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PRINCIPLES OF SALT DEPOSITION

THE SALTON SINK CONSIDERED AS A MODERN EXAMPLE

-7

The Salton Sink or Coahuila Valley (also called the Colorado
Desert) (Fig. 64) is a depressed basin at the head of the Gulf
of California, from which it is separated by a barrier composed
apparently throughout of detritus of river origin . The floor
of the deepest part of the basin lies 273 .5 feet below sea level, and
a part of the deepest depression is occupied by Salton Sea, a
saline lake formed by the overflow of the Colorado, into the
valley, where formerly was only a dry salt plain . This last overflow was finally stopped in February, 1907, when the lake had
attained a length of 45 miles, a maximum breadth of 17 miles,
and a total area of 410 square miles with a maximum depth of
83 feet. The salt deposits which occupied the floor of the valley
when first discovered in 1853 are now largely submerged . In 1848
the salt lake was three quarters of a mile long and half a mile
wide, with a depth of about 1 foot (Emory) . In 1892 it was a
salt marsh, and at other times it was a bed of dry salt . A boring
to the depth of 300 feet showed the following succession .
1 . Black mud, resting on a crust of salt (NaCI and MgC1 2), 7
inches .
2. Black ooze, with over 50 per cent . water, sodium and magnesium salts, fine sand, iron oxide and clay, 22 feet .
3. Hard clay with streaks of cement, 277 feet .
Salt was deposited here at one time at the rate of from 10 to
29 inches a day in the dry season . Brine from numerous salt
springs in the adjacent hills flows into the depression, this brine
being probably derived from salt which was deposited by the
water at a former higher stand . The basin is bounded on the east,
north, and west by mountain ranges, of which the western ones,
the San Jacinto ranges of the Peninsula mountains, are effective
as a barrier across the moisture-bearing westerlies from the Pacific . These winds, therefore, leave their moisture on the western
slope of the coast range, crossing which they become drying winds
with the result that the Salton basin, except where modified by
irrigation, is a desert . A temperature of about 66 °C . (130.8°F .)
in the sun prevails .
From the general conformation of the region and the geological structure, it would appear that the Salton Sink was originally
a prolongation of the Gulf of California, which, as has been noted
in an earlier section, is a typical funnel sea, gradually shoaling
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headward. At that time, of course, the basin was filled with
normal sea water, the level of which was one with that of the
16°
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FIG . 64 .-Map of the delta . of the Colorado River including the Salton and
Pattie Basins . (Compiled and drawn by Godfrey Sykes . Am . Geog . Soc . Bull .
xxxix .)

ocean . The Colorado River, which entered this funnel sea from
the east, some distance below its head, began to build its delta

i

148

PRINCIPLES OF SALT DEPOSITION

which grew to such a size that it finally extended entirely across
the funnel sea, and cut off the head portion . The delta was built
to a minimum height of 40 feet above sea level, and at first the
cut-off portion had its water freshened by the inpouring into this
basin of the river water, forming Lake Coahuila . This lake had
an area of about 2,000 square miles . It was 100 miles long and its
maximum width was about 35 miles . The fresh character of this
lake is indicated by the existence of traces of a shoreline around
the sides of the basin at an elevation of 40 feet above sea level,
the deposits of which are characterized by the presence in them
of the shells of fresh or brackish water Mollusca . Deposits of
calcium carbonate left by the evaporation of the water at this
stage are also found . Below this main shoreline are many others,
made during the shrinking of the lake . With .the deflection of
the mouth of the Colorado to the head of the marine gulf, the
water of the Salton basin began to dwindle under the influence
of the drying westerlies, until the remnants of the water were concentrated in the deeper depression, where now lies Salton Lake .
The rate of evaporation of the Salton Lake since the rediversion
of the Colorado from February, 1907, to July, 1912, has been
almost exactly 5 feet per annum . According to the engineer,
H. T. Cory in charge of the rediversion, the entire lake will dry
up by evaporation in about 18 years, if no further inflow of the
Colorado River into the Salton Basin occurs . If all the salt of
the original portion of the sea cut off by the delta, still remained
in the water, this should have been deposited in the central area
as the evaporation progressed . A rough estimate of the amount
of salt contained in the water of the basin gives a quantity sufficient to form a bed 12 .5 meters thick over the area of the present
Salton Lake . Whether such a salt bed underlies any part of the
basin has not been ascertained .
It should, however, be borne in mind that during the freshening
of the Salton waters by the influx of the Colorado, the total
amount of salt in the basin may have been greatly reduced . For
as long as the fresh water of the Colorado flowed in and the water
of low salinity from the basin was carried out to sea, there was a
constant loss of the original salt content . Thus when the outlet
finally became inactive through lowering of the level by evaporation, only a small amount of salt may have been left in the water,
and this alone would be deposited by complete evaporation on
the bottom of the basin .

TABLE XXIV .-ANALYSES OF THE WATERS OF SALTON SEA AND OF OTHER NATURAL WATERS FOR COMPARISON . (W . H .

Ross,
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/4g
U203 + Fe203
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104
'103
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Salinity permille

CARNEGIE INST., PUBL . 193, P . 45)
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D

52 .62
trace
11 .00
. .. . .
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... ..
3 .04
19 .92
. .. . .
28 .61
13 .02

25 .64
1 .87
7 .30
2 .50
. . .. .
4 .66
32 .68
. . ...
15 .24
10 .11

100 .00
. . .. . .

100 .00
0 .695

100 .00
0 .923

A

B

31 .29
0 .65
2 .80
1 .81
0 .02
0 .26
47 .83
trace
13 .41
1 .85
0 .08

33 .14
0 .30
1 .37
1 .55
. .. ..

100 .00
3 .549

I
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1
6
2
..
2
40
..
7
11

.67
.26
.43
.61
. ..
.93
.71
. . .
.59
.80

100 .00
1 .015

F
14
1
14
2
J

.43
.95
.78
.05

4 .63
13
..
31
17

.55
...
.33
.28

100 .00
0 .399

G

H

30 .59
1 .11
1 .20
3 .72
.. . ..
.. . . .
55 .29
0 .19
7 .69
0 .21

33 .39
1 .08
0 .42
2 .60
. . ...
. . ...
56 .54

100 .00
35 .190

100 .00
195 .580

5 .97
. . . ..

I
24
0
2
5

.70
.56
.29
.97

0 .03
42
0
23
0

.04
.05
.99
.37

100 .00
12 .940

J
13 .39
2 .37
4 .79
11 .85
traces
65
2
0
0

.22
.08
.29
.01

100 .00
222 .834

A = Salton Sea, Analysis of 1907 (after dilution by Colorado River Water) .
• = Original Salton Sea . Supposed composition as calculated from excess of constituents of present lake in 1907 over that found for Colorado River .
C = Colorado River at Yuma, mean of seven analyses made at intervals of about 2 months, of samples collected almost daily between January 10,
1900 and January 24, 1901 .
• = Gila River at head of Florence Canal, Arizona . Mean of four analyses of composites of samples collected daily for seven, five, four and five
weeks, respectively, between November 28, 1899 and November 5, 1900 .
• = Sal River at Mesa, Arizona . Mean of six analyses of composites representing samples collected daily for four, one, four, ten, thirteen, and
eight weeks, respectively, between August 1, 1899 and August 4, 1900.
F = Rio Grande at Las Cruces, New Mexico . Mean of twelve consecutive monthly analyses of composites of samples collected daily from June 1,
1893 to June 1, 1894 .
• = Ocean water, mean of 77 analyses by W . Dittmar, 1884 .
• = Great Salt Lake, J . E . Talmage, 1889 .
I = Caspian Sea . Mean of five analyses by C . Schmidt, 1889 .
• = Dead Sea . F. A . Genth, 1859 .
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The salinity of the water of Salton Lake ranged from 7 .348
to 7 .164 permillein 1911 . At 40 feet below the surface the salinity was 7 .158 permille . In February, 1907, after the inflow of the
Colorado was stopped, the range in salinity of the surface waters
was from 2 .588 to 3 .418 permille, while at a point where the salinity at the surface was 3 .382, at 10 feet it was 3 .386, and at 30
feet depth it was 3 .400. At another point where the surface
salinity was 3 .418, it was 3.386 at 10 feet depth, and 3 .520 permille at 60 feet depth . There has thus been an increase in the
density of the water of about 4 permille during the interval of
4 years, between 1907 and 1911, or at the rate of 1 permille per
year. In the table on p . 149 the analyses of the waters of this
lake are given with others for comparison .
The composition of the water (Anal . B) of the lake before contamination by the recent inflow of the Colorado, which, though
of low salinity, is especially rich in sulphates (Anal . C), approaches
that of normal sea water (G), though differing from that in the low
potassium and magnesium content and in the higher percentage
of sulphates . In some respects it is not unlike that of Great
Salt Lake (H) . It must be remembered that the Colorado water
has entered this basin many. times before, and that the lake water
is to some extent modified by salts contributed from neighboring
sources (see further Chapter XXXVII) .
ALTERNATE HYPOTHESIS OF HISTORY OF SALTON SINK

According to Free,' the region was a desert valley and site of
deposition of continental sediments, with gypsum and mirabilite
in Tertiary time when the head of the California Gulf occupied
only the lower part of this valley . He holds that the delta of
the Colorado may have been built while the region stood at sufficient height above sea level to exclude the waters of the gulf, and
that the Salton basin was never filled by the sea. The depression of the region may then have occurred after the head of the
valley was cut off by the delta, the sea encroaching over the present area of the Gulf to the delta, but not entering the cut-off depression which was filled only by a fresh-water lake . According
to this hypothesis, the salts of the basin are of purely connate
origin . He admits that the fresh-water lake (Coahuila Lake, or
Blake Lake) could not have formed prior to the depression of
1 Salton Sink Report . p . 25.
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the valley relative to sea level, since the delta clam could not
withstand a steeply graded overflow . He further admits that the
delta of the Colorado was built into a body of water, but suggests
that the sea may have slowly risen with the building of the delta .
The absence of well-marked shorelines in the basin, such as would
have occurred had this been a part of the sea, is taken as further
proof of its exclusion throughout the history of the basin .
It should be noted, however, that the salts of this lake can
hardly be considered as of connate origin, as are those of Great
Salt Lake, for no marine sediments which could furnish these
salts are found in the vicinity . On Free's hypothesis one would
rather expect these salts to be of the type found in the alkali
playas of Nevada and eastern California (see beyond), which
have a totally different character from those found in this lake
at the present time .
CHARACTERISTICS OF DEPOSITS FORMED IN A CUT-OFF
If the Salton basin, then, be regarded at least as a reasonable
illustration of salt deposition by evaporation of a cut-off basin,
we may on the basis of such knowledge as we have of this region,
deduce the criteria by which an ancient deposit of this type may
be recognized .
In the first place, we may note that whatever deposits are
formed in the shrinking waters of the basin, will be entirely unfossiliferous, because practically all animal life will disappear
from the waters as soon as they become of abnormal salinity .
Since, however, there can be no question regarding the presence
of marine organisms in the original cut-off, for no marine water
body is without its life, there must be a period, before the deposition of the salts begins when a widespread destruction of life
occurs . This may be gradual, if the increase in salinity is a
gradual one, for many animals are able to adapt themselves
within limits to a changing salinity (euryhaline animals) . As a
result, we should expect the salt deposits to be underbedded by,
or associated with, fossiliferous strata, in which the variety of
organisms is greatest in the lower, and least in the higher strata,
i .e., those next to the salt deposit . This would be true of the
succession of strata, even where the extinction of the normal
oceanic fauna is brought about by a freshening of the water
before desiccation sets in, except that here the final stratum would

be characterized by the remains of brackish or fresh-water
organisms.
It should be noted, however, that such regularity of succession
is not to be looked for as a rule under the salt deposits themselves,
since these represent the concentration of the salt in the central
area of the drying-up basin, where in all probability only normal
fossiliferous deposits were formed during the marine period of
the basin . Thus the salt may come to rest directly upon normal
marine deposits, separated from them by gypsum and, perhaps,
by a series of clastic strata without organic remains . Somewhere within the basin, however, the graded series above referred
to should be found, and this should pass upward into unfossiliferous deposits, which by their character, structure, and color
are recognized to be the continental equivalents of the salt
beds, and which were formed in the desert which surrounds the
salt basin . Such desert deposits may be locally relieved by dry
deltas and flood plains, of rivers which, on entering the basin
dwindle away by evaporation . Such river deposits may include
remains of the river faunas and flora, and temporary lakes
formed during the rainy seasons may contain the peculiar
crustacean fauna of desert lakes, especially the bivalved Cypris
(Fig. 40, G-J, p . 98) .
What is more significant, however, than the detailed character
of the deposits within the basin is the fact that in this, as in the
preceding cases, a normal marine series of contemporaneous
sediments should be found in the neighborhood of the salt deposit .
In the case of a cut-off like the Salton Sea, these deposits form
only a comparatively short distance away in the Gulf of California . Where, however, the barrier which isolates a salt basin
is of tectonic origin, being caused, perhaps, by the warping upward of a broad stretch of ocean bottom, the basin may become
separated from the sea by a land barrier hundreds of miles in
width . The Caspian, a cut-off which does not yet deposit salt,
except around its margins, is separated' by 500 miles of the mountainous tracts of Persia from the head of the Persian Gulf, by
nearly 800 miles of mountain and desert from the eastern end
of the Mediterranean, and by 300 miles of Caucasian uplands
from the Black Sea . Yet in Tertiary time it was joined to the
sea across one or more of those barriers .
Lake Tanganyika, in the great African rift valley, is 600 miles
from the nearest point on the east coast of Africa, and 900 miles

I
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from the mouth of the Zambesi, along the probable line of the
former connection . That the present Tanganyika is a relict of
the sea is shown by the character of its fauna .' Its waters are
fresh, or very slightly brackish, much of the original salt content
having probably been washed out.
Though the separation of the cut-off from the main body may
thus be a profound one, nevertheless marine conditions continue
to prevail for a time at least within determinable distance of the
salt deposit . Moreover, the character of the marine beds underlying the salt, corresponds to that of the lowest beds of the
marine series outside of the salt basin, especially in the nature
of its faunas .
As we have previously noted, basins of this type furnish the
best opportunity for the deposition of the mother liquor salts
provided they do not pass through a period in which salt is
removed by influx of fresh water and simultaneous seaward
drainage of the diluted salt water, as in Lake Tanganyika and
apparently in the Salton basin . The mother liquor salts where
deposited, will, of course, have a much more restricted distribution than the sodium chloride, becoming confined to the most
depressed and last desiccated part of the basin . Moreover, it
must not be overlooked that after the complete evaporation of
the sea water and the deposition of the mother liquor salts, other
salt deposits, especially of the desert type, may form over the
marine evaporates, and these, as will be shown subsequently,
will normally be without mother liquor salts . Thus all the normal salts of a region in which mother liquor salts have been found
will not be associated with such deposits, and, indeed, the salts
of the same vertical series may contain mother liquor salts in
their lower part, but only normal sea salts (sodium chloride and
gypsum) in their higher parts . The significance of this will be
again pointed out in the interpretation of the salt deposits 'of the
Stassfurt region in Germany, and of the Siluric salt deposits of
North America (Vol . II) . It may here be remarked, however,
that it is hopeless to arrive at a proper \determination of the
origin of a given salt deposit without an exhaustive study of the
entire formation in which it occurs . Thus the salt deposits of
North Germany can only be understood when we have a comprehensive understanding of the Permic deposits and history of
Northern Europe, while the understanding of the Siluric salt
' See "Principles of Stratigraphy," p . 1062, with literature references .
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deposits of America requires a study of the Siluric deposits of
the entire continent . The controversies even now waging regarding the history of these two important salt deposits, are more
due, on the part of the contestants, to the lack of comprehensive
knowledge of the formations in question, than to that of the details of the deposits themselves . That thorough understanding
of the history of a deposit is essential to the most successful
exploitation of the deposit, as well as to the location of new
deposits of like character in the same or other formations is becoming increasingly apparent and cannot too strongly be insisted
upon.

