents these data graphically. The
areas at different levels are probably in crror by 5
percent. The concentration figures were taken
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Figure 3. Arca of Great Salt Lake and fonesge of dissolved solids in
velation to elevation {stage} of the lake,

from a salimity curve along which the plotted data
fall fairly close (Eardley (938, Fig, 4}. It may be
contended that the salinity data are so scarce and
so poorly representative of the lake arcally that the
tonnages ol dissolved solids cannot he used for
camparative purposes. Since most of the salinity
data fall on a smoocth curve, and since the lake
seems to be well stirred-up and well-grculated at
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Table 7. Fallout Samples from Home {2618 Skyline Dr.)

Date of inches of Parts per
collection precipitation (A} million CI™ (B} AXB
2/12/68 0.1 4.0 0.400
2/13/68 0.24 0.8 0.192
2/14/68 0.23 « 1,33 0,319
2/18/68 n.13 4.0 1.520
2/21/68 1.15 8.37 0.425
2/21168 063 B.67 0.422
3/4/68 1.17 0.50 0.583
3/1/68 0.57 .31 6.177
3/9/68 1.05 6.31 - 0.325
3/16/68 0.05 3.26 8.183
3/11/68 0.10 046 0.048
3/19/68 0.48 0.69. 0.317
3/26/68 0.12 7.3 0.876
4{7/68 0.30 0.08 0.640
4/13/68 0.12 2.00 $.240
4/17/68 0.12 17.08 2.040
4/19/68 1.12 0.32 1,358
4/27/68 0.05 5.7 0.028
5/b/68 0.03 54.0 1.620
5/11/68 8.14 52.0 7.280
5/12/68 B.10 ' 386 {.386
5/14/68 0.87 2.38 1.581
5/15/68 0.27 0.90 0.243
5/22 - 23/68 2.10 0.50 1.050
b/24/68 .63 3.50 0.105
6/4/68 0.43 .70 2.881%
6/6/68 0.22 37 0.814
6/8/68 0.59 2.2 1.300
6/10/68 0.23 2.2 0.506
6/24/68 0.24 017 0.041
7/22/68 (.05 8.87 0.433
B/4/68 g.12 248 2.976
8/8/68 0.26 144 0.374
8/14/68 .21 29 0.603
8/16/68 0.05 422 0.210
8/17/68 0.26 1.48 1.280
8/16/68 047 0.27 0122
8/22/68 1.35 0.12 0.120
8/23/68 0.31 0.53 0.165
8/20/68 0.66 457 3.018
10/15/68 1.17 1.95 2.285
10/31/68 0.63 1.94 1.222
Total 14,10 Total 38.620
38,62

310~ 20ppm weighted averags of all samples
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intervals (personal observations) the writer is
inclined to believe the salinity data, although
scattered in time and space, do represent ihe bake
generally at the several levels.

Concurrent with the study of Handy and Hahl
was the construction of the rock causeway of the
Southern Pacific Railway across the central parr of
the main body of water, and this proved to isolate
fairly effectively the northem arm of the lake. In
the dry years of 1962 and 1963 much salt was
precipitated in the northern arm—possibly 1 billion
tons of the previcusly existing 4.6 billion tons of
solution. This was an artificial condition imposed
on Lhe [ake. In the writer's studies of the lake dur
ing the drouth years ol 1933 und 1934 when the
lake had reached a low stage of 4,194 feer above
sea tevel, a thm layer of halite crystals precipitated
wver the entire bottom i mid-sunmuner, but i was
dissolved during the following winter. The rock
causcway probably helped nature o lower the lake
to the all-time low of 4,191.5 feet in the summer
of 1963, during which time much salt was precip-
itated north of the causeway while none was
droppe 1 south of the causeway. It is concluded
that the linear curve of concentration under pre-
causeway conditions would break at the 4,194 foor
level, and that any lowering below this level would
result in precipitation of NeCl, and also in the
winter months of Na, 5Q4-10H, Q. Thus a readily
understandable loss of salt through precipitation
will oecur helow 4,194 fect, bul the great loss of
salt as the lake falls from 4,205 to 4.195 as given
by Handy and ilahl must Imve another explana-
Lion.

Langhein (1961) cites two examples of cosed-
basin saline lakes that have a somewhat similar his-
tory, Devils Lake, North Dakoia, and Luke Evre,
Australia. Lake Eyve, however, forms a salt erust
soon after the evaporation cvele begins, which is
partially dissolved as the lake rises and thickens as
the lake falls. In spite of this immediate source of
salt tor the lake waters Langbein concludes that
saline perennial lakes gencrally lose salt withouot
precipitation during a falling hemicycle, gain dur-
ing a rising cycle, but that the loss exceeds the
gain. The lake must hold [or some time at. the high
level to regain its former salt content,

In a similar manner the salt economy of Great
Salt Lake is complicated by losses and gains that
occur during take level fulls and rses.
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Absorption in bottom clays.

Loss of salt from Great Salt Lake by wind re-
moval has already been discussed. In addition,
tnuch salt is absorbed and retained i the fine sedi-
ments ol the lake bottom, In mid-lake coring to a
depth of 44 feet the calcarenites were plastic and
wet with water high in salt. Upon the least drying
halite i hair-like crystals was extruded from the
cores. Coring Lo a depth of 600 feet in the Great
Salt Lake Deserr produced calcaremites alzo wet
with salt water. Thus, undoubtedly a great deal of
salt is held in the botrom “clays,” perhaps much
more than in the lake waters themselves.

The problems of the salt in the vnderclays are
several. Has it been retained from former salty
lukes? How much is due to impregnation from the
present lake? Could the rate ol frepregnation of the
bottom clavs go on faster in a falling lake hemi-
cycle than the rate of release of salt to the lake
waters In @ rising hemicycle? Detailed quantitative
analyses of the deeper brincs that wet the clays as
well as perhaps isotope analyses of the sulfur and
oxygen would help answer these questions. Such
analyses are not as yet available.

The loss of the sult in a falling lake is related,
qualitatively at least, to the area of bottom land
covered or relicted by the lake. This is shown in
Figure 3. As the lake falls from 4,200 to 4,195
mast of the bottom becomes exposed in Bear River
Bay, Ogden Bay and Farmington Bay. Extensive
areas are alse relicted at the north and south ends
of the main body of water. This happens to be the
clevarion change in which the major gains and
losses of salt occur. It is thus snggested that absorp-
tion and release of salt by and from the botiom
sediments s a controliing factor, The bay sreas are
mostly thaose of fine calcareous silts and clays, and
these are more effective in the exchange process
than the oolitic sand.

The Langbein theory is difficult to support in
Great Salt Lake’s nises and falls, partly because of
inadequate density or concentration measure-
ments. During the period 1940 to 1952 the lake
rose through the critical interval, 4,195-4,200, but
no density readings are available. The scattered
measurements from 1968 to 1960 scem to show
that the lake regains as much as it loses as it rises
and falls.

T R R S
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PROBLEM OF THE SALT BALANCE

Total inventory.

To itemize all the stores of salt in the Bonneville
basin that have accumulated since Provo times we
must take into account thaose in the Greatr Saht
Lake Desert as well as those in the Great Salt Lake
basin, This nced has been called to my attention by
J.W. Hood of the U.S. Geological Survey. It Great
Salt Lake should rise only 26 feet from its current
level it would spill over into the Great S8alt Lake
Desert. ‘That a saline lake occupicd the basin in the
past is indicated by a salt crust (Eardley and
others, 1957). It has been calculated that the
Bonneville (Salduro) and Pilot Valley salt crusts
contain about 350 million tons of salt. Also, ifir is
assumed that the brine ol post-Bonneville rime has
penctrated 20 feet into the boriom clays, the clays
in the Desert would contain about 1 billion tons,
In addition, there is another billion tons of salt in
the upper 25 feet ol clays under Great Salt Lake.
This depth of 25 feet carries well into the sedi-
ments deposited in the last fresh water lake stage.
The estimated amounts of salts in the basin wre
Great Salt Lake 4.7 billion tons
Salts in the recyding regimen 2.0 billion tons

Salt crusts in Great Salt Lake
Besert 0.35 hilhon tons

Salts in the upper 20-25 foot

layer of the bottom clays 2.0+ billion tons

Tovat 9.0% billion tons.

It has been estimated (1) on the basis of ac
comulation of salt by desiceation from the Provo
level, (2} from fallout salt, and (3) [rom spring
mput that there should be only a little more than
this much, and thus the measured or assessed
amounis seem to approach the theorctically cal-
culated amounts, and in view of the several uncer-
tainties this is a satisfying achievement.

LITHIUM PROBLEM

James Musey informed the writer of a disparity
in the propertions of L7 in sea water and Great
Salt Lake, and thought that this might argue
againsi the origin of the salts in Great Salt Lake
from the Paciiic by wind transporiation. [ames
Whelan also points out that there is at least twice
as much K (ratio wise), perhaps three times as
miich, in Great Salt Lake as in sea water, und feels
that this argues for a more complex origin than

Salt Feancrvy of Great Salt Lake, Uitah

simply by atmospheric fallout {See Table 1).
Regarding lithium, the facis are these: it is ve-
ported in the oceans Lo have a concentranion of 70
mg per cubic meter of water (McLellan, 1965)
whereas ir has a concentration of 37-60 parts per
rmillion in Great Salt Lake (Table 1). Taking into
account the concentration of salis in Great Salt
Lake (6-7 times us great as in sca water), the ratio
of Li" to CI in Great Salt Lake is about 100 times
ag great as in the oceans. This is a conspicuous
difference and undoubtedly should be explained, if
possible,

The concentration of other minor constiluents
may be compared as follows:

ppm gpm
Sea Water G5.L.
Borate 21 570+
Bromide g5 Evidently
very littie
Fluoride 1.4 b

The figures under Great Salt Lake should be
divided by six or seven to lind the abundances
relative to abundances in sea water, Thus, flnoride
is in comparable relation, borate seems five times
as abundant in Great Salt Luke, and bromide is
problematical because of the paucity of analyecs
Bro is undoubtedly very small in amounts and
routine analyses have not picked it up. It may be
concluded, however, that Huoride and perhaps
bromde compare closely in ralio with the other
salts in both ses water and Great Sale Lake, but
that potassinm, lithivm and boron are in excess in
Great Salr Lake. Since boron is known to be com-
mon in lakes of volcanic areas, it may be ten-
tatively concluded that lithium, boron and possibly
potassium have been introduced by voleanic zction
somewhere in the collecting system of the general
Take Bonneville basin since the establishment of
internal drainage, and that they have been retained
and recycled to supply Great Salt Lake with the
present amounts. Fluoride and bromide, on the
other hand it is concluded, have followed the other
major ions it the marine cycle of the origin.

In order that hvdrothermal volcanic solutions
raise the proportions of K, Li, and BB over the mari-
time proportions, the volcanic solutions must be
especially rich in these elements and relatively poor
in Na, Ca, and Myg. This thought suggests that

IS
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Table 8. Fallout Samples from Alta (Avalanche Station)

Date of Inches of Parts per
callection pracipitation (A) million G {B) AXB
12/11/67 0.8 {20 con snow) 2.0 1.60
12/26/87 1.85 (47 cm snow) - 1.0 1.85
1/11/868 0.4 {10 cm snow} .92 0.368
1/29/68 1.4 {35 cm snow} 0.56 1.8924
2{2/68 0.3 {7 £m snow) 1.43 0.42%
2/14/68 2.0 (50 om snow) 0.096 0.28
2/14/68 2.6 {50 cm snow) 0.18 0.20
2/21/68 2.0 185G cm show) 6.05 4,19
2/23/68 2.0 {48 em snow) 0.0 0.10
3/11/88 1.8 (40 cm snow) 0.0 0.08
3/15/68 .6 {15 em snow) 0.05 0.8
3/19/68 2.3 {88 cm snow) 0.30 059
4/4/68 1.7 (43 cm snow) 0.3¢ 0.51
4/4/68 2.4 {Bl cm shaw) 0.30 0.72
B/12/68 1.3 4.029 0.038
6/23/68 ab 6037 4.018
1/22/68 8.42 1.96 0.823
6/21-22/68 0.50 5.9 2.850
§/8-9/58 0.0e 1.06 0,117
8/13/68 0.12 .83 0.180
8/13-14/%8 0.25 0.58 0.145
8/16/68 0.58 0.53 0.318
8/17-19/68 8.57 0.53 0.316
8/22/68 ¢.90 1.238 1.112
16/31/68 0.7 0.t55 0.116
27.30 14.624
-;-;‘g—zi = .535 ppm weighted averays of all samples

Weighted average of snows - 0.35 ppm
Weighted average of raing -- 1.02 gpm
Qna rain (7/21-2/68) dropped 25% of salt for the year
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Table 9. Fallout Samples from Ely

Date of Inchses of Parts por

cellaciion precipitation (A) million CI" {8} AXB
1/4/88 813 1.42 0185
2/4/68 RN 0.50 0.585
2/17/68 0.09 3.8 8.342
2/21/88 0.31 3.5 1.08%
2/23/68 a.09 4.15 0.374
3/6/68 0.08 5.02 0.402
3/8/68 0.11 2.61 0.287
4/5/B8 0.27 14 0.378
£/20/68 0.13 6.2 8.806
4/21/68 0.02 0.65 0.613

4/24/68 show 5.0
5/11/68 0.12 0.70 0.084
5/11/68 g.15 1.30 0.185
§/11/68 8.12 1.18 0.132
5/23/68 0.40 1.3 0.520
5/23/68 .07 3 2.181
6/7/68 G.1¢ 8.3 0.882
1/8/68 an 0.47 0.052
7/21/68 {1.12 5.45 0.654
7/24-5/88 0.25 2.41 0.625
1/28/68 0.1% 0.48 £.068
1/28/68 0.12 0.27 0.033
8/11/68 0.22 .74 0.823
8/18/68 B.02 4.57 0.031
10/14/68 0.65 1.89 1.228
5.04 12.036

1208 . 23 ppm CI° - weighted average

5.04

e i
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Table 10, Fallout Samales from Elko

Date of Inches of Parts par

collection precipitatian (A} millian CF AXB
2/16-17/68 0.24 21 0.504
2/18-20/68 0.52 .07 0.566
2/21-22/68 0.45 ~ §.96 04.432
2/22-29/68 a.12 314 8377
3/6-9/68 0.65 1.55 1.007
3/16-18/68 0.30 0.96 0.288
3/25/88 0.15 2.8 0.435
4/16/68 0.30 5.0 1.560
£/9-14/68 0.63 18.7 11.781
B/22/68 0.36 8.3 2,268
5/23/88 1.94 1.8 -3.438
£/5-8/68 g.12 8.7 4.824
6.8 27.41D

27810 - 435 ppm CI", weightad average

Tahle 11. High Chloride Rains of (3.5.L., Watershed for 1968

Date Airport Home Alta
Mar, 26 7.3
Apr.4 17.0 17.0
May b 54.0
May 11 52.0
May 14 35.0 '
May 18 16.0
May 15 8.7
May 22 5,17
May 25 8.4
June & 6.7
July 22 B.67 59
Aug 13-14 6.55 24.8
Aug. 17 1.06 422
Sept. 13 4.7
Sept. 20 8.8

Sept. 22 4.57
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somewhere in the Bonneville basin, and probably
in the Great Salt Lake hasin, is a buried deposit
rich in soluble salts of K, Li, and B, that has been
accessible to mercoric waters but not vet dis-
covered by the drill.

Some evidence is at hand that during the forma-
tion of sea spray and its transport inland it under-
goes changes in composition. Qver the continent
the airborne sea salis are mixed with salts picked
up from the desert Hoors so that the fallout ratios
may ditfer from the maritbme ratios. Fallout salt is
thus usually relatively richer in sulfare, bicarbo-
nate, calcium, potassium, nitrogen compounds and
bromine {Yaalon, 1967). Thus, the high potassivm
ratio in Great Sslt Lake may be due to desert Hoor
pick-up by the wind across the wide stretches of
the Greai Busin, particularly from the ignecus rock
teryains.

CONCLUSIONS REGARDING THE
ORIGIN OF THE SALT IN
GREAT SALT LAKE

¥t must be clear that the several tons that make
up the salts in Greatr Salt Lake are of complex
origin. The traditional view that the salts have orig-
inated in large measure by weathering of the rocks
of the watershed has not been supported quanti-
tatively by the writer’s observations. The ume
available since the last everflow of Lake Bonneville
limits the amount of production of soluble salts by
weathering, If more iime were availahle this zource
would undoubtedly be more important. Lxcesses
of boron, lighium, and possibly potassium seem to
be due to volcanic contributions, Salt pick-up by
the wind and its consequent fallout may have

Sal Econamy of Great Saft Lake, Ut:

added to the average of potassium bevond th
maritime ratio, but the chief primary source of tb
sali inn the kake is believed to have been almo
pheric [allout with the salts derived from b
aceans. Quantitatively, this source is sufficient an
assessable,

In all considerations recycling must T
recognized, and undoubredly the vartous recyclir
processes have produced the variations {rom 1}
maritime ratios of the salts in the lake.

COMMERCIAL EXTRACTION OF SALTS
Rexerves and Natural Replenwshment.

An ore body is finite, and alier considerable o
ploration and development, its size, volume, an
amount of the various metals may generally t
approximately determined. The amount of the va
ious metals in Great Salt Lake may also be dete
mined, but unlike an ore deposit the valuable mi:
erals in the lake are being consiantly replenishe
recycled, and lost by narural processes.

‘The reserves that may be processed for the e
raction ol the several valuable lons must incluc
not only the lake waters but the salrs that are
the process of recycling. These are the salts th
rest in the salt flals and in the soils of the wate
shed up ro an clevation of 4,500 feet, and whic
are being gathered by the runoff and returned -
the luke. Judging from the fact that the lake los
1.5 hillion tons of salt 1o the bottom sediments
falling from 4,205 to 4,193 feet, there must be
or three times this much salt in the recycling pro
ess, Thus, it would be reasonable to conclude th
there is a total reserve to process of 6-7 bilhi
tons. But the excess over 4.6 billion tons will on

Table 12. Dissolved Solids in Great Sait Lake at Various Levels

Areain Volume in Cancentratian Dissalved Solids
Elevation Azres Acre Feet in Percant in Bitlions of Tons
4110 1,512,000 32,352,000 14 6.15
4205 1,341,000 25,232,060 18 6.15
4200 1,103,000 18,327,000 24 5.77
4195 147,608 11,836,000 28 4.64
4190 601,000 7,200,000 28 2.84
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become available as the rivers gather the salt, and
this will take a long time, viz., about 2,000 vears,
As the lake becomes tmpoverished m cerrain jons,
so eventually will the recyeled salt. But as far as
commercial extraction 15 concerned over the nex:
100 yeats the salt that the rivers bring wo the lzke
wili be additional reserve, and thus musr be in-
chuded in figuring the hali-lile of cach fon.

Toble 13 lists the concenérations of the com-
mercially valuable jons in Great Salt Lake accord-
ing to the analyses of the Utah Geological and Min-
eralogical Survey and the LS. Geological Survey.
Those of the Utah Geological and Mineralogical
Survey are from 15 gallon surface samples taken in
June, 1966 after the effects of the rock causeway
had become conspicuous, and show the difference
in concentration of the south half of the lake from
the north half. The U.S. Geological Survey analyses
come from the lake beiore it was cffectively
divided and are averages of samples collected from
June, 1959 to November, 1961, The Utah Geolog-
ical Survey’s analyses run somewhat higher than
those of the U.S. Geological Survey’s in mag-
nesium, potassium, and lithium, and the meaning
and industrial significance of this will be deter-
mined in the near future. For the present the fig-
ures of the US. Geological Survey will be used for
they reprosent the entire lake before the causeway
altered the lake's regimen of lake level cecilation.
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With the abeove listed concentrations (Hahl and
Langford, 1964) the resevves of magnesium, potas-
stum, and lithium may be calculated (Fable 14,
Thus, with projected rates of commercial exirac-
Lion the time can be determined when the concen-
rations will be reduced 30 percent. Ir Is assumed
that this hall-lile period will end profitable produc-
ton.

The figures In the third column of Table 14 indi-
cate the time in years necessary to restore the iong
it they were suddenly depleted, or the time neces-
sary to double the amounts present. Now if the
annual gaing, plus the reserve in the lake are
charted agamsi the projected commercial exwrac-
tion rates the results shown in Figure 4 we ob-
tained, One curve is charted for depletion assuming
that no ceplenishment ocecurs, and another as-
suming that replenishment does ocowr and adds to
the reserves,

Effect of a receding lake.

With a falling luke the reserve diminishes, and
since the lake has generally fallen since 1870, the
rescrve has diminished by about 1.6 billion tons of
total salt. In addition, with the building of new
dams tor more irrigation in the Wasarch watershed,
progressively more water will be lost by evap-
oration before 1t reaches the lake, and the lake will
continue to suffer.

Actually the rotal reserve does not diminish with

Table 13. Commercially Valuabie lons in Great Salt Lake

UTAH GEGLOGICAL SURVEY

V.S GEOL.SURVEY

SOUTH HALF NORTH HALF WHOLE LAKE, 196G & 1961

Mg™ 3.566 4.24 3.20

Na* 32.87 33.66 .00

K 2.45 2.69 1.78

L {40) {55} (33)

Bo - 01

Br {30) {155)

Ci §3.36 51.21 54.59

1 7.50 1.90 740

—_—

M_E figures are in pereentage co mposition except those in parenthescs which are in parts per mithion. The analyses of she Erah and
Mineralogiczl Geological Survey have been fumnished by Br. James Whelan, and zepresent work done in 1957,

i
¥
:
£



Saft Econamy of Great Sait Lake, tak

104
Tabie 14,

Present Annual Ratia Rate of yearly

reserve acoretion raserve/accretion extraction by Gulf Hesources
Magnesium 116,000 76 1,808 years K 13
Potassium 71,000 31 2,300 vears 253
Lithium 5 na analysas 2,000+ years 39

availabla

Hescrve, annual accretion, extraction duta for 1961 in thousands of tons {after Hahl aid Langlord (1964).

a falling lake, but rather salt is taken out of the
commercial exiraction regimen. Thus, a falling lake
diminishes the workable rescrve much faster than
the rivers and springs haild it up.
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