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SHORTER CONTRIBUTIONS TO GENERAL GEOLOGY, 1915.

THE COMPOSITION OF MUDS FROM COLUMBUS MARSH, NEVADA.

By W. B. Hicks.

INTRODUCTION.

The investigation of the dry lake of Columbus Marsh, in Nevada, which had for its
economic motive the discovery of potash, was continued by the United States Geological
Survey during the summer of 1913 under the supervision of Hoyt S. Gale. The work done
included the drilling of a shallow well near the old well 400 and the collection of a set of surface
samples of muds from the marsh. This exploration, together with the chemical investigation
of the samples thus collected, has furnished further data concerning the character of the mud
flat and thrown additional light on the conditions there.

The writer was associated with Mr. Gale during his study of this region and the field
observations here recorded were made jointly and are results of mutual discussion. The
accompanying map (fig. 1) is based on a plane-table survey made by Mr. Gale, and for this
and other assistance the writer wishes to express due acknowledgment.

LOCATION.

Columbus Marsh is situated on or near the line between Esmeralda and Mineral counties,
Nev.! Coaldale is a railroad station at the southeast corner of the marsh, and the Tonopah &
Goldfield Railroad skirts the eastern margin of the mud flat itself. The marsh covers an area
of 35 to 40 square miles and is roughly elliptical in outline, being about 9 miles from north to
south and 6 miles or more in width. It is a broad mud plain with a rough, lumpy surface—
a typical playa, the lowest part of the basin of a distinct drainage system, a physiographic
feature characteristic of the Great Basin region. Little salt shows on the mud surface except
about the margins of the plain, where several borax-producing plants were located in the earlier
days of the borax industry. An accurate representation of this basin is given on figure 1.

PREVIOUS EXPLORATIONS FOR POTASH IN COLUMBUS MARSH.

EXPLORATIONS BY THE UNITED STATES GEOLOGICAL SURVEY.
LOCATION OF WELLS AND METHOD OF EXPLORATION.

In seérching for potash during 1912 six shallow wells were put down by the United States
Geological Survey in Columbus Marsh to depths ranging from 32 to 50 feet. Later two other
wells were sunk to a depth of about 80 feet. These wells were located as follows:

Well No. 100, sec. 13, T. 2 N., R. 36 E.
200, sec. 12, T. 2 N., R. 36 E.
300, sec. 35, T. 3 N., R. 36 E.
400, sec. 8, T.2 N., R. 36 E.
500, sec. 31, T.3 N., R. 36 E.
600, sec. 15, T. 3 N., R. 36 E.
700, sec. 9, T.2 N., R. 36 E.
800, sec. 5, T.2N., R. 36 E.

1 Gale, H. S., Potash tests at Columbus Marsh, Nev.: U. 8. Geol. Survey Bull. 540, p. 422, 1914,
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The location of the wells is shown accurately on figure 1, which gives a clear conception
of the area and’ extent of the mud flat as well as the distribution of the wells.

The drilling
T8N,
\
X
\
\
\\
9 f \
: / A \‘
© O/ borax works
I} NG 35 N\, 36 R ‘l
/ T P as
we, N, . W
/ (3pprox.) \\\\ 3, %‘\ \\ RaS7AE.
/ X \\w "%\\ . e S
/ N\ o )
N Y
/ 1 N 5 \
4 \|
/ sh
" T 0-:l' SN
"
‘lv ! \§ . §5) \\3‘ \\
] l"g RN 2 ">II 7 ‘\\\\\\ u N e
& ,
\g USESS & "\ “&Coaldale i
\3 hvers 200,52 Pt S Y
\2, 5 S k) o\
N ) S 7 X i
o, D . N
&, + \ N Q) SO werr N
3 P R RS
\39 [ 14 u.skis. |3’\;,, = %4 e e
\On U : e %og.-92 18 o6 X T
% : it i %
3 T.2N A : SEWOTKS &
& . . T 1 pr o
NS ! i 4% <&
< i . A 0l
~AS / H % S0
NG 1 - Z & o
‘NG A 20 21 22,7 29 24 49 L7 20
N \ L 7 '\Q\/i”
~,'.§{s\ SRS \‘\\ ] o STt e
N : y Jiiks ]
b i S \
2 30/ < 2o J pes i) e 25 30 \ 29
S L O % A J
i i P4 R e
/z \\ \~“‘l I{ 1"1_-”__ >
/ ) “ ’/k’
oA N
30 /320 33 34 35 36 31 32
/'/ /’/ “\(/” a
< it
S R.36 E. R.37E.
#4669 L
(Note: Largenumbers (3 )refer tosurface semples)
0 [ 2

3 Miles

FIGURE. 1.—Map of Columbus Marsh, Nev.

and sampling were done by Charles E. Watson under the direction of Mr. Gale. The samples

when received at the laboratory were air-dried. They were powdered without making a min-
eralogic study and preserved for analysis.
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METHOD OF ANALYSIS.

The analysis of the samples from Columbus Marsh was concerned primarily with the
estimation of the total soluble salts and the potassium. On extracting the muds with water,
suspensions of a colloidal nature were obtained which would settle only after long standing,
if at all. For practical analytical purposes in the estimation of the water-soluble salts it became
necessary to clarify these suspensions by artificial means. For this purpose ammonium chloride
was used, because of its volatility. The method was as follows:

The mud was digested on the steam bath for half an hour with 25 cubic centimeters of water
and 0.25 gram of ammonium chloride for each gram of sample taken, this quantity of ammonium
chloride being necessary in most cases for the clarification of the solution. The extract was
either filtered and the residue washed with water, or made up to definite volume, filtered, and
aliquots taken for analysis. In either case the filtrate which represented the extract from 2 to
4 grams of material was evaporated in a tarred porcelain dish (porcelain being used because of
the lack of platinum), ignited to dull redness to drive off all ammonium salts, cooled, and
weighed, the result being reported as total soluble salts. The ignited residue was dissolved in
dilute hydrochloric acid and filtered, and the potassium was determined in the filtrate by what
has been called the modified chlorplatinate method.

Although it was presumed that the above-outlined procedure for the estimation of total salts .
would give somewhat high results, the method was thought to be sufficiently accurate for the
work in hand. Being found rapid and practical, it was used in the earlier work on the muds
that were of such a nature as to require artificial clarification of their extracts.

SUMMARY AND DISCUSSION.

The analytical data obtained in connection with the exploration of Columbus Marsh for
potash during 1912 are summarized in the following table: 2

Summary of previous analyses of muds from Columbus Marsh, Nev.

[W. B. Hicks, analyst.]

luble sal ;
05 e 's:at;;}g):)lt s Soluble potash as K.
Depth R,
‘Well No. | of well Per cent of sample. " Per cent of total salts.
ol O Aol
mum. | mum. | 8ge. | Mgaxi- | Mini- | Aver- | Maxi- | Mini- | Aver-
mum. | mum. age. | mum. | mum. age.
300 Myl 25 3. 62 1. 67 2 7 3 IR VARV (0 g e 35001 1 3l R S VAT | i S Pl ¢
20010 L 49 2230 4. 67 9. 73 0. 68 0.06 0. 54 8.46 0.34 | 5.52
3005540 50 | 26.91 14.10 18. 27 1.01 .43 .65 4.69 2.40 | 3.58
400....... 38 |- 17.30 817 8. 66 1. 31 22 .84 | 20.90 1. 67 9.75
400¢a...... 38 6. 30 5.17 5.96 1.31 .85 1. 02 20. 90 13.69 | 17.07
BOBLLL Lk 48 15. 50 11.10 12. 84 .84 .35 .55 6. 69 2.38 4. 30
B00: L0 Ly 46 19.12 10. 51 13. 46 . 86 . 26 .57 5.94 qx 37 4.23
AVOEREO sl i, et L e R ey S ) Sl (STt 5. 46

a Part below depth of 18 feet.

Nore.—The complete data relative to wells 700 and 800 have not been published and so are not included here.

These data, exclusive of those for well 100, which was shallow and located at the extreme
edge of the flat, show that well 300 has the highest and well 400 the lowest percentage of soluble
salts. The reverse is true of their potash content. Wells 200, 500, and 600 show intermediate

1 Hicks, W. B., A rapid modified chlorplatinate method for the estimation of potassium: Jour. Ind. and Ex}g. Chgm., Yol. §, p. 650, 1913,
2 See Gale, H. S., op. cit., pp. 423-424. i




4 SHORTER CONTRIBUTIONS TO GENERAL GEOLOGY, 1915,

values in regard to both determinations. In all cases, however, high percentages of soluble
salts correspond to low percentages of potassium in the salts. Accordingly, the average content
of soluble potash is approximately constant for all the wells except well 400, in which it is unu-
sually high. The percentage of soluble salts in the section from 18 to 38 feet of well 400 is
low, but the percentage of potassium in these salts is exceptionally high. The maximum and
minimum percentages of soluble salts from wells 300, 500, and 600 vary much less than the
percentages from the other wells. This is true to a less degree in regard to the potash content.
Although the muds from some of the wells average nearly 20 per cent in soluble salts, no salt
beds or distinct saline horizons were found.

Only one sample of water was collected and analyzed from each of wells 300, 500, and 600.
These samples were strong brines containing from 18 to 25 per cent of salts, of which 4 to 1.5
per cent was potassium. Six water samples were analyzed from well 400. These averaged
0.73 per cent of salts, of which 3.90 per cent was potassium. Four of these waters, two repre-
senting strong flows, came from the section between 18 and 38 feet, in which the salts extracted
from the muds showed surprisingly high values in the percentage of potash. These waters were
very dilute and nearly uniform in composition, containing on an average 0.47 per cent of salts,
of which only 4.31 per cent was potassium. These low figures are at variance with the results
obtained for the muds from the same horizon. The low concentration in salts might be ex-
plained by assuming that the waters came from strong flows and had not remained in contact
with the muds long enough to extract large amounts of the salts. This would require the fur-
ther assumption, in order to explain the low values for potash, that the potash in the muds was
present in a relatively less soluble condition than the other salts. In any event discrepancies
in the analytical results obtained for the muds and waters from the same horizon in well 400
are evident.

EXPLORATIONS BY THE RAILROAD VALLEY CO.

Subsequent to the investigations by the United States Geological Survey, described above,
the Railroad Valley Co., of Tonopah, Nev., in its search for potash put down five holes in Colum-
bus Marsh. These were shallow holes comparable to the wells of the Survey already described
and were located as indicated on the accompanying map (fig. 1). So far as the writer is aware
the results obtained by the Railroad Valley Co. in exploring Columbus Marsh have not been
published.

UNITED STATES GEOLOGICAL SURVEY WELL 900.

LOCATION AND DETAILS OF DRILLING.

In order to discover the cause of the discrepancies mentioned above and to obtain more
information concerning the character of the muds in Columbus Marsh, well 900 was put down
in August, 1913, under the direction of Mr. Gale. This well was located in sec. 8, T. 2 N.,
R. 36 E., about 100 feet east of well 400, and was drilled to a depth of 67 feet. The drilling
was done by Charles E. Watson, who used a small modified Empire core drill, the casing always
following within a few feet or even going ahead of the bit. In a general way the muds encoun-
tered to the depth of 26 feet consisted of alternate layers of sand and clay; below this depth
material much more consolidated was also encountered. Several water flows, some of which
appeared to be rather strong, were observed as the drilling progressed. Only one, however—
that struck at a depth of 3 feet—could be considered a brine, all the others being very dilute,
A superficial examination of the muds as they came from the well was made by the writer, but
no distinct saline horizons could be detected, the muds apparently being thoroughly washed
with water and containing very little soluble matter. The sampling was also done by the
writer, care being taken to obtain the most representative set of samples possible under the
conditions attendant on the drilling. The muds were collected by averaging all the material
representing a distinct layer as it came from the well. These were preserved in tin cans and
shipped with the water samples to Washington for analysis.
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RECORD OF THE WELL.
A detailed record of the well is given below. It agrees with that of well 400.

Record of United States Geological Survey well 900, Columbus Marsh, Nev.

Muds.

Thickness. | Depth.

-
Y
S

R i Tt B i TR o 2 S P T

Fee
Surficeleryaitllized salkamd @amdel . - il LAk e BB D ek B Gl e
Sand with small amount of clay, greenish yellow. ... . ... . ... ... ... .. .............
Clay, lisht orayand-black, webd. & 1.0 0o cizopio sl dathlec . irui i EE L sl
Sand ‘biack wathy foul odar, verGiweb: cao o il G SR L D s s L bR R e
Glaviblackeatactop: e o, oHm T SIEIUIES oo n D O SN = st o il Lo s )
Sand and grayvel) dark grsrmioistid sy, 20 o c e Lae TR IHRG aes D D00 R Sl
Sand with a/'small:amount. of clay, Hght gray, moist. /L. LBl L0000 o sl Ll sl s
Clay: with-s smalll apaount of satndy bioht gray. . ..ooc ol o, o 0obon oo A BEC L e T TS
Sand, fine hiphit gfa v wery st C L, s Saoite L 0 Iy L i e T R L
Hardpan; elay and conselidatedimpiterial .. o aai o aity 0 0 s ol el SU T i
Sand, nearly black, wet, without saline taste: ..........uli ..o ool don i iiaiiao
Flay foreairish St sTaotil .l B ar o s o e S IR s R e e
Sand hlack. vergiiaistid, (S SURI IR T - ST S T T e L R S D
Hardpan, alternating layers of clay and more consolidated material........ .. .. ... ........
Clay, altemating layers.of ight gey and black 77 . sl oo s D gl ad dldl et i e s
Hardpan, alternating layers of clay and more consolidated material.........................
Sand, coarse, nearly black
Clay, black, sticky, soft......

Bastpan = Lo Ly i Jun s Saeelea STEES 0
Sand, quicksand, nearly black, foul odor
Olay et evey seftstieley ot laeh 2 V00 o (s s TR B Bty oo Bke s o0l L DR St
Sands: guickeand - mreariyblaelacte e ooy snEah e I en i Bl o S
Gl ight aray, verystioloy. Silladt ol b col oSl g SR i oot s DO BRI
Sand, mostly quicksand, with some fine gravel. .. ... Ll . i iiiiiiibe el el

T OT O Wi G0 00 GO DD DD B B B = b= =
PRSP OONSCSRIRS oo o

QMUNMUIOUNOOOUNIUNMOUIOUNNUTUNNNNO IO TNNO D
QUOUNUIOOCOUNOUNMUIOOUNIOTIOOUNTUTNO N

s
QDD S
S0

Water encountered.

Sample Tempera-
No. i ture. Hape,

201 Feet.
B s N Btrang e seab TGt SaR S be o L ko e ) 20 e ) LB D e st 2.7
el W Water, nearly fresh, strong flow, rising within 1.5 feet of surface .................. 14.0
SEsi o Water; nearly: freah smaoderate flow. oo Lo it cooe gk LUk (LT i S0l et 16.0
Ay Water, nearly fresh, strong flow, rising within 2 feet of surface......... 2 rENa bl 16.5
T 2 AW Water, negrly freah sweald Hlow. .. oo Uzo co ali B0 s oL SR e s ks 17.0
6% i Water, nearly fresh, strong flow, rising within 1 foot of surface, foul odor..:....... 14.0
Hia St ‘Watar, vearly fvesh wwedle flow. oo Gl e b o 0 D oL UL L T )

B Water, nearly fresh, strong flow, rising within 16 feet of surface, foul odor........... 15.0
G v Wabt(air, siearly- el iwealec How L. 5o ol i s L s U e L e el el (€))

AR R 3 e R nd 2 0 CRITELIE | PN VS SRESRE SRR 3 DR [ AR 1 51 SR F & MR 0 17.0

O TS I 0O DO DD 1
i T L s Bl et A
coocococococoowm

(=23

a Not sampled.
CHEMICAL DATA.

CLARIFICATION OF THE MUD EXTRACTS BY THE USE OF AMMONIUM CHLORIDE.

In the chemical investigations relating to Columbus Marsh and more particularly to well
900, the samples have been analyzed for soluble salts and potash, first by the method described
above, in which ammonium chloride was used to clarify the solution, and then by a method in
which the clarification was effected by filtration through Pasteur-Chamberland clay filters, the
potash in all cases being determined by the modified chlorplatinate method already mentioned.
In addition more complete analyses of some of the samples have been made, and the total
potash in a number of them has been determined. The results of the analyses in which ammo-
nium chloride was used as the clarifying agent are given on page 6. With the exception of the
moisture determination the percentages in this paper refer to the material dried at 100° C.
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Results of analyses of muds from well 900 with ammonium chloride as the clarifying agent.

[W. B. Hicks, analyst.]

Soluble Potash as K.
Sample | Depth Bhise e il salta Moisture
No. (feet). B (per Per cent | Per cent |(per cent).
centlof of of solu-
sample). sample. | blesalts.

spiltsacis Jabas | Surfacec . i call b CL S Tuaic ol 08 0.27 1.27 13. 46

SRR RS anden 2l s e e 8.20 .28 3.45 18. 60

£ T GEBRHN Qg corin @ bR S 12. 07 .57 4.77 20. 60

. BT 9.5 S 7.74 .34 4.34 18.75

[ il O e 10.0 8.63 .45 5.17 25. 65

(hgme bt 17.5 3.61 .55 15.10 4.91

R el 19.5 5. 50 .86 15. 65 18.30

e B 20.0 6.75 1.04 15. 33 23.70

Qimes e 23.5 3.3b .91 17. 00 16. 44
| RO 26.0 6.22 .92 14. 77 19. 27
G e 29.5 6.15 +93 15.13 21. 85
i e 30.5 6. 65 1.21 18. 25 23.10
L e 37.0 6.71 1.29 19. 22 25. 90
£ RIS e 39.5 7.86 1.46 18. 60 29. 30
|7 o 45.0 4.15 .45 10. 68 16. 65
1 T 52.0 5. 65 . 55 9. 65 26. 20
 Ee 58.5 5.80 .41 7.05 41.70
IRt aat 62.0 2.28 .15 6. 67 27.80
TPt 67.0 2.70 .36 13.12 24.90
Avverago e Sl ml e e U e e 6. 90 .68 14 e 7 S8R MBS e o

These results are in complete agreement with those obtained from well 400. Except in
the surface material the percentage of soluble salts is low and nearly constant, while that of
potassium is comparatively high, increasing at first with increasing depth to unusually high
values in the section between 17 and 39 feet, and then falling off again. The samples for the
whole well average 6.90 per cent in soluble salts and 11.33 per cent in potassium, against 8.66
and 9.75 per cent, respectively, for well 400; while in the section between 17 and 39 feet the
muds from well 900 average 5.87 per cent in soluble salts and 16.12 per cent in potassium, against
5.96 and 17.02 per cent, respectively, for the muds from the corresponding section of well 400.
In fact, the analytical data concerning the two wells are concordant in every particular. The
unusually high percentage of potassium in well 400 is found at corresponding depths in well 900.
Contrary to expectations, the percentages of both soluble salts and potash decline with increas-
ing depth below 40 feet.

The muds from well 900 vary greatly, being composed of sand, clay, or material much
more consolidated, or of mixtures of these, and a most surprising fact is that the analytical data
give no indication whatever of such differences in the character of the material represented by
the samples.

CLARIFICATION BY FILTRATION THROUGH PASTEUR-CHAMBERLAND FILTERS.

In searching for a method for the clarification of the extracts that would yield a clear solu-
tion containing without question only that material which water alone would dissolve from
the muds, filtration through porcelain filters suggested itself. Experiments carried out by
the writer * have shown that only slight changes result to moderately concentrated solutions
on passing through Pasteur-Chamberland clay filters and that the alkalies from very dilute
alkaline solutions are more or less absorbed by such treatment; therefore mud extracts that
are alkaline and very dilute are likely to show appreciable changes in composition after being
subjected to this method of clarification. As the mud extracts from the Columbus Marsh

1 Jour. Ind. Eng. Chem., vol. 6, pp. 829-831, 1914,
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samples were not excessively dilute, were composed largely of chlorides and sulphates, and
were only slightly alkaline, it is believed that the values for the water-extractable material
obtained by this method of clarification are nearly correct, some of them probably being a

little low.

The following procedure was used: A 20-gram sample of the mtid which had been dried
and powdered was heated with occasional stirring for 1 hour on the steam bath with 400
cubic centimeters of water. It was then transferred to a measuring flask, cooled, and made
up to 500 cubic centimeters, and 10 cubic centimeters of water was added to correct for the
volume occupied by the mud. After mixing and allowing to settle the extract was filtered
through a Pasteur-Chamberland clay filter using strong suction. After discarding the first
100 cubic centimeters of the filtrate, aliquots of 100 to 200 cubic cer tlmeters were taken for
analysis. The results are given beloW

Analytical results obtained from mud samples of well 900 after clarification of the water extract by filtration through Pasteur-
Chamberland clay filters.

[W. B. Hicks, analyst.]

Ratio of values obtalllllled ‘gy use
of ammonium chloride to
Soluble potash as K. values obtained by wuse of
Pasteur-Cha,mberland filters.
Ll S{)luéble
ept salts (per
Sample No. (feet) centgf
Soluble potash.
sample). Por dont Per cent
O(EB of Soluble |
sample. SOhIItb 1o salte. In sam- | Insoluble
i ple. salts.
\
F R R M 0.5 18. 26 0.11 0. 58 1.16 g 45 2.19
B Je it s 4.0 4.96 .09 1.83 1.65 vk 1. 88
1 G 4.5 7.03 .15 2.13 372 % 80 2.24
< e 9.5 4. 80 Val 2.29 1.61 3. 09 1.46
(e e 10.0 3.71 12 3.16 2.29 .75 1.64
[ el e Brepe o 17.5 56 .04 6. 62 6. 45 13.75 2. 28
R Ry 19.5 49 .04 5.70 11122 21. 50 2.09
Bt Sl 20.0 61 .04 6. 50 11. 05 26. 00 2.36
[ g sl Ty 23.5 74 .03 4. 64 7.23 30. 33 3. 66
i 11 IR SRS 26.0 54 .03 5.32 11. 50 30. 66 2. 68
3 T 29.5 75 .04 4.72 8.20 23.25 8.21
b R 30.5 79 .04 5.11 8.42 30. 25 3. 57
5 1 OREEON 37.5 76 .03 5.56 8.83 43. 00 3. 46
) 1 SR et 39.5 94 .04 3.18 8.36 36. 50 4.92
[ ASGrpel Lt 45.0 .52 .03 8. 66 7.98 15. 00 1. 23
)R et 52.0 1.30 .07 5.45 4.35 . 86 1.7
WA 58.5 1.36 .12 9.52 4.27 3.42 .74
112D a8 R 62.0 52 .03 6. 59 4.38 5.00 1.01
1! e il 67.0 39 .03 10. 15 6.93 12.00 1.29
Aperame. < Sl B B  2.84 .06 BT L B SRR G bRt TR

According to these data the amount of material extracted by water alone from the mud
samples in well 900, exclusive of the surface material, is small, amounting on an average to
only 2.84 per cent. The average content of potassium is 0.06 per cent of the sample, or 5.17
per cent of the soluble salts. The results from the section of the well between 17 and 39 feet,
which yielded unusually high values for potassium by the other method of analysis, are even
more striking. Here the average content of soluble matter is 0.69 per cent and that of potas-
sium 0.04 per cent of the sample, or 5.32 per cent of the soluble salts. These figures are ex-
ceptionally low compared with those obtained by the use of ammonium chloride—a fact that
becomes more evident by an examination of the columns of ratios in the table. Here it is seen
that by the method in which ammonium chloride was used for clarification, from 1 to 10 times
as much soluble matter and from 2 to 40 times as much potassium is dissolved from the muds

.
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as by the method in which the samples are extracted by pure water and clarified by filtration
through clay filters. It is also evident that the ratio of the potassium extracted is in general
from 2 to 4 times that of the soluble salts. In other words, the soluble salts extracted from the
muds by the use of ammonium chloride contain a much higher percentage of potash than the
pure water extract. The variation in the results obtained by the two methods is greatest in
the case of the muds that contain the least amount of soluble salts. No appreciable changes
corresponding to differences in the character of the material appear in the results of the analysis,
or in the variations by the two methods.

A consideration of these data shows conclusively that the high figures obtained for potash
in the samples from wells 400 and 900 have resulted from the method of clarifying the mud
extracts with ammonium chloride. It further furnishes an explanation of the discrepancies
observed above in the analyses of muds and waters from the same horizon.

TOTAL POTASH IN THE MUDS.

The total potash in a number of muds from well 900 was determined by the J. Lawrence
Smith method.! The samples were selected from those showing high percentages of potassium
in the ammonium chloride extract and represent the various kinds of material found in the
well. The results are given in the subjoined table, which include also those for one sample from
well 200, for comparison.

Total potash in muds from well 900 and percentage extracted with ammonium chloride and with water.

[W. B. Hicks, analyst.]

Per cent of total pot-
Total ash extracted by—
s potalsih
ep . as
Sample No. (feet). | Character of material. (per cent Ammlcl)-
of nium chlo-
sample). ride Water.
solution.
2004-9. ... Vo IACTTE (R na S| VI, SRR U 0 e 3.55 1l ) D P e
900+2.... 4 1 ok SRt L0 BT 2.84 9. 88 2.82
9004-3.... sy GRS L e DT 2.96 19.25 5.07
900+4-9. ... 23 Bagid v 5,0 S e S e 3.26 27.90 .92
900+12. .. | Ja e B o o 3 e AR S s 3.30 36.70 1.21
900+413. .. 37 Consolidated material....... . 3.46 37.30 .87
900+14. .. 39 (01 FR R AR e i 3722 39.20 1.08
900-4-16. . . B2 ST (i ok e R s, 4 2.64 20. 80 2.65
900+19. .. 67 L e B S e 2.84 12. 68 1.07

According to these data the potash content of the muds is roughly constant without regard
to the character of the material. Although only a small percentage of the total potash was
extracted by water, from 10 to 40 per cent was carried into solution by ammonium chloride,
the high values again being shown by the muds which came from the section of the well between
17 and 39 feet.

ANALYSES OF WATERS.

Incomplete analyses of the waters from well 900 were made. The results, which are set
forth on page 9, are sufficient to give a fair idea of the character of these waters and to show
the close similarity in composition of their dissolved salts.

1Treadwell, F. P., Analytical chemistry, 3d ed., vol. 2, p. 496, John Wiley & Sons, 1911.
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Analyses of waters from well 900.
[W. B. Hicks, analyst.]
1 2 3 4 5 6 7 8 9
Pepth (feet): . nis di s li i, 2.5 15 23 27 37 42 47 54 66
bl e b LR o ol W SRR R 55.18 | 54/90 | 53.36 | 53.00 | 51.00 | 52.48 | 48.62 | 49.40 49. 28
1210 P AN U s e D, SO R B 6.19 4,29 6.70 6. 83 9.48 6. 19 8.30 6. 85 9. 63
11T e Wk Dl (e 0 i i Sl .39 103 b1 12130 1l 1 61 1.22 | 3.28 1.56
LTSt T (o SR RS S S TR |44 .44 .66 .48 .63 . 36 2.38 1.02
N PR 1.91 3.45 3.53 3.65 3.04 3.59 3.00 3.36 3.73
Ca (b difference)................. 35.89 | 36/33 | 34.85 | 34.56 | 34.56 | 35.45 | 38.50 | 34.73 | 34.78
100. 00 | 100,00 | 100.00 | 100.00 | 100.00 | 100.00 |{.100.00 | 100.00 | 100.00
ARE S S SRR T Sk i s e e AT 20. 52 162 .59 i) .66 .38 .87 w3l .47

All the samples contained a small amount of c3

With the exception of sample No. 1,
very dilute and of the same order of cq
composition, consisting largely of sodiun
containing borates, carbonates, and sal
centage of sulphates and borates tends t
high and is approximately constant for

ABSORPTIO!

From the preceding data it is evident
of potash. It is also known that only g
extract after filtration through porcelain
of ammonium chloride. Many investig
dissolved to a slight degree by water and
of such solubility, however, is small.

From a consideration of these facts
the muds of Columbus Marsh is held in ¢
retention is not known.? It is probable,
absorbed from solution and is held by
combination. At the same time it is cer
in the analyses has resulted from the sol
minerals present. This conclusion is en
clays from well 900 contain approximate
amounts to solutions of ammonium chlo
which gave the high potash values cont
muds from Columbus Marsh are still ca
Two grams of clay sample 200+ 9, from

a 0.5 per cent potassium chloride solution.

of the mud, an amount greater than ths
any of the samples from well 900 except

Considering all the facts at hand, it
quantities of other salts have been abs
are held in a loosely combined form by tk
of the desert basins in general. Such a
long recognized, that clays selectively al

lcium. No test was made for Mg or SiO,.

which is a strong brine, the waters-from well 900 are
ncentration. Their soluble salts are very similar in
n chloride with moderate amounts of sulphates, and
ts of potassium and calcium. Apparently the per-
o increase with depth. The potash is not unusually
w1l the waters.

N OF POTASH BY MUDS.

that the muds from well 900 contain a high percentage
small quantity of this potash is found in the water
filters, while a large amount is dissolved by solutions
ators ! have shown that rock-forming minerals are
to a larger extent by salt solutions. The magnitude

it is believed that a large percentage of the potash in
) loosely combined form, though the exact manner of
however, that a large portion of this potash has been
colloids either mechanically or in a weak chemical
tain that a small amount of the soluble potash shown
vent action of an ammonium chloride solution on the
nphasized by the fact that both the sands and the
ly the same quantities of potash and give up similar
ride. However, the sand as well as the clay samples
ain considerable colloidal matter. Furthermore, the
pable of absorbing considerable quantities of potash.
) well 200, absorbed 0.0287 gram of potassium from
This corresponds to an absorption of 1.43 per cent
It extracted by solutions of ammonium chloride from
No. 14.

is believed that large amounts of potash with small
prbed from surrounding or percolating solutions and
te muds of Columbus Marsh, and perhaps by the muds
conclusion is in accord with the fact, which has been
bsorb potash, and perhaps it offers the best explana-

1 For a bibliography on the solubility of rock-forming ming
491, p. 454, 1911.

2 For bibliographies on the absorption of salts by clays see Y
E., Landw. Zeitung (Fiihling’s), vol. 62, p. 560, 1913.

rals see Clarke, ¥. W., The data of geochemistry, 2d ed.: U. 8. Geol. Survey Bull.

Van Bemmelen, J. M., Die Absorption, 1910; Clarke, F. W., op. cit., p. 477; Blanck,
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tion of the apparent disappearance of considerable quantities of the potassium salts from nat-
ural solutions or from the salts associated with the desert-basin saline deposits. Attention *
has been repeatedly directed, through the analysis of many brines, saline incrustations, and
muds, to the low content of potassium in comparison to that of sodium in these deposits. It
is possible that in the desert basins the potash has been gradually absorbed from solutions
by the muds, while the other salts, being less completely absorbed, have been gradually con-
centrated through evaporation, this process yielding the natural brines and salt incrustations
with low potash content found in these regions at the present time.

CONCLUSIONS.

The data relating to wells 400 and 900 agree very closely. Water, as a rule, removes
from the muds of well 900 only small amounts of soluble matter, but solutions of ammonium
chloride extract larger quantities. The high percentages of potash found in the soluble salts
from the muds of well 400, as well as the discrepancies between the results shown by the
waters and muds from the same horizon, were a result of the method of analysis, in which
the clarification was effected by ammonium chloride. High percentages of soluble salts in
the muds usually correspond to low percentages of potassium in the salts. In such cases the
variations in the water and ammonium chloride extracts are not so great.

The muds of Columbus Marsh are capable of absorbing more potash. It is believed that
a large part of the potassium in the muds has been absorbed from surrounding or percolating
solutions and is held in a loosely combined form, probably by colloids. Such a conclusion
offers an explanation of.the apparent disappearance of the potassium from the brines and
saline deposits of the desert-basin regions.

SURFACE MUDS FROM COLUMBUS MARSH.
SAMPLES.

In order to determine the variations in composition of muds from different localities in
Columbus Marsh, a number of samples of the surface material were collected in 1913. It
was also thought that some relation between the composition of the muds and the ‘“self-rising
ground”’ of the marsh might be found. The samples represent the surface material to a depth
of about 6 inches. They were collected by the writer and preserved in tin cans. The samples
were taken at the plane-table stations established in mapping the flat and therefore represent
for the most part the edge of the marsh. The localities from which these samples came are
described below and are also indicated accurately on figure 1.

Localities from which surface samples were collected.

Location. 1 Character of surface material.

900+1....| Sec. 8, T. 2 N., R. 36 E., at well 900. . .| Sand and clay, moist. Surface smooth, moderately compact, and
covered with thin layers of crystalline salts.

SRS o Sec. 36, T8 N B-SGR. L .cul ) Clay and sand, brownish, moist, sticky, containing salt crystals.
: Surface covered with film of crystalline salts.

Hec: 27 BN URNSG L ¢ cnia b Sand with some clay, brownish, loose, containing salt crystals.
Surface dried to a rough, nearly white, crust.

Bel sl s Beel 13- M 2N VR 86 Bl it ol Sand, brown, moist. Surface smooth, loose, and contains no

crystalline salts. Many fragmentary volcanic rocks scattered
over surface. Area formerly worked for borax.

(RS Sec.8, T.2N.,,R. 36 E................| Sand, brownish gray. Area covered with salt %:ass and formerly
worked for borax. Sample taken from smooth surface between
the ridges.

Ve Ay Sec. 31, T.3N.,R.86E...............| Sand and clay, brownish. Surface smooth, compact, and cov-
ered with film of crystalline salts.

L S el U (3 el v L LS LR e Sand and clay, brownish yellow. Surface rough and very loose,

like freshly plowed ground, and covered with a thin film of
crystalline salts.

1 8ee Clarke, F. W., op. cit., pp. 142-247; Dole, R. B., Explorations of salines in Silver Peak Marsh, Nev.: U. S. Geol. Survey Bull. 530,
PD. 330-345, 1913; Gale, H. S., Prospecting for potash in Death Valley, Cal.; and Salt, borax, and potash in Saline Valley, Inyo County, Cal.:
U. 8. Geol. Survey Bull. 540, pp. 407-421, 1914,
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ANALYSES.

Only partial analyses of the surface samples from Columbus Marsh were made, but the
data are complete enough to show the composition of water-soluble matter in these muds. The
results of the analyses, made on the material dried at 100° C., are tabulated below,

Analyses of surface muds from Columbus Marsh.

[W. B. Hicks, analyst.]

90041 3 4 5 6 7 8

) R E S R L e S B AL Y B 1 40. 30 53. 30 48.15 49. 20 34.15 53. 20 45. 40
o0 e R e M ol isi SR e 21.30 2.31 4.15 5.78 4.44 3.45 2.92
B e e T Lk 1.14 2.21 1.45 6. 21 25. 88 3.30 3.01
(815 G A AR eI WO LT R None. None. 4.67 .75 .92 None. 4.93
g 2 Rasireshula 47 i .23 3.20 2. 60 .43 1.53 1.30 4.80
1l el et MR e R SO AR BRI B 4 .58 .50 .47 .51 191 2.08 . 67
O I e S R R R 5.89 None. None. +37 2.72 .29 None.
Na(by difference)..i. i .. uacsbik Jds. 30. 56 38.48 38. 51 36. 75 28. 45 36. 38 38. 27
Mg . i oL SRS e TR None. Trace. Trace. None. None. None. None.

100. 00 100. 00 100. 00 100. 00 100. 00 100. 00 100. 00
Soluble salts. .. Loo b e Tt et d ity 18. 26 11. 27 20. 00 11.75 6. 53 7.24 10. 96

DISCUSSION AND CONCLUSION.

From these results it will be seen that the soluble salts in the surface muds of Columbus
Marsh, while containing a large amount of sodium chloride, vary widely in composition. All
contain small quantities of potash and silica and varying amounts of sulphates and borates.
Sample 900 + 1 shows exceptionally high sulphates, sample 6 high borates, and samples 4 and 8
considerable carbonates. According to the composition of the soluble salts, the mud samples
may be classified as follows:

Samples 3 and 7, consisting largely of chlorides.

Sample 9001 consisting largely of chlorides and sulphates.
Samples 4 and 8, consisting largely of chlorides and carbonates.
Samples 5 and 6, consisting largely of chlorides and borates.

Samples 3, 7, and 900+ 1 came from smooth, rather compact areas; samples 5 and 6 from
localities formerly worked for borax, in which the surface material is more or less loose and
covered in salt grass; and samples 4 and 8 from rough, very loose surfaces known as self-rising
ground.” These facts indicate that the presence of carbonates in the surface material is a
factor in causing the “self-rising ground,” and that borates and perhaps alkalies in general
tend to produce similar effects. The data, however, are not conclusive, because too few sam-
ples have been examined.
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