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ABSTRACT

A marked zonal relationship exists among bovax (sodium bovaie), ulexite (sodivm-calcium
borate}, and colemanite (calctum bovate) in the loke beds al Kvamer, California. A ventral bovax
body is surraunded above and latevally by beds containing ulexite and colemanite and below by beds
containing only ulexite. Most thin-bedded bovax and part of nodular ulexite may be fivsi-fermed
or synsedimentary minevals. Thevefore, the existing mineral distyvibution may be a vefleclion of
an eariier chemical zonation that developed duving ov shovtly after deposition of the Kramer lake
beds.

In several localities nodulay (cottonball) ulexite similar o Kramer ulexite has formed by
replacement gf muds of modern plavas. The ulexile at Kramer shows identical textures. M con-
frast, the bovax uf Kvamer was deposited on lake muds in vesponse to evapovation of saturated
ngB,;O? brines.

Two mechanisms may expluin the sepavaie cccurvences of the borale phases. Subsurjace
reaction of calcium-bearing ground watey with the sodium bovate oré body or with sodiuwm boyate~
vich brines entvapped in the loke muds may have produced with velatively less soluble ulexite and
colemanite, a mechanism computible with preliminary expevimenial findings of other wovkers.
Another possible, although less probable, mechanism is the formalion of ulexite and colemanite
by don exchange of sodium and calcium wilh the montmorillonitic claystones interbedded with the
borates. Textuval and structural data, together with the spatial distribution of the bovates in the
lake beds, suggest thal the first mechanism was move imporiant.

INTRODUCTION

The nonmarine evaporite deposit at Kramer, California. consists almost exclusively of
borax. ulexite, colemanite, and kernite, with minor amounts of other borate minerals such as
inderite. kurnakovite, inyoite, meyerhofferite. and probertite. The deposit is unusual in that
many of the minerals usually found in typical salt deposits, such as halite, trona, gypsum, and
thernardite are not present. Although the deposit contains unusually large amounts of sodium
borate., borax appears o have accumuiated under normal evaporitic conditicns in ways that are
compatible with mechanism proposed for saline deposition in other evaporite environments. The
specialized gross composition of the evaporite minerals at Kramer reflects the unusual chemical
nature of waters entering the basin. However, details of the mineralogical distribution may
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reflect environmental differences within the former lake basin that existed during or after the
gxistence of the lake.

Borax (NaoByO» 10H;Q) and ulexite NaCaBgCq® 8H,0) are the two most abundant borates
held by Gale {1946) and Obert and Long (1962, pp. 66-67)7 to have formed as early phases at
Kramer, thatis, at the time the lake existed or shortly thereafrer. The borax layers, interbedded
with mentmorilionitic claystone lavers, form a moderately thick, tabular body (maximum thick-
ness 345 feet, Obert and Long, 1962}, Scattered nodules and veins of calcium-bearing borates
(ulexite and colemanite, CayBg04 SHa0) occur in claystones both immediately above and periph-
eral to the borax body {Gale, 1946, p. 342}, Ulexite also occurs in the claystone beneath the
sodium borate heds. Some ulexite is associated with borax, but most of the ulexite is in zones

separate from the borax.

The precise details of the spatial relatonships of colemanite and ulexite are imperfectly
known, but most, if not all, of the colemanite occurs in the claystone that surrounds the borax.
Recently Barnard and Kistler (1966} presented evidence indicating rhat most of the colemanite and
wlexite occur separately from one another; the colemanite-bearing claystones form beds that both
laterally surround and overlie the more central cottonball ulexite and borax beds, In other words
the borate accurrence at Kramer is formed of a central borax body, surrounded by claystone beds
containing cottonball ulexite, with colemanite occurring in beds to the side of. and above, the
ulexite-bearing rocks. Knowledge of processes leading to the deposition of these borate minerals
is needed to better understand the origin of the Kramer deposit.

The purpose of this paper is to examine some of the problemns bearing on the modes of dep-
osition of the sodium, sodium-calcium, and calcium borates {borax, wexite, and colemanite
respectively} at Kramer. Evidence concerning the origin of "cottonball” ulexite at Columbus
Marsh, Nevada and Airport Dry Lake, California, is used to help evaluate the conditions of for-
mation at Kramer. The geologic features are interpreted in the light of chemical and mineralog-
ical data presented by Bowser {1963), Kemp (1956), and Kurnakov and Nikolayev {1948}
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DEPOSITION OF BORATES

Ulexite at Kramer, commonly referred to ag "cortonball” ulexite, occurs in masgive green
claystones as rounded, lumpy masses that generally range in size from a fraction of a centimeter
up o several centimeters in diameter. The aggregates are composed of fine fibrous ulexite in
both parallel and radial arrangements. Texturally the Kramer ulexite is identical to the "cotton- ;
ball” ulexite that occurs in many other borate deposits of the world. For example, cottonbali
ulexite appears to be forming today at Columbus Marsh {approximately 35 miles west of Tonopah,
Nevada), and Airport Dry Lake {10 miles noxth of China Lake, Californial. /
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F'o date there has been ipuificienr evidense presented to argue whether some of the coleynapite, inyoite, meyerhofferite, kumakovite, and
inderize may have ako formed at or nearly the same time that che enclosing sediments were deposited, but, with the exception of colemapite,
these other boreies ase nol abundant, apd, conssquently, chey will not emer inie the discussion presented this papes,
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Ulexite at Columbus Marsh occurs on the southern margin of the salt {lat, immediately
adjacent to the highway leading west from Coaldale junction. The area is covered with aume.rdg
"phreatophyte mounds.” Minor efflorescent crusts cover the intervening low ground. In claye
and silty sands underlying the marsh, ulexite is forming approximately ten centimeters below ;
surface above a conspicucus boundary that separates finer grained sediments below from coars
grained sediments above. The ulexite occurs in a moderately thin (2-3 cm. } and regular hori
in most places, but benecath the phreatophyte mounds the wexite horizon thickens, with the uppe
surface of the ulexite horizon tending to conform to the topographic rise. Since the ulexite appe
to be controlled by present-day surface it is probably forming at the present time.  The ulexite
now growing in the sediments. probably by precipitation from dilute runoff waters, which are pr
vented from percolating deeper into the sediments by the low permeability of the underlying fin
grained sediments. The precipitation of ulexite is probably caused by evaporation of solutions,
standing below the surface. Regardiess of the mechanism of precipitation. however, ulexite is
growing in the enclosing sediments, very likely by replacement of the sediments. as is the cad
with celestite nodules at Bristol Dry Lake (Durrell, 1953, p. 13},

The occurrence of ulexite at Airport Dry Lake is similar to that at Columbus Marsh except
that at Airport Dry Lake the boundary separating finex and coarser grained sediments is deepex
nearly onc meter below the dry lake surface (see Fig. 1). The nodules, slightly larger than thoge
at Columbus Marsh, are distributed through a thicker layer and are higher ahove the coarse- i
fine-sediment boundary. Growth of the ulexite by replacement of the enclosing sediments hasg.ap
parendy taken place at Airport Dry Lake as well as at Columbus Marsh. g

The "cottonball” ulexite at Kramer is suff
ciently similar in most important respects to the
two occurrences at Columbus Marsh and Airport
Dry Lake to allow the working hypothesis that firgt
generation ulexite at Kramer also grew in muds..
d Thus, the wlexite formed distinctly after mud de-
Brown sandy siftstons ositon. This is in accord with the conclusions
reached by Gale {1946, p. 377) and by Godlevsky
{1937, p. 358}, in his studies of the Inder borate
district of Russia, and by Muessig (1959, p. 496).

Dry i fehie Surfodm e,

Borax

Evidence that the first formed® borax at :
Kramer was precipitated from lake water was pre
sented in abstract form by Bowser and Dickson
(1963) and in a manuscript now in preparation. A
sumnmary of the data pertinent {o the topic of this
paper is presented in the following paragraphs.

Fipure 5. Skerch showing disturibution of "couon-

bali” wiesite az Alrport Dry Lake (rounded, fmeg- The bedding relationships between the pri-
uldr massesh,  Matly Wexite masses are multiple. mary borax and the claystone are different from
that i composed of 1wo or more fikrous " cotton- place to place, but one of the mest common and

Balls” most significant is the type illustrated in Fig. 2.

The borax occurs in thin, relatively pure layers.
about one to three cm. thick, interbedded with
thinly laminated claystone beds of about the same thickness. Individual borax layers show the foi-
lowing characteristics:
i. Numerous crystals at the base and fewer and larger crystals at the 10p.
2. Crystals at the top of the layer with upward facing euhedral terminations.

g
The term "fizst formed " bovax is used 10 this paper 10 mean the botax that was precipitared directly from the lake water at the lake-sedirpent
interface, The terms primary and syngeseric have been wsed to desenibe the timing of some of the borare minerals, but ueage s aveided
here because of meenainties in the nming of some minents and the nomber of different ways in which these terms have beon vsed.
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3. Many large crystals at the top of the borax layer that taper downward, thus showing
fan-shaped cross gections.
Large borax crystals at the tops of the beds with preferred crystallographic orientétibns
with the b-axis vertical {see Fig. 3). but numerous small borax grains along the base of
the layer without preferred orientation.

Borax crystals with internal zones, that reveal variations in the amount of clay within the
Thte zones are parallel to existing external crystal faces.

ciystals.

Figure 2, Primary borax bed showing prominent development of clay zoning, Cross-cutting white veinlets and -
40ped witite aréas Detween zoned borax erystals ave secopdary botax,  Eleck areas at the base of the borag bed are
crystals of kemire (NayB Oy - 48y0) that formed during iater alteration of the ore body, Maxirnam thickaess of

borax bod i anproximately Two centimetars,

The clay zones within borax crystals probably were formed by variations in the rate of clay
sedimentation relative to the raze of borax crystal growth. The variations in borax growth rates
probably reflects diurnal variations of lake water temperature and evaporation rate.

From the field and textural observations we conclude that the first generation borax at
Kramer formed on bottom muds, in contrast to ulexite, which formed in muds. Borax grown in
the laboratory in beakers through evaporation of saturated NayB,O5 solutions developed identical
features to those of natural crystals (Fig. 4), thereby sirengthening the argument that borax crys-
talg at Kramer grew on the bottom of the lake in response to components being supplied from
above.
The monunorillonitic claystone interbedded with the first-formed borax was deposited dur-
ing times when the lake was undersaturated. Corrosion observed on the tops of some borax layers
provided visible evidence of the transition to conditions of lake undersaturation from lake satura-

ticn,
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Stereographic Prajections of Optic Directions of Borox
(Upper Hemisphere Plots)

a = b cryslalographic

=
+ =

7 FAG » 55°35'

B-H-278-62(b} BoH-272-62 (ah)
Ssitectad plot of ¢rystels
from top of bed

Figwre 3, Stereographic projections of opric directions of botax crystals from the tops of primary boray
beds, The pole of the bedding plane i+ indicated by the arrow. The dached lines are roughly draws
to illustrate the grouping of the o and 8 - § optic directions, and have no quantitative significance.
Similar plots of crystals from the base of the bed show copsiderably less preferrec oricotation,

The borax beds described previously are
common throughout the borate beds at Kramer.
They are therefore a major type. Two deduction
have an important bearing on the conditions at-
tending deposition of evaporites at Kramex. Firg
zotied crystalg that grew on the bottomn of the Iake
in response to diurnal temperature fluctuations
require the lake to have been relatively shallow,
probably less than 10-20 meters, in order for -
temperature vaxiationg to have affected the grow
ing crystals. Second, the borax beds are mono-
mineralic and were produced by monomineralic®
precipitation of borax. Such borax layers scattered
throughout the depogit imply that the lake brines at

Figure 4. Amificial borax crystals grown on the be- Kramer never were sufficiently rich in constituent
rom of a.beaker from a sa&aprl-z,o solution by such as Na(l, N&zSD;}. or N£12C03 10 allow pre-
"“'_*Pf"a‘;m' Nate the similarities to the nacural cipitation of saltg other than borates. Inferences
primary borax shewn in Figore 2. Length of speci- drawn from solubility studies in the system

e i approximarcly tiree centimeters Na,B 4 Oy-NaCl-H,0 (Fig. 5) suggest the concen-
trations of other salts in the former Jake at Kramer
were unusually low; otherwise these salts would
have precipitated at some stage during the exist-

tence of the lake. Borax appears to have grown in a relatively simple chemical environment
{Bowsger, 1965. pp. 18{}-2001;?

E VI N .
By monemineralic pracipitation it is meant that ether minersls that are comunon in mamgy other cveporize deposits, such as halire, reona, or
gypsum., were nor coprecipitated with borax, Minor amornis of minerals such as caicite or dolomite could have been coprecipitated withow
affecting che primary borax rexrures.
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INTERPRETATION

In the previous discussion it was concluded that “cottonball” ulexite grew in the lak
hereas first generation borax grew op the muds. However, some borax and ulexite oecy
ame stratigraphic levels, (Obert and Long, 1962, p. 13; and Gale, 1946, p. 377} a fact gener
iken o indicate closeness in times of formation of the minerals. Is it pogsible that while the
orax was being precipitated from solutions within the lake. ulexite was growing by re-piacivé'f
rocesses in muds surrounding the lake? "Cottonball” ulexite also occurs in zones both above and
wiow the borax beds; did this ulexire have the same mode of origin as the ulexite that occurs at

he same stratigraphic levels as the borax beds?
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1t may be that all the "cottonball” ulexite at Kxramer has the same mode of origin, however,
since each type of occurrence involves slightly different lines of evidence. the following discussion
is subdivided according to mode of occurrence and mechanism of formation suggested from that

eceulrrence.
Of principal concern in this discussion is the evidence on the timing of ulexite deposition

relative o that of the adjacent borax. "Cottonball" ulexite is forming at present in many modern
playas, however this does not offer conclusive proof of the carliness of ulexite formation at
Kramer. It only indicates that it can form any time after deposition of the enclosing muds; from
penecontemporaneous to much later. In the following discussion an atempt is made (o take this
problem into account, realizing, however, that other evidence is necessary before definite conclu-
siong can be reached on the relative timing of some of the different borate phases at Kramer.
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Claystone interbedded with first-formed borax

The claystone that is interbedded with the borax probably was originally permeated with
solutions containing chemical components essentially identical to those in the lake brinc from which
the borax deposited. Much of the claystone was deposited when the lake was undersaturated, and
the brincs trapped in the clay were probably of lower salt content. Claystone interbedded with the
borax does not contain significant amounts of "cottonball” ulexite. However, there is some minor
wlexire pseudomorphic after borax that occurs in the borax-claystone interbeds. This ulexite
probably formed by some process thar involved interreaction with the solutions trapped in thege
muds. Obvicusly, more than simple dehydration of the claystone was involved; some calcium had
to be presemt ot introduced for the sodium borate components in the mud o react to produce ulex-
ite rather than borax.

Cation exchange of sudium and calcium with the clays possibly could modify the composition
of the interstitial solutions enclosed in these claystones. According to Gates {1959) the claystones
at Kramer are largely montmorillonite with subordinate illite. The relatively high exchange ca-
pacity of most mentmarillonites is well known (Grim, {953, p. 130). It is generally accepted that
Cat* replaces Nat in the clays more readily than Nat replaces Cat™. Grim (1933, p. 145}
points out, however, that replaceability is a function of the concentration of Na* and Ca*t in the
cxchanging solution. The concentration of Na+t in the solutions trapped in the Kramer lake muds
may have been high enough to allow exchange of Nat for Cat+ in the clay. The process could be
written:

NayB40, solution + CAY+-Montmorillonite ~= NaCsBgOg 8H;0 + Nat-Montmorillonite

This reaction has not been demonstrated experimentally to take place. Even small amounts of
Ca™* generated by this mechanism would account for the trace amounts of ulexite in the sedimen-
tary layers that alternate with the borax ore bhody.

Claystones surrounding the bedded, first-formed borax

The origin of the "cottonball” ulexite thar occurs in the claystones surrounding the main
borax body presents a more difficult problem. Some ulexite may have formed by a carion exchange
process as suggested above., Alternatively. the entrapped brines may have been originally of ap-
propriate composition for precipitating ulexite, or Ca™t may have been added ta the brines by
some external source, such as by moving in of ground water of a different composition. A cation
exchange mechanism is much less appealing for this type of ulexite occurrence, because the per-
centage of 'cottonball” ulexite in the claystone would seem 1o demand a large amount of Na-Ca ex-
change; seemingly much more than could be provided locally. To help decide among thess alterna~-
tives it is necessary to know the spatial and paragenctic relationships berween the first generation
borax beds and the '"cottonball” ulexite-bearing claystones.

The "cottonball” ulexite-bearing claystone that occurs directly above Lhe borax beds evidently
represents a phase of borate deposition that followed deposition of the borax.” The lake water
composition could have been slightly different during these two periods {i.e., richer in calcium),
and. therefore, it is possible that the ulexite in these muds precipitated directly from solution by
saturation. However, Obert and Long (1962, p. 15} state that: "Laterally. the bedded sodium
borates are generally abruptly lenticular and interfingered with the so-called blue clay and other
associated sediments of the Kramer lake beds.” More recently Barnard and Kistler (1966) have
demonstrated that the upper borax and "cottonball” ulexite -bearing claystones interfinger with one
another. Some of the “cottonball” ulexite formed essentally at the game stratigraphic level as
laterally adjacent primary borax. a conclusion not compatible with simultanecus equilibrium pre-
ciptration of ulexite and borax from the same golution. This ulexite could have formed either
penecontemporaneously with the borax or at some much later time.

Triexie alio cee

v it ihe beds that underie e main boraX body. bur whether or not deposition of the ulexire had zzken piace prior to pre=
Cis et known, Gale (1' £, pp, 447 and 345) indicates fhat this ulexite looks shightly different from the rypical’ cal “eocromzall”

ater than the over-

eisitation o
vloxiie, Boing o dense fonm thal securs s wams, volniets and irreguin patcbes, This wWexite could have formed much
iying bsorax,
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A posgible way in which this ulexitc might have formed is suggested by the experiments
reported by Kemp (1956, p. 71). "...lulexite]has...been prepared by the action of an excess of
s cold sarurated solution of borax on calcium chloride, the first-formed amorphous precipitate
peing transformed in 5-30 days 10 a mass of fine crystals.” Identical resuits have been produced
by us by mixing saturated borax solutions with solurions of calcium chloride, by adding solid cal-
cium chloride solutions. Menzel and Schulz {reported in Kemp, 1956, p. 71} obtained ulexite by
dissolving borax and CaBo0y4- 0HL0 in water. Evidently addition of calcium to NagB404 solutons
causes the solubility product of ulexite to be exceeded, leading to its deposition.

If ground waters containing calcium seeped into sediments at the marxgins of the lake ar
Kramer, reaction with sodium borate rich brines in sediments at the margins of the lake basin
would have precipitated some ulexite.”® Alternatively post-lake encroachment by calcium-
rich ground water at deeper horizons would encounter Na,B,04 containing-muds surrounding the
sodium borate beds, causing ulexite to precipitate in a shell of rocks around the borax. Thus, the
formation of "cottonball™ ulexite could have taken place penecontemporaneously with borax dep-
cgition, or it may have formed considerably later. after the lake ceased to exist. The similarity
of the "cottonball™ ulexite at Kramer to ulexite forming in madem playas suggests, but does not

prove. a syngenetic origin for the Kramerx ulexite.

Possible reactions between ground water and entrapped lake waters

if the ulexite formed by interaction of ground water and borax or lake brine, then from min-
eral associations one might be able to deduce something about the possible compositions of the
ground water. The following chemical reactions help illustrate the point.

{ulexite)
SNa,Bs07 + 4CaCly + 33H,O —w 4NaCaByOg 8H;O + ONaCl + 2HCI

(ulexitel)
5N328407 -+ 40&504 + 33H20—"" 4N&C3.3509'8H20+3N32504 + H2504

{ulexite)
5NayB407 + 4CalHCOy); + 33H0 — 4NaCaB;O0q 8H30 + 6NaHCOg + 2H;CO4

and {ulexite)
NasBsOq + CapBgOyy + 8H0 ~—- 2NaCaBgOg- 8H,0

in the first three reactions the precipitation of ulexite would praduce s solution containing
respectively, chloride, sulfate, or bicarbonate of sodium. Selutions of this sort would lead even~
rually to the deposition of these particular salts that, however, have not been abserved. If such
solutiong were retained in the clays, the salts would have precipitated during later evaporative
dehydration of the muds. To date, no significant arnounts of salts of thig sort have heen detected
at Kramer, cither in the muds or with the borax. However, if enrrapped saline water were ex-
pelled by mechanical compaction rather than by evaporation, the soluble salt components would

have fled from the system.

On the other hand, reaction of a small amount of calcium borate solution with the sodium
borate~rich fluids trapped in the muds would precipitate ulexite, as shown in the lasf reaction,
and the compasition of the brine in the sediment would have been relatively lttle altered.

It is possible that, ag Dickson and Raab have suggested, that borate-bearing hot springs
discharged directly into a lake basin of restricted drainage {Dickson and Raab, 1965, p. 44J. Con-
tinnation of hot spring activity to a time clearly after accumulation of the sediments could have
been accompanied by a ghift in the composition of the spring solutions from dominantly sodiurm -~
borate componcnts 1o calcium-borate components. Such solutions, if they attacked the margins of
the borax body, could produce the observed distributon of calcium and sodium-caicium borates

surrounding the borax.

_\._: " - B
Buning periods when the lale was saiuraned with bovax the limits of 7he luke may have extended outy (o the present limite of the bedded bozax,
Col‘a:'.t:'{ﬂlél]t-i)‘ the muds suzrounding the Centra’ borax may have bean subaerial at times of lake saturation
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SIGNIFICANCE OF THE NODULAR COLEMANITE AT KRAMER

Because of the replacive aspect of some nocidar colemanite with "cottonball”™ ulexite showa
in some localities some workers have sugge\sted that colemanire is a secondary mineral derived
from the breakdown of ulexire. Noble {1926) concluded that all the colemanite at the Gerstley -
Mine, east of Death Valiey, California, was derived from ulexite. Foshag (1921) believed tha
sodium chioride solutions percolating through ulexite-bearing strata could cause the ulexite o
convert to colemanite. This reaction was reported to occur at temperatures above 70° C (Kem
1936, p. 71). Pure water can extract small amounts of sodium from ulexite and perhaps some:
colemanite has been formed in this way. The reaction may have been:

(ulexite} {colemanite)
2Nac€l[3509'81"[2€} + AQ = 03286011‘5{'{20 + {Na2B407}ﬁq

At Kramer colemanite may have originated by more than one mechanism. Cores of coars
grained. massive colemanite are found in indurated nodular masses of "'cottonball” ulexite. Th
uwlexite apparently has been replaced by colemanite, by a mechanism gimilar to the one propos
by Noble (1926} for the Gerstley deposit. However, many of the colemanite nodules that aecur
the beds overlying the borax and "cottonball" ulexite-bearing beds are similar to ulexite only in
their nodular shape (see Figs. 6 and 7). The radiating structure of the colemanite ¢rystals in
neddules suppests that the nodules grew from the center outward. This radiating structure is un
like the structure of the colemanite which is thought to have formed from ulexite in that the crys
rals of the nodular colemanite are in most places much finer grained. These nodules show cent
that contain radiating and concentric veins of ciear, crystalline colemanite, (Fig. 6}, structural
identical to aseptaria of carbonate concretions described in Pettijohn (1957, p. 208). Numerous.
septarian calcite nodules occur with the colemanite nodules in the same stratigraphic horizons.
The calcite nodules differ from the colemanite nodules only in their finer grained nature and the
preservation of the laminadons of the surrounding claystone. Both types of nodules are evidentd
types of concretions. The relative lack of compactdoen of laminae in the calcite nodules compar:
to the more clogely spaced laminae of the adjacent claystone indicate an early origin for the cal
cite noduleg. The similar struciure and mode of occurrence of the colemanite nodules suggests
that they too formed early. ‘The colemanite in these nodules apparently grew from solution in
imconselidated sediments and need not have formed by alteration of pre~existing ulexite.

Figure 6, Scprerian colemanite nodules from the Figure T. Photomicragraph of the edge of a septar-. 7.

elaystone overlying the Dorax beds at Kramer jan volemaenite nedule, Colemanite crystals ;
Califerniz, The rough surfaced specimen radiate away from the cenial portion of the :
{3, % cm, long) shows the typieal extermal sue- nodule, The incresse :n darkoess taward the
face of the nodules; the other four specimens edge of the adule is cawed by an increase in :
are mediat sections that have beea groond the clay conptent of the noduie,  Width of ‘
smooth and plastic spray coamed to show the photograph is four millimeter:, ;

typical septarian sructuzes,
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The 25* C isotherm of the gystem NayO-CaO-By043-H,0 published by Kurnakov and Nikolayev
(1948} shows that stability field of the calcium borate {invoire in their experiments) was separated
from the borax stability field by a field of ulexite. Thus mineral associations of horax-ulexite and
ulexite-calcium borate would be predicted to occur in borate depesits. but borax-colemanite agso-
ciations would not be expected as an equilibrium assemblage. Studies of the disrribution of cole-
manite, ulexite, and horaX in the borate shales at Kramer by Barnard and Kistler (1966) show that
most of the colemanite does occur separately from borax, and hence is in accord with the experi~

mental studies.

CONCLUSIONS

In conclusion, it is proposed that the nodular forms of ulexite and colemanite at Kramer
were formed domninatdy by subgurface reaction of calcium-bearing ground waters with the sodium
torate solutions trapped in the Jake muds during sedimentation. Another possible mechanism for
depogition of uiexite and colemanite in the lake muds. not held to he important, involves cation
exchange of Na¥ in the trapped fluids with Ca¥* in the enclosing montmorillonite clays.

The separation of the colemanite-bearing claystones from the borax beds by an intervening
"cottonball” ulexite-bearing claystone facics suggests that ground water modification of trapped
brines is probable. Cation exchange of brines and clays may have been operative on a small scale.
Studies of the stability of borate minerals under a variety of conditions in various solutions such
as sodium chioride-water solutions, and in clay-water systems, and more detalled studies of the
relative distribution and amounts of the borates at Kramer are needed before more definite con-

clusions can be drawi.
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